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Abstract
The aims of this study were to define patterns of seizure semiology and see if these can be localised to 

particular regions, with special emphasis on frontal lobe epilepsies; to establish clinical features 

differentiating frontal and temporal lobe epilepsies; to assess current classification of frontal lobe epilepsies 

and to analyse partial epilepsies in a general population. The methods used diSer from other studies in this 

area, especially with respect to breadth of case mix; delineation of clinical syndromes, using statistical 

techniques and prospective analysis of investigative abnormalities in relation to clinically defined seizure 

types. Patients were selected from hospital records with evidence of partial seizure onset, on the basis of 

focal imaging abnormality, interictal or ictal EEG abnormality and clinical seizure pattern. Two hundred 

and fifiy-two patients with 352 seizure types were identified. Clinical seizure manifestations were recorded 

prospectively and encoded according to sequential occurrence during the seizure. These data were entered 

into a statistical cluster analysis, which was refined to 14 groupings, each corresponding to a difierent 

seizure type. These patterns were displayed in flow charts, allowing assessment of seizure evolution. 

Interictal EEG spike distribution and ictal EEG onset were related to each seizure type. The 126 lesions 

identified on neuroimaging were measured by a template technique, and related to each seizure type, using 

chi-square analysis. Investigations were also related to each other and the clinical seizure associations of 

pure frontal and pure temporal lesions were assessed. The database of the National General Practice Study 

of Epilepsy (NGPSE) was also analysed, using a clinical classification, to determine the relative fi’equency 

of different partial seizure types in a general population.

Of 14 clinical seizure groupings, 2 had associations with frontal regions and 2 perirolandic associations. 

Focal clonic and somatosensory seizures were associated with perirolandic lesions and other sensory 

modalities and experiential phenomena with temporal EEG and imaging abnormalities. Seizures 

characterised by tonic posturing were strongly associated with lesions of the lateral premotor cortex and 

frontocentral EEG abnormalities. Seizures characterised by bizarre or frenetic motor activity "motor 

agitation" were associated with frontal EEG abnormalities and with lesions of the firontopolar or 

orbitofrontal cortex. These latter seizures were commonly nocturnal and occurred with higher frequency 

than those in other groups but no other consistent pattern in diurnal variation or seizure frequency emerged. 

For all seizure types with statistically significant associations with specific lesion sites, there was a 

substantial minority of cases associated with lesions at different site. A direct comparison of seizures 

associated with pure frontal and pure temporal lesions confirmed early version, clonic activity and tonic 

posturing as frontal characteristics but found no consistent differences in characteristics of seizure timing. 

Seizures with startle sensitivity occurred in 19 cases; MRI suggested lesions in the lateral frontal region or 

the perisylvian region in this group. The NGPSE data supported a high frequency of seizure types 

associated with frontal lobe abnormalities in the general population and a good prognosis of all partial 

seizure categories.

These findings lend some support to the localisation of seizure types attributed to orbitofrontal and temporal 

lobes by the ILAE but suggests that many regions of the frontal lobes do not have specific associated seizure 

types, and that many seizure types, although being associated with one cerebral region, may relatively 

frequently be due to lesions in other sites. The predictive value of clinical seizure type is thus less than 

described from retrospective and highly selected post-surgical series, on which the classification is based. 

The hospital and population-based studies suggest that seizure frequency, timing and prognosis are more 

related to the population under study than the anatomical site of the underlying lesion.
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Introduction
Section 1: Aims and structure of the study

The International League Against Epilepsy (ILAEl»^) has proposed a classification of six 

seizure types arising from different anatomical regions of the frontal lobes (table 1, 

below), and they suggest common pathological causes for each. Despite this apparently 

clear-cut anatomical definition of frontal seizures, the National Institutes of Health, 

Bethesda (NIH) has recognised frontal lobe epilepsy (FLE) as an area of poor 

understanding and has highlighted it as a priority for epilepsy research^.

Table 1: Summary of ILAE classification of frontal lobe epilepsy

Region Typical clinical features according to ILAE classification

Primary motor 
cortex

Contralateral tonic or clonic movements according to somatotopy, 
speech arrest and swallowing with frequent generalisation. Ipsilateral 
leg involved in paracentral seizures

Supplementary 
motor area

Simple focal tonic seizures with vocalisation, speech arrest, fencing 
postures, and complex focal motor activity with urinary incontinence

Cingulate Complex focal motor activity with initial automatisms, sexual features, 
vegetative signs, changes in mood and affect and urinary incontinence

Frontopolar Initial loss of contact, adversive and subsequent contraversive 
movements of head and eyes, axial clonic jerks, falls and autonomic 
signs with frequent generalised tonic clonic seizures

Orbitofrontal Complex focal motor seizures with initial automatisms or olfactory 
hallucinations, autonomic signs and urinary incontinence

Dorsolateral
(premotor)

Simple focal tonic with versive movements and aphasia and complex 
focal motor activity with initial automatisms

Opercular Mastication, salivation, swallowing and speech arrest with epigastric 
aura, fear and autonomic phenomena. Partial clonic facial seizures may 
be ipsilateral and gustatory hallucination is common
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The aims of this study are>

1) To identify clinical seizure types of partial epilepsies with localising value, with special 

emphasis on frontal lobe epilepsies, using a novel methodology comprising:-

a) the initial delineation of groups sharing clinical symptoms and symptom 

clusters of epilepsy in the study population, with the assistance of statistical 

cluster analysis;

b) a prospective analysis of the investigational abnormalities associated with 

each of the clinically defined seizure types.

2) These methods enable:-

a) the delineation of seizure types associated with frontal lobe abnormalities on 

EEG and neuroimaging and their value in differentiation from epilepsies 

associated with abnormalities in other regions, especially temporal lobe epilepsy;

b) the assessment of the intrafrontal localising value of different seizure-types;

c) the cross-correlation of clinical and investigative findings in different seizure 

types.

3) The characterisation of the evolution of seizure manifestations in different seizure types 

and the consideration of their possible anatomical and pathophysiological bases.

4) The appraisal of the ILAE classification of frontal lobe epilepsy in the light of seizure 

groupings identified in the study.

5) In subgroups of patients, the application of new methods of magnetic resonance 

imaging, including magnetic resonance spectroscopy and three dimensional acquisition of 

structural MRI data and their assessment.

6) Utilising a clinical classification derived from this study, the analysis of partial seizure 

types in the National General Practice Study of Epilepsy^ (NGPSE), to obtain a 

population-based estimate of the relative incidence of the seizure types reported in the 

accompanying hospital study, that forms the main part of this thesis.



16

The methods of this study differ from those generally applied in this area, with respect to:

i) the prospective nature of the analysis; testing the predictive value of clinical seizure 

patterns, rather than retrospectively defining seizure localisations from cases sharing 

similar results on investigations or post-surgical remission cases, without reference to 

control groups;

ii) the breadth of case selection from general neurology as well as specialist epilepsy 

practice, using several independent criteria without seeking concordance, prior to clinical 

classification and therefore reducing the inherent bias of case ascertainment;

iii) statistical methods used in delineation of clinical syndromes and in the relationship of 

clinical types to investigative abnormalities, especially of neuroimaging;

iv) the use of flow charts to describe seizure evolution in detail and consider the 

mechanisms of ictal symptom generation and their possible pathophysiological 

significance.

This introduction will examine current knowledge regarding clinical seizure patterns in 

FLE and discuss the methods of localising seizure origin, with special reference to FLE. 

Section 2 reviews the background to understanding of focal epilepsy. Section 3 describes 

current knowledge of the anatomy of the frontal lobes. Section 4 discusses the current 

understanding of the clinical features of frontal lobe epilepsy and the problems in their 

interpretation. Sections 5-7 review the value and limitations of investigations commonly 

used in focal epilepsy, with particular reference to frontal lobe epilepsy. Section 5 

assesses the value of electrophysiological investigations; section 6 explores the 

information provided by imaging in relation to underlying pathology and section 7 reviews 

neuropsychological assessment. Section 8 discusses the role of surgical treatment in 

relation to our knowledge of the underlying pathologies in epilepsy and the information 

that surgery provides about the mechanisms of epileptogenesis.

Section 2: General Background

One of the major steps in the development of modem epileptology was the analysis of 

seizure manifestations and their relationship to structural pathology especially by 

Hughlings Jackson in the last century^. His findings introduced the concepts of focal
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epileptogenesis, opening avenues for epilepsy research and raising the possibility that 

regional surgery may remove an epileptogenic lesion and relieve the seizure diathesis. A 

few years later he collaborated with Victor Horsley in successfully exploiting this 

potential, in the first operation for seizures of the modem era, on a patient with primary 

motor cortex seizures^. Most early surgery was for focal clonic seizures, since it was the 

type most reliably localisable on purely clinical grounds. The introduction of EEG fifty 

years ago, allowed an extra dimension of preoperative and intraoperative investigation, 

enabling the localisation of seizure types that could not be established on clinical criteria 

alone. The seizure type with the most distinctive EEG signature was found to be 

temporal lobe epilepsy^ and most surgery this century has been for TLE. During these 

phases of development of epilepsy surgery, the pathology underlying an individual's 

epilepsy could not be determined preoperatively. With the advent of CT scanning, foreign 

tissue lesions started to be identified in some cases, but the majority of partial epilepsies 

remained "cryptogenic".

Two recent factors have had a major impact on the approach to presurgical assessment of 

patients with intractable epilepsy. First, increasing recognition that identification of the 

nature and extent of the underlying pathology is crucial in determining prognosis of 

surgery. With the increasing sensitivity of imaging techniques, especially MRI, this has 

caused a substantial shift in emphasis of investigation. This evolution of approach means 

that studies of epilepsy localisation and surgery need to be considered in the light of the 

investigations available when they were performed and many older studies may not be 

comparable to more recent studies, undertaken in the era of MRI. Second, is the 

increasing recognition of the importance of extratemporal epilepsy, of which the largest 

subgroup is probably FLE. Epilepsy of frontal lobe origin is being increasingly recognised 

and probably represents 20-30% of partial seizures^*^. The NIH estimates the number of 

patients in the USA with frontal lobe epilepsy to be in the region of 569,000, of whom

171.000 continue to have incapacitating seizures, despite optimal drug therapy^.

Assuming the epidemiology of the disorder is similar in the UK, there are approximately

34.000 patients in this country with chronic frontal lobe epilepsy, for whom surgery might 

be considered. The total number of operations for epilepsy, mostly of the temporal lobe.
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currently stands at less than 150 per year in the UK^.

The analysis of seizure symptomatology may give clues which are important to our 

understanding of the underlying mechanisms, and help clarify the role and limitations of 

surgical treatment. A greater knowledge of the clinically significant pathways of seizure 

generation, in combination with advances in neuropharmacology, may also in the longer 

term, be important in the development of other treatment modalities, allowing more 

specific pharmacological interaction with the pathways involved in specific seizure types. 

Central to the validation of current techniques of seizure localisation, is the use of a "gold- 

standard", supposedly able to identify seizure generating cortex with absolute specificity 

and selectivity, against which other investigative modalities are assessed. A widely 

accepted dogma is that if a technique identifies a region, whose resection produces 

permanent relief from seizures, then it correctly localised the maximally epileptogenic 

cerebral cortex^®. Since only a small minority (<1%) of highly selected patients undergo 

surgery for their epilepsy, alternative means are required to identify epileptogenic cortex in 

the majority of patients, particularly if non-surgical means of focal treatment of seizures 

become available. Even in patients who undergo surgery, the range of different outcomes 

illustrates the variety of interactions between surgery and the seizure generating process 

(figure 3, page 166) and reflects the incompleteness of current understanding of the 

mechanisms and pathways of seizure causation and spread, raising doubts concerning its 

usefulness as the "gold standard". How much epileptogenic cortex need be removed to 

relieve a patient's epilepsy? If normal cortex is excised, only secondarily involved in 

seizures, can this too produce a lasting remission? The more extensive the resection the 

more likely is remission from seizures (the extreme case is hemispherectomy) and the less 

valuable the localising information from surgery. Since frontal resections are ofi;en large, 

only very general inferences may be made about localisation. The substantial failure rate of 

surgery, even in the most highly selected patients, raises the question of the applicability of 

current definitions of sites of focal seizure onset and the relevance of available tools to 

assess them.

Nevertheless, current bias is toward seizure localisation as part of presurgical assessment. 

Most series use surgical success as their measure of accuracy of localisation, resulting in
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widespread acceptance of surgical relief of seizures as the most accurate means of 

identifying epileptogenic cortex currently available. Therefore, much of the discussion in 

this introduction relates to studies of cases that have undergone surgery.

Clinical seizures are, however, the overt manifestations of aberrant neuronal activity, and 

the orientation of investigation in this thesis is on the identification of patterns of clinical 

seizure manifestations. These clinical patterns will be analysed prospectively in relation to 

investigations (interictal EEG, ictal EEG and neuroimaging) to assess the degree to which 

the location of abnormalities on investigation can be predicted fi'om clinical seizure type. 

This method avoids the bias introduced by the retrospective analysis of selected patients 

who have undergone surgical resection and is the crucial difference in methodology 

between this and previous studies. This approach, starting with the seizure manifestations 

and working towards localisation, also more accurately reflects the problem facing the 

clinician with each new patient with partial epilepsy.

Section 3: Anatom y of the frontal lobes 
Section 3a: Gross structure

The fi*ontal lobes constitute that part of the cerebral cortex anterior to the Rolandic fissure 

and superior to the Sylvian fissure (figure 4, page 167) and further subdivisions are usually 

made on the basis of cytoarchitectonie and proposed functional considerations. The 

primary motor cortex is just anterior to the Rolandic fissure and is often combined with 

post-Rolandic primary sensory cortex as "central sensorimotor cortex", because of their 

close anatomical and functional relationships^^. Anterior to the motor strip, in Brodmann's 

areas 6 and 8 (figure 5, page 168) are regions thought to be involved in the higher 

organisation of motor activity; the premotor cortex (PMC) on the lateral convexity and the 

supplementary motor area (SMA) on the mesial and superior s u r f a c e s ^ ^  The premotor 

area contains the frontal eye fields, which are implicated in eye movement and in the 

dominant hemisphere, Broca's area, involved in the execution of speech. Inferior to the 

SMA, on the mesial surface and wrapped around the corpus callosum, is the anterior part 

of the cingulate gyrus, an integral part of the mesiolimbic system^^ Anteriorly and 

stretching to the frontal pole, is the agranular frontal cortex (prefrontal cortex), whose
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precise functions remain obscure, but where lesions produce pronounced deficits of 

psychomotor sequencing!^. On the inferior surface is the orbitofrontal cortex, also closely 

involved with the mesiolimbic system, especially in relation to autonomic activity 

Most research has attempted to relate seizure manifestations to these putative functional 

areas!.

It is important to consider the detailed structure and connectivity of these regions as these 

anatomical characteristics may be important determinants of seizure spread and seizure 

manifestations. Most anatomical research has been conducted in the monkey whose gross 

cortical anatomy is illustrated in relation to human anatomy in figure 6, page 169.

Current opinion!^ is of functional systems that incorporate both sequential, convergent 

processing and parallel processing components. Sanides!^ postulated two systems (figure 

7, page 170), evolving during phylogeny, to form the cerebral cortex. The hippocampal, 

archicortical moiety evolved through the cingulate cortex, predominantly to occupy the 

mesial cortex; the SMA in the frontal lobes and the supplementary sensory area in the 

parietal lobes. It is characterised by the presence of pyramidal cells in layer 5. The 

olfactory, paleocortical moiety developed through the parainsular area of the central sulcus 

to form the prefrontal association cortex and the second sensory areas for vision, hearing 

and somatic sensation. These areas are deficient of pyramidal cells but contain large 

numbers of granular cells.

Section 3b: Frontal intercortical connections

Figures 8-12, pages 171-173, summarise some major frontal lobe pathways. Within the 

frontal lobes, connections tend to be between cortical subdivisions arising from the same 

phylogenetic source, according to Sanides scheme. This also holds for longer interlobar 

connections; the periarcuate area of the monkey receives input from the first visual, hearing 

and somatosensory association areas, whereas the prearcuate, prefrontal cortex receives 

input from the second sensory association areas of these modalities. There is however, 

considerable integration of the two systems, e.g. reciprocal interconnections between the 

PMC and SMA. The overall picture is of flow of information from anterior in the frontal 

lobes to the precentral motor cortex, via two highly interrelated systems. They incorporate
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sensory information, projected forwards from the sensory cortex at the higher levels of 

sensory integration to the most anterior frontal lobes and lower levels of integration closer 

to the motor output cortices.

There are extensive topographic, interhemispheric projections through the corpus callosum, 

between the two frontal lobes. Double labelling studies show that these are both from 

neurons whose axons are exclusively interhemispheric and from neurons whose axons 

branch, to give a commissural fibre and an ipsilateral projection fibre^^. Moreover, the 

cortical columns receiving frontal interhemispheric inputs alternate with those receiving 

ipsilateral parietal fibres^^. These variations provide additional potential for interaction 

between the different regions of the brain in normal function and in the generation of 

seizure manifestations.

Section 3c: Frontothalamic and frontostriate connections

Subcortical projections to the thalamus and corpus striatum also vary from different parts 

of the frontal lobes. Different portions clearly project in a topographic fashion to the 

dorsomedial nucleus of the thalamus^^. The functional significance of these connections is 

not clear, but like the prefrontal cortex and unlike the thalamic relay nuclei, this part of the 

thalamus has multiple bi-directional connections with the corpus striatum and areas of the 

limbic system, which may theoretically be implicated in seizure spread.

Pathology exclusive to the basal ganglia is not generally associated with epilepsy and it 

seems unlikely that these structures play a central role in seizure genesis. Nevertheless, 

they are intimately connected with the cerebral cortex^^’̂ ®»̂ ! and may be important in 

modulating the expression of cortical outflow, and therefore, influence the clinical 

manifestation of seizure discharges. Basal ganglia lesions may produce movements similar 

to those seen in some seizures e.g. dystonie posturing and may occasionally cause 

neuropsychological deficit akin to a "frontal lobe syndrome"^^. Some older 

electrophysiological evidence in animal models also suggests a role for the basal ganglia in 

epilepsy^^, and in humans, early researchers proposed discharges in the basal ganglia in 

some epileptic subjects when none could be detected at the scalps. On the basis of these 

findings, lesioning of the basal ganglia was attempted in the treatment of epilepsy -
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although with little success^^. In a rat model, the substantia nigra, which has close 

relationships with the basal ganglia, has important modulatory influence on the expression 

of seizures from the highly epileptogenic "substantia tempesta" of the prepyriform cortex^^, 

but the equivalent site in man is uncertain.

Views of the structure of the basal ganglia and their relation to the cerebral cortex recently 

have undergone substantial revision. Current opinion suggests that there are anatomically 

segregated regions within the basal ganglia, each subserving a different loop from cerebral 

cortex to corpus striatum to globus pallidus to thalamus back to cortex. It is suggested that 

each loop receives input from several, related cortical regions and then projects back to a 

more restricted cortical target. Separate loops are postulated to be related to sensorimotor 

cortex, extraocular movements, dorsolateral prefrontal cortex, lateral orbitofrontal cortex, 

anterior cingulate cortex and possibly other regions. Outputs to the SMA are particularly 

prominent. This convergence represents a mechanism whereby cortical regions may interact 

without direct intercortical spread. Moreover, recent evidence suggests a role for the basal 

ganglia in limbic function^®. There are connections at various levels between the limbic and 

the motor components in the basal ganglia, which suggests possible extracortical sites of 

interaction, for example in the generation of motor automatisms. In discussing the 

generation of seizure manifestations, the involvement of subcortical centres must also be 

considered, particularly in motor seizures, which by definition manifest via descending 

pathways. Whilst not usually candidates for the origin of seizures, they may also modulate 

seizure spread via extracortical loops, for example the thalamocortical loop suggested for 

models of absence epilepsy^^.

Section 4: Clinical seizure localisation

The first clue to a focal seizure is its semiology. Numerous clinical manifestations have 

been observed in frontal lobe seizures (table 1, page 14). There are considerable problems, 

however, in localisation of seizures on the basis of some of these characteristics and 

sometimes it may even be difficult to differentiate epileptic from non-epileptic attacks.

Section 4a: Intrafrontal versus extrafrontal localisation

Focal electrical discharges result in clinical manifestations, at least partly related to the
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connectivity of the region involved^^. The major efferent connections of the primary motor 

cortex are relatively straightforward, somatotopic outputs to lower motor neurons, whose 

clinical activity is easily recognised. Seizures arising from this area cause the characteristic 

clonic motor progression identified by Hughlings Jackson, that bears his name^. However, 

seizures originating from other areas, with more complex connectivity, are less easily 

predictable. Moreover, where more than one area subserves a particular function, it may be 

impossible to localise seizure onset on the basis of a given clinical feature. For example, 

conjugate eye deviation can be elicited by direct stimulation from frontal, occipital and 

parietal lobes of the brain as well as cerebellum and superior colliculi and there are complex 

interactions between these regions^^.

Overlap with phenomena usually attributed to seizures arising in other lobes, occurs over a 

whole spectrum of clinical manifestations e.g. formed and unformed visual hallucinations 

from documented structural lesions of the anterior mesial frontal cortex^O, which would 

usually be attributed to more posterior sensory and association areas. A rising epigastric 

aura is said to be a characteristic feature of temporal lobe seizures, but epigastric sensations 

are also noted in frontal attacks^ possibly relating to the close intercoimections between 

these regions in the mesiolimbic system. Similarly, the close relationship between the pre- 

and post-Rolandic sensorimotor cortices means there is substantial overlap of their clinical 

seizure manifestations; numbness and tingling in the periphery^ and tonic posturing^^ have 

been reported from both regions.

Further to complicate the picture, there is evidence in experimental models, that seizure 

propagation may occur via non-synaptic mechanisms (reviewed by Yaari and Jensen^^)^ 

perhaps by activating fibres of passage through electrotonic coupling, changes in local 

electric field or ionic concentrations. This probably occurs most commonly in the 

hippocampus, where axons are very tightly packed, and is a mechanism by-passing normal 

synaptic transmission and allowing unpredictable activation of pathways and seizure 

manifestations. However, the clinical significance of these mechanisms remains uncertain.

Section 4b: Ictal motor activity

Motor activity is a prominent ictal manifestation of frontal lobe epilepsy^’̂ "̂ »̂ ’̂̂ .̂ This 

may include clonic movements; tonic seizures without clonic accompaniment^^; gross or
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semi-purposive motor activity and complex motor automatisms^^»^^»^. Head turning is

particularly common but Cotte-Rittaud and Couijon demonstrated it may originate from all

four lobes of the cerebral cortex^ However, in their study it was the initial manifestation

in 32 of 37 cases arising from the frontal lobe, but occurred later in the course of the

seizure in all of 20 temporal lobe attacks, in which head version was prominent. This
oP

suggests that head version is a result^involvement of extratemporal regions, either cortical 

or subcortical. It may, however, be difficult to differentiate seizure phenomena due to 

activity in the primary epileptogenic region from that which arises as a result of spread 

beyond it. For example, it has been demonstrated that propagation of discharges, via the 

uncinate fasciculus, between the lateral convexity of the frontal lobe and the temporal lobe, 

may occur in a matter of milliseconds'^^. Clearly, this is too fast for clinical observation to 

distinguish a primary from a propagated manifestation.

Motor activity is often the most obvious feature of a seizure to an observer. If the seizure 

onset is with a subjective manifestation e.g. a sensory manifestation, then the identification 

of this important early localising feature is dependent on the awareness of the patient at the 

time and his later ability to recall it. Equally, large parts of the cerebral cortex, including 

much of the frontal lobes, are "silent”, producing external manifestations only indirectly, via 

connections with other regions. Seizures arising in silent areas may erroneously be 

attributed to more eloquent regions "downstream" e.g. motor phenomena or vocalisation, 

occurring in seizures with frontopolar or orbitofrontal onset^^’"̂ ’̂̂ ,  perhaps reflecting 

pathological impulse propagation down physiological pathways.

Section 4c: M otor Automatisms

Attempts are made to classify ictal motor activity as simple or complex and make inferences 

regarding the localisational significance of each. Simple clonic jerks are associated with 

perirolandic recruitment to a seizure, but the more complex movements are thought to be 

qualitatively different in frontal and temporal seizures. Tonic postures, bicycling movements 

of the legs or striking movements of the hands are usually attributed to the frontal 

lobes'^»'^^’'̂ »̂̂ ’̂̂ .̂ Swallowing and orofacial movements are seen frequently, but not 

exclusively, in temporal lobe seizures'̂ ®»'̂ .̂ Some complex motor automatisms e.g. genital 

manipulation or gesturing have been noted during seizures originating from both frontal and
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temporal lobes^^’̂ .̂ However, studies using intracerebral EEG in some patients have 

suggested that certain automatisms only occur once there has been spread of the discharge 

to the temporal lobes"̂ »̂"̂  ̂which at first sight is counter-intuitive, since it is the frontal 

lobes that are especially involved in motor planning.

The differentiation of various forms of motor activity is unclear and a gradation of 

complexity is probably more appropriate. Nor is it clear the difference between ictal and 

postictal automatisms and whether this differentiation has any clinical significance. This 

study will be able to assess the statistical association of different automatic activities with 

frontal and temporal lobe seizures, and their timing within the progression of the seizure. If 

the motor pathways of the frontal lobes are not required for the execution of motor 

automatisms, then the output from temporal lobe may be via subcortical motor centres.

Section 4d: Intrafrontal localisation

Sublocalisation of ictal clinical features within the large volume of the frontal lobes has 

been attempted by Delgado-Escueta at al"̂  ̂and formalised in the ILAE classification^.

They propose tonic motor manifestations in SMA and dorsolateral frontal regions, 

associated with speech arrest and autonomic phenomena in the former and sexual 

automatism and pseudo-absence in the latter. Automatisms appear to be relatively less 

common in mesial SMA seizures than in dorsolateral frontal seizures in some series'^^’̂ »̂̂ ,̂ 

but have been noted frequently by Talairach et al from the cingulum^^»^^, on the mesial 

surface and also from the orbitofrontal cortex^^»^^*^ ,̂ although numbers of cases in all 

these series combined were less than the current study. Table 1 presents the manifestations 

attributed to different regions in the ILAE classification, showing the extensive overlap 

between them.

Delgado-Escueta et aH^ suggest anterior cingulate epilepsy resembles anterior temporal 

lobe epilepsy with atypical absence and prominent autonomic features, consistent with 

results of electrical stimulation of the cingulate cortex^"  ̂and its close connectivity in the 

limbic system^^. This pattern has also been reported in orbitofrontal attacks'*^. However, 

studies"^^’"̂  ̂have also emphasised a component of unilateral tonic motor activity seen in 

many cingulate and orbitofrontal seizures; evidence of substantial overlap of manifestations
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attribute to other frontal and even temporal areas.

Section 4e: Vocalisation and speech arrest

Vocalisation is said to be a common feature of frontal lobe seizures^^»^^»^, but is also seen 

in temporal lobe epilepsy^ and it is not clear whether there are qualitative differences 

between frontal and temporal vocalisations. Localisation within the frontal lobe is 

uncertain: there are some reports of successful frontal cortical resections for seizures in 

which vocalisation was prominent, but these were from frontopolar, supplementary motor 

or orbitofrontal regions, so providing little localising value"^ ’̂̂ »^V This may merely reflect 

the variety of pathways involved in vocalisation; a view supported by electrophysiological 

evidence, demonstrating the great variety of sites from which vocalisation can be elicited by 

intracranial stimulation, in man and animals^®’33»35,62

Equally, Delgado-Escueta et al^ ,̂ maintain that speech arrest is characteristic of temporal 

lobe attacks. This is, however, a very difficult symptom to define in spontaneous seizures, 

although described by Penfield and Jasper^ and is easier to elicit by direct cortical 

stimulation. In order that cessation of speech be due to higher language disorder and not 

due to an abnormality of the motor component of speech, the patient must be fully aware, 

have no demonstrable abnormal motor activity or ictal paresis of the mouth. This is very 

difficult to determine in the brief duration of a seizure but reports have suggested this 

phenomenon in relation to spontaneous and elicited paroxysmal activity arising from the 

frontal lobe, including from lateral premotor34»35  ̂and orbitofrontal cortices'^. Penfield 

and Rasmussenfi^ demonstrated that both vocalisation and speech arrest could be produced 

by stimulation of partially overlapping portions of the pericentral region of both dominant 

and non-dominant hemispheres.

Section 4f: Tempo of ictal activity

Jacksonian focal motor seizures manifest as a sequential activation of the peripheral 

musculature, over seconds to minutes, presumably reflecting a slow progress of the seizure 

discharge down the precentral homunculus, facilitating seizure localisation. However, 

other seizures may spread from a regional onset so rapidly that the attack appears 

generalised from the start, precluding localisation on clinical grounds alone. This pattern is
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seen in akinetic or tonic drop attacks^^»^^»^.

Frontal seizures are said to be characterised by sudden onset, short duration and rapid 

recovery. They are said to occur in clusters, particularly at night^^. Many of these features 

can be explained by the predominance of motor activity in frontal seizures. Seizures with a 

sensory onset will inevitably appear more gradual as the patient reports the sensation before 

there is spread to an observable motor attack. More posterior seizure types are 

characterised by frequent auras, which may cluster. This may be the sensory, simple partial 

seizure equivalent of clustered frontal motor seizures. Finally seizure types with no motor 

manifestations are only detectable in sleep by special monitoring equipment and their 

nocturnal frequency is, therefore, undetermined.

Moreover, not all frontal seizures are short and followed by rapid recovery; automatisms 

and confusional states are frequently seen in seizures arising from a variety o f frontal sites 

48,52-54 Epilepsia partialis continua, one o f the commonest highly focal, prolonged seizure 

types, is o f perirolandic origin.

This study will be able to address the issue of differences in these characteristics of tempo 

between frontal and other seizure types.

Section 4g: Non-epileptic seizures and consciousness

A hallmark of generalised tonic clonic seizures has been believed to be loss of 

consciousness. Although it has long been appreciated that, in absence seizures, loss of 

contact is dissociated from generalised motor activity^, it has only recently been 

recognised that bilateral motor activity can occur with preservation of awareness. So 

deeply entrenched was the belief that patients had to be unconscious during an epileptic 

seizure with bilateral movements, that signs of awareness during such attacks were, until 

recently, interpreted as indicative of non-epileptic seizures, resulting in inappropriate 

treatment and unnecessary stigmatisation. The pattern of such motor activity; often large 

amplitude, pseudo-purposeful activity e.g. bicycling of legs, rather than the typical, small 

amplitude, clonic movements of classical generalised tonic clonic seizures^^»^^»^ ,̂ has 

contributed to this error^^.

A problem in determining consciousness in epileptic seizures is that when an observer
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interacts with a patient during a seizure, he is dependent on intact sensory and motor 

pathways and internal processing to elicit an appropriate response. Any one of these may 

be disrupted by a seizure, resulting in apparent "impairment of consciousness". It is difficult 

to know whether this represents a disruption of a "central consciousness", or merely of its 

tools of communication's^ or at what level the two merge. Amnesia for the attack may 

make a patient retrospectively appear to have been "unconscious" even though he was 

aware at the time^. Similarly dysphasia, seen frequently in relation to seizures, alters the 

ability to comprehend and respond and may erroneously be interpreted as unconsciousness. 

The definition of consciousness and the dualist and materialist views of its relationship to 

brain function remain controversial^^»^^. If consciousness does have a discrete anatomical 

basis, then widely differing regions including frontalis and parietal cortices and 

interhemispheric structures^® have been proposed as important components of its substrate. 

In the field of epilepsy, Jasper^ ̂  suggested "loss of consciousness" in temporal seizures was 

only seen with bilateral spread. However, in 14 patients with stereotactic EEG recordings 

and stimulations^^, "loss of consciousness" occurred in 24.6% of unilateral temporal 

discharges with no measured contralateral spread, both in pure neocortical and pure limbic 

discharges. In frontal attacks, impairment of awareness appears to very variable; in pure 

motor seizures there is often complete preservation, but loss of awareness is dramatic and 

devastating in akinetic and tonic drop attacks, where frontal discharges are thought to 

generalise, almost instantaneously, across the corpus callosum.

Section 4h: Latéralisation of epileptic activity

The clinically significant primary motor cortex innervation of the musculature (except the 

upper face) is purely contralateral and this is reflected in primary cortex clonic seizures.

For other motor seizure phenomena, latéralisation is more difficult to determine. A 

number of studies have addressed the issue of latéralisation of head turning; estimates of 

supplementary motor area discharges responsible for contralateral versus ipsilateral head 

turning range from 33% to 1 Q0%^8,60,73,74,75 variation may be explained by the 

bilateral motor representation in the SMA^^’̂ .̂ There is little evidence to suggest 

latéralisation of non-motor epileptic phenomena in the frontal lobes, with the possible
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exception of peri-ictal dysphasia, lateralised to the dominant frontal lobe.

Section 4i: Summary

The above examples serve to illustrate the problems in trying to identify seizure patterns 

specific to the frontal lobes. Even differentiation from non-epileptic seizures may be 

problematic! Where epilepsy is diagnosed, localisation may be uncertain; fi-ontal lobe 

epilepsy may present with features more frequently associated with other lobes or present 

as a generalised epilepsy. Motor manifestations are arguably the most prominent and easily 

recognisable of all seizure manifestations, and as the major final cortical motor output is 

fi’om the fi-ontal cortex, seizures arising from other areas may spread into motor regions 

and appear to be frontal in origin. Bilateral cortical representation of many types of motor 

activity may make laterality of frontal seizures difficult to determine. Moreover, there 

appears to be considerable overlap between seizure phenomena arising in different parts of 

the frontal lobe.

The difficulties may reflect inaccuracies in our methods of localisation of epileptogenic 

cortex. However, the postulated interconnected, parallel and sequential processing, within 

the frontal lobes, suggested from anatomical and physiological studies^^’̂ »̂̂  ̂provide a 

substrate for blurring the effects of seizure discharges triggered from different regions. If 

the observable clinical effects of fi-ontal lobe seizures represent merely aberrations of a final 

common output pathway, with a limited repertoire of clinical manifestations, then it may be 

impossible, on clinical grounds alone, to recognise the individual signatures of the various 

"silent" cortical regions converging onto it.

Some differences can be determined, however, in the neuropsychological effects of 

variously sited frontal lobe lesions^^»^  ̂and in the electrophysiological properties of cells in 

different frontal regions^^»^® which may also, therefore, manifest in different seizure 

patterns; if not in different phenomena, then possibly in variations in the order in which 

they are recruited into the seizure.

In order to define the seizure manifestations that are characteristically frontal, it is vital 

therefore, not only to illustrate the shared features of FLE, as is done in post-surgical 

series, but also to show that they are different from epilepsy from other regions. For this 

reason, patients with frontal lobe abnormalities are compared to others with evidence of
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extrafrontal regional involvement, in the same experimental design in this study. This 

differentiation is also a key problem in clinical practice.

Section 5: Electroencephalographic localisation

EEG is the best established means of investigation of seizure dynamics. The EEG 

modalities used are: ordinary scalp recording; scalp recording enhanced by the use of 

special electrodes and intracranial recording. Each of these methods may be used 

interictally or ictally, the latter is usually combined with video recording of seizure 

semiology*

Central to the analysis of EEG is the "inverse problem". This theoretical limitation states 

that if the brain is considered a uniform volume, from which discharges may arise that are 

of any magnitude and with any orientation, then there is an infinite number of combinations 

of discharges that can give rise to any given surface EEG pattern. If these assumptions are 

correct, it is impossible to define the discharge generators from the surface EEG pattern, 

although in practice, valuable information can be obtained. In addition to this theoretical 

limitation, there are a number of physical problems in EEG recording, seen especially in 

frontal lobe epilepsy.

Section 5a: Scalp EEG

The major problems seen in scalp recordings are: attenuation of signal; artefactual 

interference; poor spatial resolution and inability to detect deeply sited discharges.

Scalp recordings are inevitably taken at a site distant from the electrical generator. The 

attenuation that follows means a large volume of cortex must be involved in the discharge, 

before it will register at the scalp. Moreover, an electric field that is oriented perpendicular 

to the skull may not be detected at the scalp on a bipolar recording. Therefore, scalp 

recordings tend be biased in favour of large, transverse electric fields, subjacent to the skull. 

Much of the frontal cortex lies in deep gyri or on the mesial or orbitofrontal cortical 

surfaces, where standard electrodes may fail to detect discharges. Increasing the number of 

electrodes*^ may improve the accuracy of localisation, but is very unlikely to uncover 

epileptogenic cortex undetected by standard techniques. Occasionally, supra- or
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infraorbital surface electrodes will detect orbitofrontal discharges, not seen with standard 

electrode arrays^^» '̂*.

Special semi-invasive sphenoidal electrodes have established a place in the investigation of 

temporal lobe epilepsy, but special electrodes for frontal seizures e.g. naso-ethmoidal 

electrodes for orbitofrontal epilepsy have found less general favour, as up to 40% of 

patients find them unpleasant, and the same information can almost always be obtained with 

non-invasive supraorbital electrodes^^.

Some frontal seizures may be without any abnormal surface ictal EEG accompaniment, or 

else the prominence of motor activity results in artefact that obscures the EEG. This has 

caused some specific diagnostic problems: first, the absence of EEG change lends support 

to the inappropriate diagnosis of pseudoseizures; second, there may be uncertainty whether 

a manifestation is a seizure or another disorder e.g. a primary movement disorder as 

originally suggested in the "nocturnal paroxysmal dystonia" of Lugaresi^^*^^- 

In studies of partial epilepsy with various locations, scalp EEG missed up to 50% of 

resectable cases^^»^^’̂ »̂̂ .̂ Of 113 patients with frontal lobe epilepsy reported from 

Montreal^^»^^, only 12% had focal interictal spiking and focal ictal abnormality was present 

in only 22% of 302 seizures recorded from 16 patients; the commonest problem being 

bilateral EEG abnormality from unilateral lesions.

Scalp EEG also has a false positive rate; causing multifocal or widespread epileptogenic 

cortex to be interpreted as unifocal, potentially indicating operations that would prove 

unsuccessful^^. Whilst this problem has also been recognised in FLE^^, it is less frequently 

a problem than is lack of specificity of the EEG in this region.

It is well recognised that the ictal scalp EEG may present with generalised discharges from 

the start of the seizure, without giving any clue to the region of onset. This pattern of 

"secondary bilateral synchrony" occurs especially from mesial frontal and cingulate 

g^cp5,36,57,61,62,94,95,96 and is seen particularly in those seizures that appear to be 

clinically generalised from the onset. These seizures often cause sudden falls and are 

particularly devastating for the patient. They frequently result in severe injury, which is both 

acutely harmful and associated with long term neuropsychological decline. It is a pattern 

for which investigators may resort relatively frequently to the use of intracranial EEG, in
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order to improve localisation. As discussed below, however, these techniques have their 

own limitations and may not achieve their aim.

Section 5b: Invasive EEG 

More invasive methods usually follow one of two conceptually and technically different 

routes. First, intracerebral, multiple contact electrodes may be placed stereotactically 

within the brain substance (SEEG). These electrodes typically detect discharges from up to 

5-10mm away, resulting in a high spatial resolution but sampling only very small brain 

volumes. This technique is used to address specific issues of localisation where there is a 

limited number of alternative hypotheses; e.g. electrodes may be implanted in both mesial 

temporal lobes, when discharges are known to be mesial temporal but latéralisation is not 

clear. It is suggested that SEEG, whilst helping in many of the uncertain cases, may make 

decisions more complex in others^^»^^ particularly in the frontal lobes, although in highly 

selected cases, has given useful localising information, where extracranial EEG was non

specific^^. It is important to note that most studies of intracranial EEG predate high 

resolution MRI and the role of intracranial EEG may change when MRI is evaluated fully. 

In the frontal lobes, targets are more difficult to select after conventional tests. The small 

volume sampled may result in the ictal onset being missed, unless very large numbers of 

electrodes are inserted, with their attendant risks. Even if the onset is detected, it may not 

be clear whether this merely represents one sample part of a much larger epileptogenic 

zone, as the electrodes may be considerably separated, in order to cover enough of the 

frontal lobes. Munari et al^^ used SEEG, including the frontal lobes, in 250 patients. They 

found that even with a relatively large number of electrodes, localisation was considerably 

less successful than in the temporal lobes. A clearer understanding is required of the 

clinical seizure types of frontal lobe epilepsy, if intracranial EEG is to be accurately targeted 

within the large volume of the frontal lobes, in order to answer the questions asked of it. 

Second, large electrode grids may be placed epidurally or subdurally to sample much larger 

volumes of cortex with less attenuation and without the interference of artefacts seen on 

the scalp EEG^^. In some series this has a higher morbidity than SEEG and may be more 

difficult to apply to mesial discharges and those located deeply in the sulci, which are
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amongst those causing the greatest diagnostic problems^®^. Van Veelen et al̂ ®̂  found that 

subdural electrodes were often inadequate to localise deeper placed discharges and some 

patients required a combination of subdural and intracerebral electrodes.

Another approach is detection of interictal spikes at operation by electrocorticography, 

which is relatively easier than preoperative implantation. Spikes were focal in only 12% of 

72 cases with probable frontal lobe epilepsy recorded by the Montreal group^^.

The increased spatial resolution of intracranial EEG, compared to scalp EEG, means that 

where it does detect a region, in which there is a consistent localised discharge, that 

precedes the clinical onset of the patient's habitual seizures, it is generally considered to 

have a much greater positive predictive value for surgical outcome than scalp EEG^® .̂ 

Conversely, where the clinical onset precedes the EEG changes, the value of the 

investigation is limited.

Section 5c: Special methods of EEG analysis

A number of methods of computer analysis of EEG are being evaluated in an attempt to aid 

localisation of apparently synchronous discharges using: phase differences; small 

(millisecond) time differences; dipolar seizure patterns and mutual information 

analysis^^»^®^»^ .̂ However, these are still experimental and undergoing evaluation. Some 

improve the yield of intracranial electrodes, rather than obviate the necessity of their 

insertion.

These examples illustrate that it is often in those instances where the clinical diagnosis and 

localisation are least certain, that the EEG is least contributory and additional investigations 

are required for seizure localisation. Early surgical series, that predate modem imaging, 

nevertheless suggest that the information from the EEG may have prognostic value^^^»^^ .̂

Section 6: Localisation by Imaging
Section 6a: Structural scans and their pathological correlates

In some cases partial epilepsy is clearly due to a focal structural lesion e.g. tumour^^, and 

frequently more minor pathological abnormalities may be found. Sclerosis of the mesial 

temporal structures is identified in up to 60-70% of temporal lobe specimens resected for 

surgery l̂»^^®»!^ ,̂ but there is no such uniformity in the lesions underlying frontal lobe



34

epilepsy. By far the largest series of pathology in frontal lobe epilepsy to date was 

described by Rasmussen in postoperative patients before the era of modem scanning 

techniques^. Of 250 cases, 63 were due to tumour, 90 had a clear history of major head 

injury or gunshot wound. Other rarer causes were birth trauma, encephalitis and gliosis, 

either with an identifiable cause e.g. previous abscess or discovered at operation, with only 

29 cases with unknown pathology. This represents a highly selected series and the 

incidence of clear-cut pathology is generally much lower, although a consistent trend 

appears to be for the frontal lobes to bear much of the brunt of cranial trauma and minor 

degrees of dysplasia have been recognised more frequently since this study was undertaken. 

Where there is a visible abnormality on a brain scan, whose location is consistent with other 

lines of investigation, the result is considered strong supportive evidence of seizure 

localisation, and the surgical success rate for seizure remission is greater where a 

macroscopic lesion is resected, than if epileptogenic cortex with no identifiable lesion is 

removed^ 3̂.

In one study computerised tomographic X-ray scans (CT) identified lesions in up to 65% 

of patients with refractory epilepsy 1̂ "̂ . However, many of these abnormalities were non

specific or non-focal and the number of diagnostically helpful CT scans, identifying focal 

lesions such as gliomas or hamartomas, is probably about 20%^  ̂ 117,118,119,120 xhg

yield from magnetic resonance imaging is higher than from CT and studies in the late 

1980's gave yields of around 50%, but detection rates are ever

increasing! 1̂ *11̂ * 121,122,123,124,125,126 xhis rate of detection applies even in milder cases 

of temporal lobe epilepsy, where the seizures are not refractory to medical treatment!^^, 

suggesting the presence of a visible lesion does not necessarily imply more severe epilepsy. 

MRI has found a particular niche in the detection of mesial temporal sclerosis!^!» !^^. This 

subgroup of temporal lobe epilepsy has an especially good surgical prognosis, with claims 

of detection rates of mesial temporal sclerosis (MTS) approaching 100% with the most 

recent, specially tailored MRI sequences!^^»!^^’!^^, 3-D image acquisition and the 

application of geometric principles of stereology to image analysis!^^. Calcification 

remains easier to interpret on CT at the moment, unless special MR sequences are used, but 

other abnormalities are better defined on MRl!25»126,129_
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Gross congenital disorders of neuronal migration e.g. lissencephaly, microgyria and 

pachygyria, have been recognised for many years as associated with mental handicap and as 

a potent cause of severe epilepsy^^®. These lesions are usually obvious on both CT and 

MRI 131. With the increasing sensitivity of MRI, in particular its ability to differentiate grey 

and white matter on T1 sequences, small neuronal migration defects have been recognised 

increasingly, in association with focal e p i l e p s y  132,133,134 These may be isolated 

abnormalities or part of a more general disorder e.g. tuberose sclerosis. The smaller 

lesions are certainly better seen on MRI than on CT. Focal epilepsy has been successfully 

treated by the excision of both isolated tubers and sporadic NMD's in otherwise normal 

individuals. One case of the latter is reported in the current study. The exact role of 

microcortical dysgenesis remains unclear, since it may have an appreciable background 

ratef35 (of the order of 2-5%) in normal individuals and autopsy studies have demonstrated 

focal, nodular abnormalities in the brains of up to 26% of normal individuals. They 

appear to be fewer in number than in patients with mild clinical abnormalities e.g. 

dyslexiaf36^ and differ in histological characteristics from the more severe forms of 

d y s p l a s i a ^ 3 5  There appears to be a particular predilection of these lesions for the frontal 

lobes in some seriesf37,138  ̂although in one series of MRI, the lesions of tuberose sclerosis 

were less reliably identified in the frontal cortex than e l s e w h e r e ^ 39. A golgi study showed 

dysplastic nodules to contain neurons with abnormal branching patterns radiating a 

considerable distance through the cortex, suggesting a microanatomical substrate for 

pathological cortical circuitryf'^O.

Section 6b: Functional isotope scans 

Structural scans provide static images of the brain, which need to be correlated with a 

dynamic test of abnormal cerebral activity, in order to assess their relevance to the patient's 

epilepsy. Conventionally the EEG has been used and this remains the most direct measure 

of epileptic activity, to which other modalities are compared. In recent years, however, 

functional imaging has been applied; positron emission tomography (PET) or single photon 

emmission CT (SPECT), mostly utilising markers of cerebral blood flow or glucose 

metabolism. The analysis of the scans produced is made complex by the very variables the 

techniques are designed to assess^"^ .̂ As well as limited spatial resolution, determined by
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the physical processes involved, the images are influenced by a temporal interaction 

between: (a), the dynamics of radioactive decay of the particle used; (b), the 

pharmacodynamics of the ligand-tissue interaction and (c), the fluctuations of cerebral 

activity according to whether cerebral state is ictal, postictal or interictal at the time of the 

injection.

Penfield^ noted focal hyperaemia of the cerebrum in seizures during surgery and this has 

been reflected in PET and SPECT scans, with increased isotope uptake in the ictal 

r e g i o n  1 ^ 2 ’ l" ^ 3  Conversely, most studies show interictal hypometabolism of the epileptic 

There is considerable variation^"^'^"^, however, with interictal scans 

being hypometabolic, isometabolic or hypermetabolic. The patients for whom these scans 

are used, usually have frequent seizures and are in a constant state of flux between ictal, 

interictal and postictal states. They also suffer frequent subclinical electrographic 

discharges. Variations probably relate to these confounding temporal factors. In addition, 

since the abnormality is either hypometabolic or hypermetabolic, according to ictal state, it 

is probable that vascular changes are secondary in the epileptic process.

Where abnormalities are seen on MRI or CT, the corresponding regions of abnormal 

perfusion on PET and SPECT are consistently more diffuse than or discordant with 

abnormalities on the structural scans^^^ and with the extent of the underlying pathological 

lesion^"^  ̂on histological examination.

It is likely that PET scans overestimate the cortex involved in epileptogenesis. 

Nevertheless, these scans are an extra tool in the preoperative assessment of investigations. 

Set against this is that the more tests are applied, the more likely it is for one or more to be 

discordant, so complicating preoperative assessment. In one study, of only 22 patients, 

PET appeared more sensitive than MRI in detecting of neuronal migration defects but

this was prior to the most recent MRI technology. PET and SPECT generally have 

lateralising rather than highly localising value and may identify abnormalities suggesting 

multiple epileptogenic regions in some patients, so saving them from unhelpful surgeryll^.

Section 6c: Magnetic resonance spectroscopy

The most commonly used MR scanning uses sequences weighted to identify normal and
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pathological anatomy. Magnetic resonance spectroscopy (MRS) has been applied to 

identify concentrations of various atoms or molecules within predetermined blocks of 

cerebral tissue^"^ .̂ These may be markers for functional abnormalities and their spatial 

anatomical information depends on the size and location of the block analysed: scan output 

is usually a concentration curve within this volume of cortex, rather than an image of 

anatomical distribution, because anatomical resolution is lower than with hydrogen, used in 

MRI, as the concentration of these molecules is lower and cannot give such accurate 

anatomical information.

Animal studies show that during experimental seizures there is an increase in glucose 

uptake!^®, a fall in phosphate bound to creatinine, with a corresponding increase in 

unbound phosphate, a rise in lactate and fall in pH, all consistent with increased metabolic 

activityl^l»!^^. Similar changes were seen in ictal MRS of human neonates^^^. To what 

extent abnormalities can be detected in the interictal period is unclear, but the animal 

studies suggested that the changes in lactate persist beyond the end of measurable EEG 

abnormalityi^"^.

The molecule N-acetylaspartate (NAA) is believed to be a marker for viable CNS neurons. 

MRS may be used to compare its concentration to that of a background molecule e.g. 

choline. In diffusely atrophic cortex, where all elements are similarly depleted, it is believed 

that the ratio of these molecules will remain unchanged, although overall concentrations 

will be lowered. However, in some sclerotic lesions, where there is selective neuronal loss, 

the ratio of NAA to choline will fall. The concentration of NAA was found to be low in 

resected epileptic temporal lobe tissue in one studyi^^, presumably representing neuronal 

dropout. The ratio was not, however, reduced for frontal lobe resections, which may have 

been because white matter was excluded from temporal but not frontal studies, so diluting 

the concentration of perikarya in the frontal analyses. One in vivo study examined volumes 

of 19,48 and 63cm3 of epileptic tissue in three patients and found low NAA to choline 

ratios, compared with normal controls^^^. However, these patients all had lesions on 

conventional structural MRI and it is unknown whether this biochemical change is also 

present in macroscopically normal anatomy. In MTS, the NAA:choline ratio is also altered 

in the affected hippocampus^^^ but again, this is usually in the presence of visible
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anatomical abnormality.

Section 6d: Imaging applied to frontal lobe epilepsy

Mesial temporal sclerosis accounts for a significant proportion of temporal lobe epilepsy 

and other defined pathologies; gliomas, angiomas, hamartomas etc. are also common^^. 

Well delineated pathology is less fi’equent in the frontal lobes^ and where scanning 

modalities have been applied specifically to frontal lobe epilepsy, the yield of MRI has been 

smaller 1̂ .̂ Swartz et al^^^ conducted a comparative study of imaging modalities in 22 

patients with probable frontal lobe epilepsy on clinical and electrographic criteria. They 

compared CT, MRI and PET for each patient and found that PET was the most sensitive 

test but the abnormalities were rather diffuse and it missed one astrocytoma, detected on 

MRI. The clinical relevance of these findings is not yet clear in this group of patients. 

Holmes^^ found that a major limitation of PET was in its ability to differentiate between 

fi-ontal and temporal epileptic regions - an area in which it would be clinically most useful 

to have differentiating test. Interictal HMPaO SPECT was also found to be rather non

specific in FLE^^i. Convers et al^^^ performed MRI on 100 patients with partial epilepsy 

and a normal CT scan. They found that in TLE, 36% of patients had imaging 

abnormalities, but only 5.9% of patients with FLE. They used a 0.5 Tesla magnet whose 

yield may be lower than newer, more powerful scanners. More recently on a !.5 Tesla 

machine with volumetric techniques, abnormalities have been found in 80-90% of CT 

negative cases, and subtle frontal cortical dysplasia appears to be a relatively common 

patteml^^. In some cases, visual inspection of the scan does not demonstrate definite 

pathology, but special analytical techniques e.g. fractal analysis of the grey-white interface 

may suggest regional abnormalities^^'*.

6e: Summary

Structural imaging provides a valuable adjunct in seizure localisation, MRI consistently 

being more sensitive than CT. With modem scans, the yield of focal abnormalities may be 

up to 80-90%, but the significance of the more subtle abnormalities remains to be 

established. Functional isotope scans show more diffuse abnormalities of limited use, in 

planning focal surgery, but may be helpful in selected cases, suggesting multifocal areas of
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epileptogenesis. New scan modalities e.g. MRS are still under evaluation.

Section 7: Neuropsychological localisation

Neuropsychological deficit may give supportive evidence of focal neurological dysfunction 

consistent with other methods of localisation of abnormalities especially in ascertaining 

latéralisation of speech and memory functions^^^*^^.

One of the most regular findings of fi*ontal lobe lesions is emotional change, varying fi-om 

profound apathy and inertia, to lability and euphoria^^^. Another common feature is 

perseveration, which may be so severe as to make other deficits very difficult to assess. 

Pribram^ ̂  hypothesised the limbic frontal cortex is particularly involved in attentional 

behaviour whilst SMA and PMC are implicated in different facets of motor control. The 

basis of much of this work is in animal models, although many features e.g. attentional 

deficits are similar in man. Major pathology in the frontal lobes may, however, produce 

only minor deficits in humans until the lesion is very l a r g e a n d  minor lesions are easily 

missed. Studies show that in humans and animals, large unilateral or bilateral resections 

from SMA, may cause only minor and transient abnormalities^^^»^^^. Brown^^^ suggested 

that the SMA is more involved in the initiation of actions whereas the PMC is concerned 

with the fine control of their execution, under sensory feed back. Even in highly selected 

patients, with relatively precise fi-ontal lesions, it has, however, been difficult to confirm any 

major clinical differences between SMA and PMC lesions^^^.

There is some evidence that left hemisphere lesions tend to have more effect on speech and 

right sided lesions cause more emotional deficit^^^, although dysphasic abnormalities may 

be seen in lesions of either hemisphere and equally may be absent after bilateral prefrontal 

leucotomy. Unilateral lesions anterior to the primary motor cortex, may also cause 

ipsilateral, contralateral or bilateral motor deficits^^^.

Bianchi found characteristic deficits in patients with frontal damage, but there was no 

difference between those with and those without epilepsy^^^. In many cases of frontal lobe 

epilepsy no macroscopic lesion has been recognised and the nature of neuropsychological 

deficits may be even less clear-cut.

Therefore, precise localisation of neuropsychological deficits within the frontal lobes
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remains uncertain in most cases. Simple motor deficits suggest more posterior 

involvement, in the primary motor cortex, whereas more complex abnormalities of motor 

planning and sequencing in response to multimodal sensory cues, dysphasia and emotional 

changes, point to more anterior problems, but it is difficult to be more specific. 

Nevertheless, it remains important to demonstrate any widespread extrafi'ontal deficits, 

which may imply broader involvement in pathology or seizure activity, than was suggested 

by other investigations. These deficits may be secondary to high antiepileptic drug dosages 

or other factors in some cases, but the degree of localisation of neuropsychological 

abnormality has been suggested to be an independent factor in the prediction of seizure 

remission after surgery!®^ and the putative functional properties of the frontal lobes and the 

nature of ictal clinical manifestations, may give some insight into the mechanisms of 

transient derangement during seizures.

Section 8: Surgical localisation
Section 8a: The background to epilepsy surgery

The last fifty years have seen an evolution in epilepsy surgery, pioneered at the Montreal 

Neurological Institute by Penfield and his colleagues^. Since then numerous series of 

temporal lobe surgery have been publishedl®»^^»!^»!!^. The assessment of surgical 

outcome depends on a variety of factors, including patient selection and timing of the 

postoperative assessment and is defined differently in different centres. However, 

applying Engel's^®, (table 2, below) classes 1 and 2 as favourable outcomes, most 

investigators report successes, for temporal lobe surgery, in the region of 60-80% for 

appropriately selected patients, with optimal techniques currently available. Frontal lobe 

epilepsy surgery is more unpredictable; series are much smaller and report successes in the 

region 2 0 -4 0 % 173,174,175,176 xhis leaves 60-80% of those operated, let alone the

larger number undergoing extensive and sometimes invasive investigation, without 

significant benefit.
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Table 2. Classification of postoperative seizure outcome from Engel^^

Class 1 : Seizure-free Completely seizure-free since surgery

Auras only since surgery

Some postoperative seizures but seizure-free at least 2 years

Atypical generalised seizures with drug withdrawal only

Class 2: Rare seizures Initially seizure-fi*ee but now rare seizures

Rare seizures since surgery

Initially some seizures but rare for at least 2 years

Nocturnal seizures only

Class 3: Worthwhile 

improvement

Prolonged seizure-free intervals for more than half the follow-up 

period but not less than 2 years

Other worthwhile seizure reduction

Class 4: No worthwhile 

improvement

Significant seizure reduction, but less than class 3.

No appreciable change

Seizures worse

The fundamental aim of epilepsy surgery is to identify a localised region of cerebral cortex 

that is both crucial for the development of a patient’s seizures and non-essential for normal 

functioning, such that removal will relieve the seizures without causing significant 

neurological deficit. For each patient evidence of the suitability of surgery is taken fi-om the 

clinical seizure description, EEG, imaging and psychological investigations. Resective 

surgery is most likely to be successful when these are concordant in pointing to a single, 

well-localised and non-essential region of epileptogenic cortexl^^.

The limitations of each of these methods of seizure localisation has been discussed. Most 

studies of investigations in the pre-surgical assessment of epilepsy patients, compare the 

yield of one test against another and suffer from the lack of correlation with a yardstick that 

is of unequivocal relevance to the processes of epileptogenesis; they usually fall back on the
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success of surgery itself being used as the standard.

Once epileptogenic cortex has been identified, it remains unclear exactly how it should be 

approached surgically. The issues are further confounded as the relief of seizures by 

surgery is measured differently in different c e n t r e s T h e r e  are two easily defined groups 

(figure 3, page 166): those patients permanently seizure-free after surgery and those for 

whom surgery was of no help. Between these two extremes are several other groups more 

difficult to define: those in whom seizures gradually disappear; those whose seizures recur 

after varying seizure-free intervals and those with partial seizure relief. For these patients 

the interval after which surgery is assessed, will affect the apparent outcome, as illustrated. 

Even the seizure-free group is usually taken to include those patients with persistent 

auras^O. This may be a pragmatic approach to treatment, and it is not clear whether 

occasional persistent isolated auras indeed represent continuing epilepsy, but it may imply 

that surgery had an ameliorating effect on seizure generating cortex, rather than completely 

removing it. Moreover, the clinical characteristics of postoperative seizures usually 

resemble those of preoperative seizures in patients who relapse^^^. If the early seizure 

characteristics represent focal seizure onset in the primary epileptogenic cortex, then how 

did surgery relieve the seizures, yet leave these behind? The definition of a disease process 

by its response to treatment also leads to a fundamentally flawed, circular argument and it 

may be that in some successful cases surgery interferes with the expression of a seizure 

diathesis rather than eliminating the underlying process.

Section 8b: Surgical approaches to epilepsy

The retrospective, uncontrolled, Mayo Clinic study of 30 macroscopic, epileptogenic 

lesions, suggested that pure lesionectomy, with minimal clearance of surrounding cortex, 

can be as successful as more extensive resection^^^ and others suggest that resection of a 

lesion is a more powerful prognostic indicator than resection of the associated cortical EEG 

abnormalityl^^. Seizures were relieved even though the tissue removed was almost 

exclusively non-neuronal and could not participate directly in the seizure activity. 

Conversely, in one case of focal epilepsyl^^, a postcentral cyst causing mechanical 

deformity anteriorly was seen on CT scan, but the epileptogenic cortex, as assessed
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clinically and intraoperatively by electrocorticography, was in the SMA. Resection of the 

discharging area was successful in relieving seizures, even though the lesion was left in situ. 

This is, however, rare; many operations guided by EEG and away from a known structural 

lesion are unsuccessful 182,183 Penfield and Jasper^ and Rasmussenlfl^ found in some 

cases of limited resection, a second more extensive operation was required, to remove "a 

fringe of apparently epileptogenic cortex”, before the patient eventually became seizure- 

free. More recently, a study of re-operation after unsuccessful first operations for focal 

epilepsy showed the best outcome was where there was extension of previously incomplete 

removal of a macroscopic lesion or non-lesional epileptogenic cortexl^.

In recent years the operation of stereotactic selective amygdalohippocampectomy has been 

practised in some centres for temporal lobe epi lepsypart icular ly in the dominant 

hemisphere, when it is feared a more extensive operation may cause substantial 

neurological deficit. Intracranial EEG in manl^^ suggests that temporal lobe seizures 

usually spread to contralateral structures and generalise via the amygdalohippocampal 

formation and not directly from temporal neocortex. Consequently, highly restricted 

pathways via the hippocampus and amygdala may be largely responsible for the early 

propagation of specific seizures^^. The selective operation appears to have a similar 

outcome to more extensive surgery in appropriately selected patients This mesial 

temporal location may represent a special case; no single pathway has so far been 

demonstrated to be responsible for any type of frontal seizure and the more extensive 

interconnectivity of the frontal lobes make it less likely that any will be discovered. 

However, an example of surgical seizure treatment by division of fibres, without neuronal 

resection, can be seen in frontal lobe epilepsy. Where it remains impossible to localise the 

origin of synchronous discharges arising in the frontal lobes, a therapeutic approach is 

section of the corpus callosum. This procedure may be effective, not only in preventing the 

propagation and bilateral manifestation of the seizures, but may also reduce the partial 

seizures that trigger theml^^»!^^. It is unknown if this is purely a white matter effect or 

whether secondary neuronal degeneration after axonal transection may play a role. The 

clinical improvement may occur even though the procedure does not entirely eliminate the 

electrical manifestations of secondary bilateral synchrony. Isolation of the hemispheres
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after callosotomy may also allow EEG localisation of the primary epileptogenic lesion 

whose spread is now restr ictedfaci l i tat ing regional surgery, not previously possible.

In an experimental model, propagation of secondary bilateral synchrony may occur via the 

thalamus as well as across the corpus callosum^^, possibly explaining persistence of 

bilateral synchrony after corpus callosum section, but the clinical importance of this in 

seizure spread in humans, is unclear.

Electrocorticography (ECoG) may be used at operation to delineate the most epileptogenic 

cortex for removal. However, the correlation between the intensity of residual ECoG 

spiking after cortical resection and the final outcome of surgery is 

There are numerous, well described patients, in whom there was significant post-resection 

spiking, who became seizure-free; spiking of the insula is a particularly poor indicator of 

outcome after temporal lobectomyl^^. Rasmussen^^^ argued that there may be secondary 

epileptogenic regions that spike on ECoG, whose activity declines after the removal of the 

primary epileptogenic zone, explaining the reduction in seizure activity seen in some 

patients in the first few years after operation.

Late recurrence of seizures is being increasingly recognised after epilepsy surgery and their 

clinical pattern may be identical to that seen preoperatively^®. In one study of 24 frontal 

resections, 50% were initially seizure-free but one third of these later relapsed Thus 

despite resection of neural tissue and interruption of pathways, producing remission for 

several years, the same seizures can recur in the absence of the neurons previously thought 

essential to this clinical pattern. The same arguments of circuits underlying seizures, which 

may be triggered from multiple sites, may be used to explain this phenomenon. When the 

primary epileptogenic region is removed, secondary sites may take over the role of 

activation of the circuit.

In general terms, the choices of operation include: extensive cortical removals; local lesion 

resection with minimal neuronal removal; removal of discharging cortex, leaving the lesion 

in situ-, or even just axonal section to interrupt pathways of seizure propagation, without 

excision of grey matter. The success of these operations is the accepted standard of
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epilepsy localisation. Yet it has major problems: the relationship of the treatment to the 

underlying seizure mechanism may well be different in each kind of operation; even from 

one type of operation it is difficult to explain the different outcomes in pathophysiological 

terms, without casting major doubt on the gold-standard and it applies only to a tiny 

minority of patients with epilepsy. The use of this method has been particularly 

unsuccessful in frontal lobe epilepsies, where surgery has the poorest success rate.

The starting-point of seizure analysis is the identification of clinical seizure patterns and the 

assessment of the reliability with which they can be attributed to specific cortical regions. 

This project aims to address these issues, especially in relation to epilepsy of the frontal 

lobes, using techniques that avoid the preconceptions and biases of previous post-surgical 

series.
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Methods

The study was in 2 sections. The largest was an analysis of partial seizure types in a 

hospital-derived population. The second was an analysis of partial seizure types in a 

general population, using data from the National General Practice Study of Epilepsy^.

H ospital Study  

Clinical data collection

Patient selection

Patients for the hospital study were selected on the basis of epilepsy with strong evidence 

of focal onset in one or more of the following modalities, excluding those with 

characteristics of occipital seizures which are the subject of another study at our 

institution!^^. Occipital seizures are relatively well defined, with specific clinical 

symptomatology and relatively infrequently cause problems of classification, in contrast to 

the major clinical problem of differentiation of frontal and temporal epilepsies.

1) A demonstrable focal epileptogenic structural lesion on CT or MR scan.

2) An ictal EEG recording suggesting focal electrographic seizure onset

3) An interictal EEG showing focal paroxysmal spike activity. Other less specific 

EEG disturbances e.g. focal slow wave activity were not included.

4) Clinical ictal onset with highly focal activity, according to current concepts^.

This excluded cases with evidence of partial onset but only poorly localising 

symptoms e.g. isolated abdominal or cephalic sensations and no other more specific 

evidence of focal onset on investigation.

These selection methods were designed to include a broad base of patients from general 

neurology as well as specialist epilepsy practice. Because a proportion of patients may 

have focal seizure manifestations without any abnormalities on investigation, not to 

include this group would artificially restrict the study. Its inclusion does, however, risk 

the selection criteria introducing a bias in the analysis of seizure patterns. In order to 

offset this risk, it is important to note that those selected according to EEG or imaging 

criteria were chosen irrespective of associated seizure pattern. In addition those chosen
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according to clinical criteria were included irrespective of the site of any lesion or EEG 

abnormality identified subsequently. Unlike post-surgical series, selection criteria were 

independent, with concordance deliberately not considered in the initial selection, so it 

could be assessed later in relation to the identified seizure patterns.

Initially all cases identified in each of the categories searched were included in the study. 

Subsequent searches focused on individuals with focal structural lesions in the frontal 

regions in order to have the greatest number to enter into statistical analysis of lesion 

sites.

Patient identification

The CT reports of the Maida Vale branch of the National Hospital are classified according 

to the nature of pathology involved; those pertaining to cerebral abnormalities were 

searched for those with frontal or temporal lesions and a history of epilepsy on the request 

form. The number of CT scans performed at the Queen Square branch of the National 

Hospital is much greater and it is not feasible to extract those with cerebral lesions and 

epilepsy, either manually or from the computerised database.

All MR scan reports of the Queen Square Imaging Centre, since its inception in 1983, 

were searched for patients with focal lesions, other than occipital, and a history of 

epilepsy.

All patients were identified, who had undergone video-EEG-telemetry (VET) at The 

National Hospital and in whom a diagnosis of focal epilepsy was made on the basis of 

electrophysiological or clinical features.

Reports of all routine EEG records of the electrophysiology department over a period of 

2 years prior to the start of the study were searched EEG's with focal spikes, other than 

occipital. Any patient satisfying the above criteria in the previous 2 years was also 

identified fi'om inpatient and outpatient records of the epilepsy unit of the National 

Hospital and the Chalfont Centre for Epilepsy.

During the course of the study, colleagues continued to refer to the study, newly 

identified individuals who conformed to these criteria.

A total of 431 patients were identified. Of these 252 were included in the study. Reasons



48

for non-inclusion and the numbers involved are shown in table 3 below. For each of the 

groups identified in the results, the proportions selected according to the different criteria 

will be included and may be compared to the group as a whole, in order to highlight any 

possible selection bias. In addition to a witnessed seizure history, minimum investigative 

requirement for inclusion was an interictal EEG and CT scan or just neuroimaging if it 

contained strong localising evidence in the form of a foreign tissue lesion.

Table 3: Reasons for non-inclusion in the study

Reason for non-inclusion Number of patients

Change of address or unable to telephone 112 (26%)

Patient declined to participate 31 (7%)

Patient died 10 (2%)

Total 153 (35.5%)

Of the 278 patients successfully contacted, 26 were excluded, mostly because no accurate 

eye-witness account of their seizures could be obtained. Four cases were excluded 

because the patient had been seizure-free for more than 2 years and it was felt that time 

may have eroded the accuracy of the seizure description. Four others were excluded 

because re-examination of their CT scan or EEG did not support the focal abnormality 

that had been their original criterion for inclusion.

Patient contact

Initial recruitment of patients was by a postal request. If there was no response, a second 

letter was sent and finally patients were contacted by telephone to request participation in 

the study. Forty-four patients (17%) were notified to the study during the course of an 

admission to hospital and were interviewed at that time. In most cases (88%), I 

conducted interviews in person, but where this was not possible, for personal reasons, the 

interview was conducted over the telephone.

Patients were excluded unless an independent, eye-witness account of their seizures could
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be obtained. Thus, in all cases an independent description of seizures was available. 

Where this was from the patient's friend or relative, patients were encouraged to bring this 

person to the interview. Where this was not possible, I obtained the eye-witness account 

later by telephone.

In 176 cases an eye-witness account was obtained, in 26 cases only video-telemetry 

recording was available and in 50 cases both were available.

Patient Interviews

A proforma for a structured interview was designed specifically for the study (appendix 1, 

page 235). This comprised 2 parts; a section relating to personal and family medical 

history and previous investigations, and a section devoted to the description of each 

seizure type for that patient. The details of each seizure were collected in 3 phases. First, 

a closed questionnaire relating to the frequency and timing of seizures, including diurnal 

variation and tendency to cluster. Second, an open section in which the patient and then 

the witness were invited to give a sequential account of seizure manifestations. Finally, a 

closed section administered as a "checklist" of possible seizure manifestations, to make 

sure none had been missed.

Some patients reported more than 1 seizure type (table 4 below). Often there was 

evidence that one type represented an evolution of another seizure type, in which case the 

seizure was classed as a single type e.g. a patient with frequent auras and relatively 

infrequent complex partial seizures (CPS) that were always preceded by the same auras. 

The seizure was then recorded as its fullest expression, which was felt to be of most 

relevance in the analysis of seizure spread by sequential manifestations. Where a seizure 

habitually became generalised, this was included in the description of the characteristic 

seizure, but where secondary generalisation was rare, this was not included. Equally, 

generalised seizures were only considered separately where there was no evidence of the 

patient's habitual partial seizure prior to secondary generalisation. Three hundred and 

fifty-two discrete seizure types were documented in 252 patients.
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Table 4: Numbers of seizure types for each patient

Number of discrete seizure types Number of patients

One seizure type 167 (66%)

Two seizure types 70 (28%)

Three seizure types 15 (6%)

Total 252

Video-telemetry analysis

Video recordings of seizures were analysed and broken down into sequential occurrence 

of manifestations, corresponding to those in the questionnaire. Non-uniformity of seizures 

was treated as above, and in most cases was attributable to minor variations of an 

underlying pattern. Major discrepancies between telemetry and questionnaire data were 

rare; in one case a witness described posturing only of the right arm, whereas telemetry 

showed only involvement of the left arm. In such cases, telemetry data were accepted 

over questionnaire data (see questionnaire validation below).

Clinical Data Recording

The manifestations were divided into groups shown in table 5 below. The individual 

manifestations and their group definitions were coded in 7 categories, from 0-14, 

according to whether and when they were first observed to occur in the seizure. The 

coding provided an ordinal measure of the sequential occurrence of manifestations in 

relation to other events during the seizure, but was not strictly related to their time of 

occurrence.
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Table 5. Definitions of symptoms and group definitions used in statistical analysis

M anifestation Description

Physical Non-specific cephalic or whole body sensations

Abdominal Nausea, rising epigastric or other abdominal

Experiential Deja vu, jamais vu, forced thought, flashback or other non- 
hallucinatory distortions of reality.

Emotion Fear, depression, elation, anger
Visual hallucination Formed or unformed hallucinations
Auditory hallucination Auditory manifestation unrelated to background noise

Olfactory hallucination Olfactory sensation

Gustatory hallucination Gustatory sensations
Non-Jacksonian
somatosensory

Focal sensations e.g. tingling without clear gradual 
anatomical progression

Jacksonian
somatosensory

Focal sensations with clear gradual anatomical progression.

Focal clonic Clonic activity without clear gradual anatomical progression

Jacksonian clonic Clonic activity with clear gradual anatomical progression
Version / posturing Head turning or maintained postures of the limbs, excluding 

generalised hypertonia.
Generalised hypertonia Simultaneous hypertonia of all 4 limbs.

Simple automatisms Involuntary repetitive movements e.g. tapping, plucking of 
clothes, bicycling or scissoring of legs.

Behavioural
automatisms

Complex acts performed without apparent awareness e.g. 
undressing or exploratory behaviour.

Oroalimentary
automatisms

Swallowing, chewing or other complex oral movements, 
excluding facial involvement in tonic or clonic movements.

Verbal vocalisations Apparently involuntary speech

Non-verbal
vocalisations

Other involuntary noises e.g. shouting, crying, laughing, 
singing. Non-specific moans and grunts were excluded.

Vegetative
manifestations

Changes in colour, pupils, respiration and pulse.

Objective awareness The objective responsiveness of the patient to interaction 
during the seizure.

Subjective awareness The ability of the patient to recall external events or seizure 
manifestations, after the end of the seizure.
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Questionnaire validation

The questionnaire was very comprehensive; <1% of the manifestations observed in the

352 seizures in the study were not covered by a specific question. The use of the

groupings above allowed any very unusual symptoms e.g. bizarre automatisms, to be

included in the analysis. A random selection of 13 of patients, in whom both telemetry

and witnessed descriptions were available, was analysed for concordance of all objective

seizure manifestation variables measured. In each case, the description given by a

witness and the telemetry data were encoded separately onto the numerical part of the

questionnaire and these were then compared for each patient. Most manifestations

included in the questionnaire do not occur in any given seizure but all variables, whether

positive or negative, were included in the cluster analysis, hence all were included in the
»3

validation. Only 10% of the 780 variables encoded for the ^  patients differed between 

the 2 situations (table 6 below) and in nearly half of these, the difference was one of 

timing than rather than of occurrence. There were manifestations both reported by 

witnesses and not seen on telemetry and vice-versa; although, there were more instances 

of the latter. This variability is well within the expected variation of habitual seizures and 

supports the value of the questionnaire and reliability of the coding method.

Table 6. Differences in seizure variables between telemetry and witnessed seizure 

accounts

Type of Difference Number of variables

Manifestation on telemetry but not witnessed 32 (4.1%)

Manifestation witnessed but not on telemetry 12(1.5%)

Difference in encoding of manifestation =1* 26 (3.3%)

Difference in encoding of manifestation > 1 8 (1%)

Total 78 (10%)

^Represents a difference in timing of sequential occurrence of one stage, between 

telemetry and witnessed description.
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Statistical analysis of clinical data

Questionnaires were stored in "Dataease” database software on an IBM-compatible 

personal computer. Files were exported in "Lotus 1-2-3 format" to "SPSS-PC+" and then 

to "SPSS-X" for analysis. This facilitated checking of exported files for errors and 

missing values before translation into "ASCII" format for statistical analysis by SPSS.

Cluster analysis

This is a syndromic analysis of seizures rather than of patients. Each seizure type, rather 

than each patient, was therefore, entered as a separate case in the statistical analysis; 

patients with more than 1 seizure type were entered more than once. The variables 

included in the cluster analysis are shown in appendix 2, page 241. Cases of complex 

partial status epilepticus were excluded fi*om this analysis because analysis of sequence of 

manifestations was not possible with this type. In some cases variables entered in the 

analysis were the group categories of manifestations, rather than individual manifestations. 

If the number of variables in the analysis were too large, this would degrade the data and 

no groupings would ever be found. A further problem with statistical analysis is the 

weighting of data to allow for related variables. For example, swallowing and lip 

smacking automatisms are more closely related to each other than they are to clonic jerks 

and it would be inappropriate for the analysis to treat all three as equidistant. In order to 

minimise these problems, categories of variables were analysed, using groupings of related 

symptoms. The aim of these modifications was to use existing knowledge in order to 

enhance data entry and make the cluster analysis as clinically meaningful as possible. It is 

important to appreciate that whilst these modifications may be viewed as seeding the data 

with preconceived relationships, these are kept to a minimum, are consistent with current 

literature, and are applied equally to all cases in the analysis. Notwithstanding the 

groupings, the number of variables used, at 52, was still large. The localising value of 

some symptoms e.g. olfactory aura is greater than for others e.g. cephalic aura^. This 

would require weighting of data in the analysis but meaningful weights can only be 

attributed, if there is an outcome measure of the analysis against which to calculate them, 

which was not available in this study. For this reason the cluster analysis could be seen as
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generating general groupings; the aggregation of cases into ever larger clusters was 

stopped prior to achieving the minimal reasonable number of groups, and final groupings 

were created by the combination of statistically defined groupings. Because this final 

definition required some recombination of those derived fi’om the cluster analysis, 

independent validation was sought (see validation section below).

Ward's method was used, utilising squared Euclidean distances for intervariable distance. 

It is an agglomerative technique; the analysis starts with number of clusters equals number 

of seizures (346), then combines them into progressively fewer groups until, ultimately 

all the seizures are combined into a single large group. The coefficient of clustering 

relates to the distance between the two groups being combined at that stage, representing 

the magnitude of the differences between them. As the number of groups becomes 

smaller, progressively more dissimilar groups are combined and the coefficient rises 

rapidly. Graphical examination showed that the coefficient of clustering started to rise 

rapidly (seen as increasing gradient on figure 1 below) if the seizures were combined into 

fewer than 13 clusters, suggesting that the minimum reasonable number of groups was 

approximately 13.

Accordingly, 1 selected a level of 25 groups at which to perform manual analysis, 

combining the groups into a smaller number, finally resulting in 14 groups, each 

corresponding to an overall seizure type.

The sequence of manifestations for each seizure type and the numbers of seizures 

following a particular sequence were represented on flow charts. Subgroups of each type 

were represented by colour coding on the charts.
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Figure 1: Cluster coefficient for different numbers of groups

(The higher the coefficient, the more dissimilar the two groups just combined to make one 

less total number of groups)
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Validation of cluster analysis

Individual seizure manifestations were compared between those patients with lesions 

restricted to the frontal lobes and those with lesions restricted to the temporal lobes. This 

provided an analysis separate to that derived from the statistical cluster analysis, which 

identified those clinical manifestations of significant localising value between frontal and 

temporal lobes, one of the most important clinical differentiations, and supported the 

choice of variables in the definition of clinical groupings.

Validation of cluster analysis was at 2 levels; internal validation of the statistical technique 

and external validation of the results. Two methods of internal validation were used: first 

a random sample of 176 cases (50%) was taken and reclustered according to the same 

statistical method and compared to the original cluster analysis; second the whole group 

was clustered using a different technique "Quick-cluster" on SPSS-PC+, specifying the 

number of clusters as 25. In the first method, 65.5% of cases reclustered to the same 

groupings and in the second 62%. The number of cases that would recluster to the same 

groups by chance is a function of the number of groups and their size; for example with 

two equally sized groups, 50% of cases would necessarily recluster together.
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For 25 groups, however, the number would be much smaller and, therefore, a figure of 

over 60% is highly significant. Previous studies, usually using smaller numbers of groups 

have quoted acceptable validation figures o f40-70% For external validation the

association of well-defined seizure types into the same groups was assessed; absences 

without focal features; atypical absences; tonic-clonic seizures without focal features and 

Jacksonian sensorimotor seizures. These types were defined and segregated by the cluster 

analysis with an accuracy of 89%. Manual modifications to the cluster analysis were 

predictable in terms of the varibles included in the analysis. For example; olfactory and 

gustatory seizures were combined into one group and generalised tonic, tonic-clonic, and 

clonic seizures were recombined into subgroups of one overall grouping. Jacksonian 

clonic seizures and isolated jerks were separated into different groups because the cluster 

analysis had not identified them separately, because of the absence of a seizure duration 

variable.

Interictal scalp EEG analysis

At least 1 interictal EEG was available for 226 (89%) of patients. Some were assessed 

from paper records, but the majority on microfilm. The number of patients with different 

numbers of EEG's is shown in table 7, below.

Table 7. Number of interictal EEG's available for each patient

No. of EEG's 0 1 2 3 4 5 6 7

No. of patients 23 (9%) 106 (42%) 69 (27%) 33 (13%) 15 (6%) 3 (1%) 3 (1%) 1

The number and location of the first 100 spikes were assessed on all available interictal 

EEG's for each patient. This gave a good sample size and for most patients included all 

interictal spikes. Other EEG manifestations were not assessed and spikes occurring 

during overbreathing were excluded, as these may not be representative. This provided a 

standardised means of assessing interictal abnormality, which though not strictly random, 

minimised bias. Spikes only were assessed as these are relatively well defined according
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to standard criteria^^^, whereas other abnormalities e.g. slow waves, are not specifically 

epileptic and may be influenced by drug treatment and the nature of the underlying 

pathology. Spikes were classified as focal, regional, unilateral, bilateral, widespread or 

generalised, according to criteria in table 8 below. EEG's were recorded using the 

international 10-20 system, on occasion supplemented with additional electrodes, usually 

placed between standard electrodes, for greater resolution. Assessment of spike 

distribution in these cases was nevertheless made with reference to standard electrodes, to 

ensure comparability between cases.

Table 8. Definition of interictal EEG spike distributions

Distribution Definition

Focal Maximal at a single electrode with minimal spread

Regional Maximal at 2-4 neighbouring electrodes

Bilateral Symmetric, maximal at 1-4 electrodes on both sides

Hemispheric Maximal at >4 electrodes on one side of the head only

Widespread Asymmetric, involving many electrodes on both sides

Generalised Symmetric generalised discharge

Twenty-four (10%) patients' EEG's were re-analysed from 3 to 15 months after initial 

measurement to obtain intra-observer variation statistics. No EEG reported to have no 

spikes in the first analysis was found to have spikes in the later analysis or vice-versa. The 

total number of spikes found differed between analyses by less than 10 in all but one case. 

The mean difference between the 2 assessments in the proportion of spikes in the most 

important focal group was 4% (SD 7%), and was similar in other groups. Most 

importantly, where focal spikes were found, there were no differences in their 

localisations between assessments. Regional spread was measured in terms of groups of 

electrodes involved, rather than putative anatomical structures underlying the discharge 

and there were some minor differences in the electrodes deemed involved in regional or 

less focal discharges, between the assessments.
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Ictal EEG assessment

Ictal scalp EEG's were available in 77 patients; in 74 obtained during video-telemetry 

recording, enabling correlation with clinical manifestations and in 3 obtained by 

serendipity during routine EEG recording, without accurate timing of clinical 

accompaniments. Telemetry recordings were made with 24 channel EEG and 

computerised recordings, usually utilising the standard 10-20 system, supplemented with 

superficial or deep sphenoidal electrodes. In a few cases unusual electrode placements 

were added and abnormalities were again related to standard electrodes to facilitate 

comparison between cases for the purposes of the study. Where possible, EEG onset was 

related to clinical onset and the interval between the 2 was noted. The distribution of 

EEG onsets was described as in table 8 above, the temporal relationship to clinical onset 

and the pattern of discharge was also recorded, using definitions similar to those 

described by Quesney and Gloor^^^ their review, however, they combine the pattern 

and distribution of EEG abnormality into a single statement regarding accuracy of 

localisation e.g. "precise focal onset comprises attenuation then fast activity from a 

narrowly defined area of the scalp". In the analysis of ictal EEG's, these variables were, in 

the first instance, measured separately, although in discussion, their relative significance in 

accuracy of localisation will be considered. Evolution of the EEG changes through the 

seizure and the nature and location of postictal EEG change were also recorded. Where 

more than one EEG pattern was associated with the same clinical seizure type in a given 

patient, the number of seizures with each pattern was documented and the most localised 

and earliest EEG onsets are emphasised. This ensures that each seizure in the study is 

only represented once, although it may tend to bias slightly the results in favour of 

patients with fewer recorded seizures, as inevitably, the more are recorded, the more 

potentially variable may be the EEG pattern observed.

Ictal EEG analyses were compared to detailed reports prepared by a Consultant 

Neurophysiologist; there were no major discrepancies.
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Analysis of neuroimaging 

CT Scans

Abnormal CT scans were documented in 51 patients. As a result of the method of case 

selection, scans were performed at various times on different machines with different 

parameters and a method of stereotactic lesion mapping was required that took this 

variation into account. The technique used, was modified from previous methods relating 

CT to bony landmarks^^^’̂ ^ . A copy of the brain template was taken from the standard 

atlas of Talairach and Szikla^®  ̂ and measurements were made of its maximum transverse 

and longitudinal dimensions and of the distance from the superior margin of the petrous 

temporal bone to the skull vault. The maximum transverse and antero-posterior (A-P) 

dimensions were measured in the candidate scan, from the slice with the widest and 

longest sections of brain and multiplication factors obtained to superimpose the scan onto 

the template. The height of the vault was measured from the lateral scout image, where 

available, and the vertical multiplication factor likewise calculated, from which the 

interslice distance for the template was calculated. These separate calculations for each 

brain, in all 3 dimensions, allowed adjustment for individual variation in brain shape.

On the CT scan, the slices passing through the superior orbit and through the superior 

petrous temporal bone were identified. From the interslice distance and the number of 

slices between these 2 bony landmarks, the slice orientation could be judged and the slices 

mapped onto the template in relation to the same landmarks. Subsequent slices were 

plotted parallel to these initial slices according to the interslice distances, calculated 

previously. Slice orientation was checked by eye against that on the scout image, where 

available.

In the minority of CT scans with no lateral scout image, the interslice distance was 

estimated from the number of slices between that passing through the superior petrous 

temporal bone and the highest image available. As the slices approach the top of the 

skull, their A-P length decreases; the ratio of length of the top slice to the maximum A-P 

length was used as a measure of the position of the top slice in relation to the top of the 

skull vault. The slice angle could then be measured as above.

The lesion was mapped onto the equivalent slice of the template for each slice on which it
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appeared on the scan. Distances were measured from the most anterior visible brain 

structure and from the midline on the scan slice and multiplied by the previously 

calculated factors and drawn onto the template (appendbc 3, page 242).

The earliest scan available was used for patients with progressive lesions, as this most 

likely represented the origins of the patient's earliest seizures. For non-progressive 

lesions, the clearest scan available was used and in all cases, the maximum extent of the 

lesion was mapped, including perilesional oedema.

Using the grid references on the template, the lesions could be mapped to different 

cortical gyri on the corresponding whole brain slices in the stereotaxic atlas. The 

involvement of different gyri was then related to functional regions, using a standard 

definitions^®^. Correlation of a similar template technique, utilising Talairach's atlas, with 

the most recent MRI delineation of anatomy has suggested a residual anatomical 

variability of only 5-10mm in the position of major sulci^® ,̂ confirming the accuracy of 

the technique. Lesions were coded according to the extent of involvement of each region: 

Grade 3: >50% involvement of the region or a small lesion entirely within the region 

(heavily involved); Grade 2: 10-50% involved (partial involvement); Grade 1: 1-10% 

involved (possible involvement); Grade 0 = uninvolved.

M agnetic resonance imaging
1) Standard images

Standard images were performed using coronal and axial slices with a sagittal scout image 

on 0.5 Tesla or 1.5 Tesla machines. CNS landmarks were identified and the relationship 

of the lesion to these analysed utilising the stereotaxic atlas as a guide. In most cases the 

position of the lesion could be read directly from anatomical structures on the scan. The 

superior frontal gyrus and its junction with the precentral gyrus are readily identifiable on 

axial slices and allow localisation of convexity lesions. The corpus callosum, cingulate 

cortex and supradjacent mesial frontal structures are easily seen on coronal images. Some 

images from the 0.5 Tesla machine were more difficult to interpret, but the position of 

each slice could easily be judged by comparison of prominent landmarks e.g. ventricular 

or corpus callosum morphology, related to the stereotaxic atlas and the site of the lesion
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then calculated. Lesions on MRI scans were mapped onto templates from the atlas of 

Talairach and Szikla^^^ to facilitate visual comparison with CT scan lesions (appendix 4, 

page 243).

2) Special scan techniques

a) Volumetric studies 

MRI was performed by Dr Mark Cook and Dr John Stevens on a GE 1.5 Tesla Signa unit 

(GE Medical Systems, Milwaulkee, USA). Volumetric imaging was performed in the 

coronal plane, using a spoiled gradient echo technique. Contiguous 1.5mm slices were 

obtained over the entire head, with a 35/5/1 (TR/TE/NEX) pulse sequence, flip angle 35 

degrees, matrix size 256x128. This generated approximately 120 satisfactory images. 

Imaging time for this sequence 9.5 minutes. In addition, routine sagittal T1 (500/10/2 

TR/TE/NEX, axial T2 (2800/90/1 TR/TE/NEX) and proton density weighted (2800/30/1 

TR/TE/NEX) series were obtained. All these studies had a 5mm slice thickness and a 

2.5mm interslice distance. Spatial presaturation was employed. Field view was of 24cm, 

matrix size 256x192 for routine studies. Total scanning time was 40 minutes.

The volumetrically acquired images were then reformatted in optimal planes to view 

abnormal cortical structures. In addition, hippocampal cross-sectional areas were 

measured on each slice and hippocampal volumes were calculated as described in detail 

elsewhere^^^. Anatomical structures were extremely well visualised on these scans and 

the location of foreign tissue lesions was easy to correlate, directly from the scan, with the 

atlas. In some cases no foreign tissue lesion was seen but there were abnormalities of the 

cortical ribbon, with simplification of the grey-white interface, probably representing 

developmental anomalies e.g. neuronal migration defects, milder but akin to those seen in 

lissencephaly.

b) Magnetic resonance spectroscopy

A pilot study of magnetic resonance spectroscopy was performed on a Siemens 1.5 Tesla 

machine by Dr Mark Cook and Professor D Gadian. The technique was applied to 10 

control subjects and to a group of 9 patients with seizure patterns, attributable to the 

SMA according to the ILAE classification and no abnormality on CT or ordinary MRI. A
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scout image was obtained then a voxel of 8cm^ (2*2*2cm) was applied to the medial 

frontal gyrus, using the anterior border of the paracentral lobule as its posterior margin, 

thus within the supplementary motor area and this was repeated for the other hemisphere. 

Spectra were obtained from this region, using a flip sequence of 90-180-180 and 

relaxation times TE=135ms and TR=1600ms and the water spectra were suppressed. 

Results were analysed both in terms of absolute signal intensities and ratios of N-acetyl 

aspartate (NAA)/creatine and NAA/creatine:choline.

Validation of lesion analysis

A random sample of 20 scans (12 MR and 8 CT) was selected and lesion location 

assessed by inspection by Dr John Stevens, consultant neuroradiologist, who was blinded 

to the previous assessment. On the 12 MR scans there was complete agreement on the 25 

regions graded 3 in each scan, although there was a difference of 4 regions (20%) graded 

2 and of 5 regions (40%) with possible involvement (grade 1). A similar pattern was 

observed in the 8 CT scans, the template method tending to suggest more regions of 

possible involvement, but with differences in grade 3 lesions of 2 out of 18 regions. It is 

to be expected that agreement is less on CT than on MR on which anatomical landmarks 

are more clearly seen and, since the slice angles of CT varied by as much as 70 degrees 

between cases, anatomical localisation by visual inspection is sometimes veiy difficult. It 

was also the policy of this study to be over-inclusive rather than under-inclusive in 

defining lesion sites in order to maximise the significance of any associations discovered 

and the primary assessment was always more extensive than the radiologist's validation.

Statistical analyses

Although isolated involvement of the hippocampus was seen relatively frequently, most 

extrahippocampal lesions involved 2 or more cerebral regions. To assess whether 

particular characteristics, e.g. seizure duration, were significantly associated with 

particular clinically defined seizure groups, chi-square analysis was used of the group 

population against the remainder of the study population. As a large number of analyses 

was performed, a significance level was set at P<0.001, in order to minimise accidental 

statistcal associations. Chi-squared analysis was used to assess whether involvement of
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particular regions was significantly associated with clinically defined seizure types. Yates 

correction was applied where numbers were smalP^.

General population study of partial seizures

Details of the methods of data collection of the NGPSE have been described 

elsewhere'^’̂ ^^’̂ ^ . My involvement was at the level of data analysis, especially of partial 

seizure types. In summary, 275 general practitioners notified the coordinating centre of 

all patients, of over 1 month old, in whom a new diagnosis of definite or possible 

epileptic seizures was made, during a 3 year prospective recruitment phase. The practices 

were located around the country in both urban and rural areas, to avoid demographic 

sources of bias. Patients were followed up by the study at 6 months then at yearly 

intervals. Follow-up at the time of analysis was from 4 to 7 years. Details of hospital and 

specialist assessment and results of investigations were also obtained. The study 

population is thus an unselected cohort of patients with newly diagnosed epileptic 

seizures, identified at general population level, in whom comprehensive clinical details 

have been obtained. Considerable emphasis in the design of the study was placed on 

avoiding the sources of selection bias, in the identification of the study group, and in 

obtaining comprehensive clinical data from primary and secondary care sources; and the 

study has been uniquely successful in these regards.

A total of 1195 patients were notified to the study and these were classified by a panel as 

described previously^. Of these, 104 were excluded because of previously diagnosed 

epilepsy or neonatal seizures and 79 were diagnosed as non-epileptic paroxysmal disorder, 

most commonly syncope or psychogenic episodes. A further 220 had febrile convulsions, 

and 197 had possible but not definite epileptic seizures. The remaining 594 patients were 

classed as having definite epileptic seizures and are included in this analysis. This 

represents a small increase in the number of definite cases of epileptic seizures in the 

NGPSE since previous reports^®^’̂ ^  because of reclassification of some previously 

uncertain cases, in the light of new data. Seizures were classified into generalised and 

localisation-related categories, according to the International League Against Epilepsy 

(ILAE) classification of epilepsies and epileptic syndromes by the study paneP. This
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Study concerns patients with clinical evidence of partial seizure onset, including both those 

whose seizures remained focal and those with generalisation from a focal origin. Since 

patients were not all interviewed prospectively, the clinical data could not be as detailed 

as that obtained in the accompanying hospital-based study. Nevertheless, using a 

simplified classification employing key features defined in the main study (summarised in 

table 48, page 230), it was possible to define 6 reproducible categories of clinical seizure 

onset with intra-observer and inter-observer consistency of 90% and 95% on a sample of 

42 cases (16.7%). Four categories were considered classical anatomical regions: frontal; 

temporal; parietal and central sensorimotor, and 2 "overlap categories": frontotemporal, 

including seizures with both frontal and temporal features that could not clearly be 

allocated to one anatomical region, and posterior, with combinations of features 

attributable to the occipital, parietal or posterior temporal lobes.

Interictal electroencephalograhic (EEG) abnormalities and lesions on computerised 

tomographic scan (CT) were related to these seizure patterns, to assess concordance 

between modes of investigation. EEG abnormalities were considered focal only if there 

was localised spike or sharp wave discharge; isolated slow wave abnormalities were 

excluded. Only where CT abnormalities were clearly focal; e.g. tumour or focal atrophy 

were they included. Where CT or EEG crossed anatomical boundaries, they were 

categorised into that region where the abnormality was maximal. Investigations were 

considered discordant where there was clear separation of different modalities e.g. a 

frontal lesion with a temporal seizure pattern, but not a parietal lesion with a posterior 

seizure pattern. In some cases, the clinical seizure pattern was unlocalised but EEG or 

CT strongly suggested a focal abnormality. These cases were not included in the clinically 

defined partial seizures, but are included in the analysis of investigative abnormalities as 

an important, "clinically unlocalised, localisation-related" subgroup.

Aetiological factors were identified from the history or investigations and classified as 

definitely significant where there was clear causation; probably significant, where data 

were suggestive but not conclusive or of uncertain relevance. For example, remote 

cranial trauma was considered definitely significant where there was clinical or imaging 

evidence of permanent cerebral damage, probably significant where there was a history of
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skull fracture with transient neurological impairment but of uncertain relevance where 

these factors were absent.

Seizure frequencies were measured for the last available year of follow-up, or for the 

entire follow-up period if survival was less than 1 year. Patients were classified as 

seizure-free if there was a minimum of 2 years without seizures at last assessment.
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Results
Clinical seizure groupings

Fourteen clinical seizure groupings were identified and form the basis of these results. The 

sequence of manifestations for each clinical seizure pattern identified in the study is shown 

in flow charts (figures 14-27, pages 176-189). Seizures sharing similar patterns with 

minor variation are illustrated by colour coding in the charts. The conventions used are 

illustrated in the schematic flow chart, figure 13, page 175. The nature of automatisms 

occurring in each group is shown in table 35, page 192. Additional data for each group 

concerning: a) average seizure frequency; b) maximum seizure number in 1 day; c) 

tendency to cluster; d) seizure duration; e) postictal duration; f) frequency of a prodromal 

phase; g) frequency of secondary generalisation and h) types of vegetative symptoms are 

presented graphically in appendices 5-12, pages 267-305, to allow easy comparison 

between groups and the additional distinctive clinical features of each group are 

summarised in table 13, page 77, at the end of this section.

Group 1; olfactory/gustatory and fear behaviour (figure 14, page 176)

This group contained 31 seizures in 30 patients. Fifteen seizures were characterised by 

profound fear and epigastric sensation. Most had no specific prior manifestations, but in 

4, sensory auras of various types occurred. In all except 1 case, fear led to "fear 

behaviour"; objective evidence of fear including verbal expressions of fear, appropriate 

facial expressions and clutching observers for emotional support. In half the seizures this 

was followed by rapid recovery, but a variety of motor manifestations ensued in the 

remainder.

Two cases, in which fear was associated with olfactory and gustatory auras are in group 

lb, classed with other seizures characterised by similar auras. These auras were also 

frequently associated with other sensory modalities and with epigastric sensations. The 

commonest evolutions of these seizures were to absence (44%), then usually to motor 

activity or sometimes directly to tonic posturing, without obvious preceding absence.

One case with prolonged olfactory and gustatory seizures, lasting days, without evolution, 

is reported in detail in the enclosed p a p e r ^ 0 7
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A prodrome was common in both subgroups (reported in 13 cases), occurring more 

frequently than in other groups (P<0.005, Yates correction). No specific seizure triggers 

were identified. Profile of average seizure frequencies was similar to other groups, 

median 1-4/ month. Other characteristics of seizure timing; seizure duration; postictal 

recovery time; diurnal variation; tendency to cluster and maximum seizure frequency were 

similar to other groups and between subgroups, and two cases in subgroup la  had 

experienced seizure frequencies in excess of 100/day. Colour change was noted in 19 

cases, much more commonly than other groups (?<0.001) and 7 of the 15 cases in the 

study, in which a pupillary change was reported, fell into subgroup la  (P<0.001, Yates 

correction). Pulse change was noted in 3 cases by the patient or observers. Incontinence 

was not reported in this group.

Eight cases in subgroup la spoke early in the seizure, expressing their fear with varying 

degrees of coherence; a very high incidence of verbal vocalisation (P<0.001, Yates 

correction) and 1 other gave a cry. By contrast, there were only 2 vocalisations in group 

lb; one verbal and 1 non-verbal. Secondary generalisation was similar between the two 

subgroups and was significantly less likely than in other groups (P<0.001, Yates 

correction), 19 of 31 cases never having experienced generalised convulsive seizures. The 

incidence and pattern of automatisms were unremarkable (table 35, page 190).

Group 2; absence without specific warning (figure 15, page 177 )

Absences without warning or with non-specific physical or abdominal auras accounted for 

57 (16%) of seizure types in 54 patients. In 14 seizures, the features were clinically 

indistinguishable from classical petit mal; no warning, immediate recovery and no focal 

features. These seizures were also extremely short, 11 of 14 lasted less than 30 seconds. 

Twelve other cases with no warning had a rapid but not instantaneous recovery and ten of 

these were also in the subcategory with no aura. There were no other major differences 

between the subgroups in seizure evolution. Although the commonest progression was to 

simple automatism, it accounted for only 35% of cases. Immediate progression to 

version and posturing or behavioural automatisms were also observed relatively 

frequently. No cases with a physical aura progressed to posturing, but this group was
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small. Episodes were reported to be only or predominantly during waking hours in 39 

seizures (68%), much more frequently then in other groups (P<0.001), on falling asleep or 

awakening in 4 and showed no particular diurnal pattern in the remainder. A prodrome 

was reported in 11 seizures - a similar proportion to the whole study group. Triggering 

factors for seizures were suggested in 19 (33%), but were generally non-specific, mostly 

sleep deficit and general stress. There appeared to be a clear susceptibility to startle 

stimuli in 2 cases.

Distribution of average seizure frequency (median 5-15/ month) and maximum seizure 

frequency (median 3-5/day) were similar, in all subgroups, to the study group as a whole. 

Apart from subgroup d -"clinically typical absences" - the pattern of seizure duration did 

not differ from the rest of the study as a whole. Vegetative symptoms were reported 

somewhat less frequently from the shorter seizures (7 of 25 cases) but did not differ 

markedly from the other groups (appendix 12, page 302). Secondary generalisation from 

absence to tonic or tonic clonic seizures occurred frequently in only 3 cases (5%), 

somewhat less often than in other groups (P<0.025). Vocalisations and oral automatisms 

were present with similar frequency in subgroups 2a-2c; vocalisations were generally 

verbal, with singing in 1 case and laughing in 2 cases.

Group 3; experiential (figure 16, page 178)

Thirty-three seizure types (9.4%) in 30 patients were characterised by initial occurrence of 

experiential phenomena. The commonest seizure evolution was to absence, seen in 15 

cases (45%) of which 8 then recovered rapidly without further manifestations. Evolution 

directly to tonic posturing occurred in 12 cases (36%), of which 10 developed other 

motor manifestations.

Non-specific prodromal symptoms were reported in 9 cases (8 in subgroup b). Suggested 

triggers were non-specific in most cases, although 5 of 12 cases in the whole study noting 

an exacerbation by alcohol fell into this group. Average and maximum seizure 

frequencies tended to be less than in other groups and there was less inclination towards 

seizure clustering. Most seizures (76%) were exclusively or predominantly during 

waking hours. Seizure duration showed an unremarkable pattern, median 1-2 minutes.



69

with no difference between subgroups. There was a bimodal distribution of duration of 

postictal recovery, rapid recovery occurring more frequently after seizures progressing to 

absence, than those progressing to version/posturing. Vegetative symptoms were 

common in this group; pupillary alteration reported in 4 cases, second commonest after 

group 1, and colour change noted in 15 cases (45%). Vocalisations comprising attempted 

speech were seen at the onset of 5 seizures. Frequency of secondary generalisation was 

similar to other groups.

Group 4; early visual manifestations (figure 17, page 179)

Sixteen seizure types in 15 patients were characterised by visual symptoms at the onset of 

the seizure, as tabulated below.

Table 9. Nature of visual manifestations in group 4

Pattern of abnormality Number of cases

Unformed visual hallucination 4

Formed visual hallucination 6

Micropsia / macropsia 3

Other visual distortion 3

The commonest pattern of observed abnormalities was an absence, associated with oral 

automatisms and progressing to posturing/version, irrespective of the nature of the visual 

abnormality. In 2 seizures, however, the tonic movements did not appear to be preceded 

by an absence phase.

A prodrome was reported in 5 cases and no specific triggers were identified in this group, 

although some associations with stress and sleep deficit were suggested. Average seizure 

frequency (median 5-15/month), tendency to cluster and maximum seizure frequency 

were similar to other groups combined. Seizure duration showed a narrower spread than 

in other groups, ranging from 30 seconds to 5 minutes, but group size was small. The 

overall pattern of recovery was unremarkable, but all 5 seizures with recovery in under
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30 seconds comprised absences without motor progression and all 4 taking longer than 5 

minutes had prominent motor activity or automatisms. Pallor was observed frequently 

(11 cases) but other vegetative symptoms were uncommon. Secondary generalisation was 

relatively uncommon in this group, although not significantly different from other groups. 

Confused speech was noted in 4 seizures, as the patient was going into an absence and in 

3 continuing through the absence, taking the form of expletives in one case.

Group 5; auditory hallucination (figure 18, page 180)

Two patients (0.8%) had a clear auditory hallucination at the onset of their seizures and 

their clinical and investigative characteristics are shown in table 10 below.

Table 10. Characteristics of seizures with auditory manifestations

Clinical feature Case 1 Case 2

Inclusion criterion Telemetry MRI

Average frequency 5-15/month 16-30/month

Maximum No. in 1 day 1 20

Tendency to cluster No pattern Clusters predominant
Prodrome Never Never

Diurnal pattern Only waking Mostly waking

Seizure duration 2-5 minutes 1-2 minutes

Postictal duration 5-20 minutes 5-20 minutes

Triggers None None

Objective awareness Sudden loss Sudden loss

Other seizure types None None

Interictal EEG Normal Normal

Ictal EEG Bitemporal Normal during aura
Scan Normal CT, MRI N/A Anterior temporal; dysembryoplastic 

neuroepithelioma?

Group 6; hypotonic (figure 19, page 181)

Six seizures (1.7%) in 6 patients were akinetic drop attacks, without specific prior 

warning. The evolution of the seizures varied in this small group, 2 cases developing ictal 

motor activity after the initial hypotonic collapse and a further case with postictal 

automatisms. These seizures were uncommon, median frequency 1-6/year, although
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tending to cluster in 2 patients and with a maximum ever seizure frequency ranging from 

1 to 7 per day. No prodrome or triggers were reported. Seizures were usually short, 

median seizure duration 10-30 seconds and rapid recovery was seen in 2. Vegetative 

symptoms, including incontinence were uncommon. All patients with seizures in this 

category also experienced seizures in other categories.

Group 7; early version or posturing (figure 20, page 182)

Seventy-four seizures (21%) in 69 patients fell into this group, in which version or 

posturing were either the first manifestation of the seizure or else preceded by non

specific symptoms, for example cephalic sensations. Progression to other motor 

manifestations occurred in 78%, simple automatisms being the commonest sequel to 

posturing (40%). By contrast, behavioural automatisms were uncommon (9%). A 

prodrome was seen only in those patients who also had an aura and occurred with similar 

frequency to other groups. Prodromal symptoms were typically non-specific fatigue, loss 

of concentration and irritability, sometimes with associated pallor. Of 18 patients with 

seizures induced by startle stimuli, 9 fell into this group (P<0.005), including all 

subgroups.

The average seizure frequency was not significantly different from all cases combined and 

was similar between subgroups. There was a tendency for the maximum frequency of 

seizures to be higher than in other groups, although this did not reach significance. This 

high seizure frequency was most apparent in the group with no warning, 3 cases (8%) 

having experienced over 100 seizures per day. The overall tendency to cluster was no 

different from the sample as a whole and showed no difference between subgroups. The 

duration of seizures suggested a bimodal distribution; 29 seizures (39%) under 30 seconds 

duration, 18 of these in the "no warning" subgroup, representing 46% of that group 

(P<0.01). Postictal duration also showed a bimodal distribution; an accentuation of the 

pattern seen in the whole study group. Although instantaneous recovery occurred only in 

those seizures without any warning, recovery in under 30 seconds was seen in many cases 

in all subgroups.
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The frequency and pattern of vegetative symptoms corresponded to those in the whole 

study group as did the frequency of secondary generalisation. In 9 seizures, awareness 

was maintained, including 4 of the 8 with instantaneous recovery. In a further 9 cases 

there was a discrepancy between objective and subjective measures of awareness such 

that the patient was able to recall events during the seizure despite being reported as 

"unconscious" by an observer, compared with 26 cases in the study as a whole.

Group 8; focal somatosensory (figure 21, page 183)

A focal sensory onset was reported in 26 seizure types (7.4%) in 26 patients, in 12 of 

whom there was a typical Jacksonian progression. Of the 20 in which the seizure evolved 

further, the commonest progression was to tonic posturing and head version (13 cases). 

Jacksonian clonic motor activity was seen 5 cases, and occurred in both Jacksonian 

sensory and non-Jacksonian sensory subgroups. A Todd's paresis was observed in 5 of 9 

cases that had experienced focal clonic activity at any point in the seizure, irrespective of 

whether this was obviously Jacksonian and in 1 case with Jacksonian sensory onset that 

had evolved to tonic activity but not focal clonic activity. Automatisms were uncommon 

and mostly simple in type (table 35, page 190), exploratory behaviour occurred in only 1 

case.

A prodrome was reported in 3 cases. Five cases showed clear sensitivity to startle stimuli, 

all progressing to tonic activity. Average seizure frequency (median 1-4/month), 

tendency to cluster, and maximum seizure frequency were similar to the study group as a 

whole, and without marked variation across subgroups. Diurnal variation was similar to 

other groups, with 5 patients commonly waking from sleep to experience their aura. 

Seizure duration appeared to show a bimodal distribution, very brief seizures (<30 secs) 

occurring in 11 cases (42%). There was no evidence to suggest that any particular 

pattern of seizure evolution was shorter than the others. In 9 cases, recovery from the 

seizure took longer than 5 minutes and 6 of these were explained by Todd's paresis; other 

aspects of recovery were generally rapid. Vegetative symptoms were noted in only 7 

cases, less frequently than in other groups (P<0.005, Yates correction) and vocalisations 

were also rare. Secondary generalisation occurred with similar frequency to other groups.
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Group 9; focal paresis (figure 22, page 184)

Two patients had seizures characterised by paresis of a body part. Their clinical and 

investigative features are shown in table 11, below.

Table 11. Characteristics of seizures with focal paresis

Clinical feature Case 1 Case 2

Inclusion criterion CT scan MRI

Average frequency 1/year 5-15/month

Maximum No. in 1 day 1 6

Tendency to cluster Evenly spread Predominantly clusters

Prodrome Never Never

Diurnal pattern Waking only Waking only

Seizure duration 30-60 seconds <10 seconds
Postictal duration <10 seconds <10 seconds

Triggers None None
Objective awareness No loss No loss

Other seizure types None Jacksonian motor and sensory

Interictal EEG Normal Not available

Ictal EEG Not available Not available

Scan abnormality Lateral prefrontal to 
premotor infarction

Widespread atrophy over 
superolateral convexity

Group 10; complex partial status epilepticus (figure 23, page 185)

Six patients had habitual seizures consistent with complex partial status epilepticus 

(CPSE). Five patients also experienced other seizure types. In all cases there was a 

gradual onset of confusion and agitation, in 3 associated with directed aggression. 

Average frequency was lower than in most categories, median 7-12/year. The duration 

and lack of clear onset and end to these seizures make clustering, diurnal variation, 

maximum seizure frequency and postictal phase difficult to assess in this group. 

Vocalisations were present in all 6 and comprised attempted speech, with verbal abuse, 

coherent and directed in 3 cases, for which the patient was later amnesic.
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Group 11; isolated jerks (figure 24, page 186)

Eight patients had seizures (2.3% of seizures) comprising brief jerks of body parts with 

immediate recovery. These occurred on waking in 2 cases, being predominantly in 

waking hours in the other 6, but no other triggers were identified and no prodrome was 

reported. Average and maximum seizure frequencies were unremarkable, and although 

there was a tendency to clustering in 5 cases, serial seizures had only ever occurred in 1. 

Vegetative symptoms were reported in only 2 of these very brief seizures; colour change 

and urge to micturate in 1 each and a hissing vocalisation was noted at the onset of the 

seizure comprising a head jerk. All cases except the latter also suffered other seizure 

types.

Group 12; Jacksonian motor (figure 25, page 187)

Fourteen seizures (4%) in 14 patients were characterised by focal clonic activity with 

Jacksonian progression. The majority progressed to unilateral clonic activity, usually 

accompanied by ipsilateral head turning, without affecting the opposite side, and often 

leading to a Todd's paresis.

A non-specific prodrome was reported in 3 cases. Average seizure frequencies (median 

1-4/month), tendency to cluster and secondary generalisation showed a similar 

distribution to other groups. In 7 seizures, awareness was maintained throughout and 3 

of these were the shortest seizures in the group (<30 secs). Postictal duration was >1 

minute in 8 cases, in 5 due to Todd's paresis. Speech abnormalities at the onset of the 

seizure were common and are illustrated in table 12 below.

Table 12. Speech abnormalities in Jacksonian motor seizures

Side of 
jerking

Dysarthria Cessation 
of speech

Expressive
dysphasia

Early loss 
of
awareness

Preserved
speech

Left 6 3 1 0 2 0
Right 8 4* 1 1 1 1

* One left-handed case with left-handed father.
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Vegetative symptoms were observed in 9 cases, including 5 with respiratory abnormalities 

- clonic jerking interfering with the pattern of respiratory movements - and sphincter 

disturbance in 3 cases, including 2 with preservation of awareness, during incontinence.

Group 13; generalised motor activity (figure 26, page 190)

Forty seven seizure types in 42 patients comprised bilateral motor activity without prior 

focal symptoms. Twenty were generalised tonic seizures (subgroup a), 21 tonic-clonic 

seizures (subgroup b) and 6 bilateral clonic seizures with preservation of awareness 

(subgroup c). The only progression that was seen after the initial phase was to postictal 

automatisms, most frequently after generalised tonic seizures. The diurnal pattern tended 

to favour nocturnal occurrence, compared to the whole study group (P<0.01). A 

prodrome was reported in only 4 cases. Clear-cut startle sensitivity was seen in 3 cases, 

but other triggers were rarely proposed. The median seizure frequency was <1/month, 

less than for any other group (P<0.001) and seizures only ever occurred very frequently 

(>5/day) in the tonic seizure category. Similarly, maximum seizure frequency and 

inclination for seizures to cluster, tended to be less than in the study group as a whole, but 

were similar across subgroups. Although seizure duration did not differ from the whole 

study group, there was considerable variation across subgroups; median 30-60 seconds 

for tonic seizures and 2-5 minutes for subgroups b and c. Rapid recovery was seen after 5 

(25%) of tonic seizures but never after generalised tonic clonic seizures. Incontinence 

was commonest in this group, occurring in 17 seizures (P<0.001) but other vegetative 

symptoms were rarely reported. Vocalisations usually comprised a shout at seizure onset 

in subgroups a and b, although one patient appeared to giggle briefly at the onset of 

hypertonia. In subgroup c, vocalisations mostly comprised speech with varying degrees 

of clarity, from individual words to coherent sentences, spoken during the period of 

bilateral clonic activity. Automatisms were mostly of the simple type, with behavioural 

automatisms seen most frequently after tonic seizures.
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Group 14; motor agitation (figure 27, page 191)

Thirty seizures (8.5%) in 29 patients were dominated by early motor agitation. Most had 

no warning or a non-specific abdominal or other physical aura, but in 3 cases there was a 

vague prior gustatory sensation and in one an occasional olfactory sensation in association 

with an abdominal aura. In most cases the seizure evolved directly into simple repetitive 

activities but in 6 cases (20%), this was preceded by tonic posturing or head turning. 

Simple repetitive motor activity become more frenetic until the patient appeared in a state 

of general motor agitation, sometimes evolving extremely rapidly. The pattern of this 

activity could be bizarre; thrashing or bicycling movements or throwing themselves 

against the bed. Half the cases recovered rapidly; there was no difference between 

subgroups in this regard, and the others went on to a variety of other motor 

manifestations. A prodrome was reported in 7 cases from all subgroups. There were no 

consistently reported seizure triggers. Twelve (40%) cases were exclusively or 

predominantly nocturnal (P<0.001, Yates correction). Seizure duration showed a smaller 

scatter than in most groups with 73% seizures lasting 30 seconds to 2 minutes and all 

between 10 seconds and 5 minutes. Although average seizure frequency differed little 

from the study group as a whole, there was a somewhat stronger tendency to clustering 

(60% of cases versus 38% in other groups combined) and maximum seizure frequency 

was generally higher than in other groups (P<0.005, Yates correction). The distribution 

of postictal recovery times appeared shorter than other groups, although this was difficult 

to judge with so many nocturnal cases, where the patient often returned to sleep 

immediately after the seizure. Prominent vocalisations were common and often bizarre; 

piercing cries in 6; laughing and crying in 2; singing in 5 and "Donald-Duck speech" in 1 

case. Vegetative symptoms were common, especially colour change, in 14 cases (47%), 

which unlike other groups, was facial flushing more often than pallor. Secondary 

generalisation was relatively uncommon, but not markedly different from other groups.
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Table 13. Summary of distinctive features of seizure types (in addition to those 
seizure manifestations defining clinical groups)

Group Distinctive features

1: fear behaviour and 

olfactory/gustatory

Frequent prodrome; frequent vegetative changes, especially 

pupillary; verbal vocalisation; rare secondary generalisation

2: absence Predominantly waking; frequent behavioural automatisms

3: experiential None

4: visual None

5: auditory Two cases only

6: hypotonic Brief duration; generally infrequent (only 6 cases)

7: version/posturing A subgroup with frequent, brief seizures, no aura, rapid recovery 

and retained awareness, but not true of the whole group.

8: somatosensory Often evolve to simple motor activity but rare behavioural 

automatisms.

9: focal paresis Two cases only.

10: CPSE Generally low frequency, usually associated with other seizure 

types.

11: isolated jerks Rapid recovery by definition; usually associated with other 

seizure types.

12: Jacksonian clonic Rare vegetative symptoms or automatisms; Todd's paresis 

common.

13: generalised motor Low frequency; common incontinence; other vegetative 

symptoms uncommon

14: motor agitation High frequency; mainly nocturnal; bizarre vocalisation; fi-equent 

vegetative symptoms (often facial flushing rather than pallor)
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Combinations of seizure types

Tables 37 and 38, page 192 show the combinations of seizure types experienced by 70 

patients with 2 and 15 patients with 3 seizure types. The most striking association, in 13 

cases, was between groups 2 and 13; absences without focal onset and generalised motor 

seizures (table 14 below), mostly of tonic clonic type (P«0.001). Interictal EEG showed 

spikes in 9 of 12 cases in which it was available; 4 bifrontal; 2 unilateral frontal; 1 

bitemporal; 2 centrotemporal. Widespread or generalised spikes were seen in only 1 case. 

Imaging was abnormal in 4; 2 temporal (associated with frontal spikes in 1) and 2 

frontoparietal lesions.

Table 14. Associations of absences and generalised motor seizures

Seizure types Group 13 a, 

generalised tonic

Group 13b, generalised 

tonic-clonic

Group 13c, 

bilateral clonic

Group 2, 

absence

4 8 1

Generalised hypotonia was always a second seizure type. Of 6 cases, 4 had other 

generalised seizure types; absence in 3, generalised tonic and tonic-clonic in 1 each. 

(Numbers were too small for statistical analysis.) Three of 4 with abnormal interictal 

EEG's had widespread or generalised disturbances. Two cases were lesional; one medial 

prefrontal/SMA AVM and one anterior temporal infarction.

In several groups, patients were encountered whose seizures varied in their initial 

manifestation, sufficiently to be considered separate seizure types, but had similar 

subsequent evolution, and therefore, were in different subgroups of the same overall 

category. For example, 6 patients had seizures that fell into 2 very distinct patterns of 

limb posturing. There was a suggestion that patients with a generalised seizure pattern 

tended to have more seizure types but this was probably an artefact of selection bias, as 

clinical selection criteria were mostly for seizures with a more focal pattern of onset and 

generalised tonic or tonic clonic seizures were patients' second or third seizure type in 26
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cases (63%). There was little suggestion that any other seizure type was particularly 

associated with more varieties o f seizure pattern (figure 2, below), although confidence 

intervals were wide in smaller groups.

Figure 2. Proportions of seizures in each group associated with another seizure type
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Epilepsy with startle provoked seizures

During the course o f this study, it became apparent that a significant proportion of 

patients had suffered epilepsy in response to startle stimuli (ESPS). These seizures came 

from several o f the categories described above (table 36, page 191) and they are, 

therefore, described separately. Their detailed clinical, EEG and imaging characteristics 

are described in table 39, page 193. As only one variable o f  52 in the cluster analysis, the 

presence o f startle sensitivity did not result in a discrete group, among seizures that in 

other respects had various clinical characteristics.

General clinical characteristics

Nineteen patients were identified with ESPS with onset o f startle sensitivity usually in 

childhood or adolescence, although in adult life in a minority. Startle sensitivity usually 

evolved in the context o f pre-existing epilepsy, that had often been present for some time 

before; in one case epilepsy started at the age o f 1 but startle sensitivity only supervened
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in association with an exacerbation of her epilepsy at the age of 25. Similarly startle 

sensitivity disappeared after a few years in many cases and it was, therefore a transient 

phenomenon in the course of the patient's epilepsy history.

A congenital cause was postulated for 9 cases on the basis o f neurological signs since 

birth, or else from the nature of the imaging abnormalities. In one case, severe meningitis 

in the first few months of life was thought to be the cause and in another epilepsy with 

startle sensitivity followed treatment for a pineal tumour at the age of 10.

Focal neurological signs were present in 7 individuals, with unilateral motor signs in 6 

(reflex changes only in 2) and pseudobulbar palsy in 1. Mild to moderate mental 

retardation was present in 4 (3 with other focal neurological signs) and intelligence in 

others was distributed across the normal range; 2 had university degrees.

Seizure characteristics

Seizures tended to have a high frequency and maximum seizure frequency was more than 

10/day in over half (all had experienced more than 1 in a day). Seizures were usually of 

brief duration.

In 16 cases the seizures evolved into tonic motor activity, which was focal in 14. Five 

had a focal somatosensory onset prior to tonic posturing, but in the others there were no 

earher specific symptoms. Three patients had very different seizure patterns; absence with 

no focal features; generalised tonic clonic with no focal features and complex absence 

with giggling then behavioural automatisms. All except one patient reported seizures at 

times not precipitated by startle and 4 patients had a second seizure type that was not 

startle-induced.

All patients were sensitive to noise, but other modalities were more variable. Six could 

have a seizure triggered by somatosensory stimuli e.g. an unexpected tap on the shoulder 

or by catching a paretic foot against the pavement. Visual stimuli such as unexpected, 

sudden movement in the visual field was reported to be effective in 3, but in all cases in 

which these stimuli were effective, they were less reproducible in their effect than noise. 

No patient reported a seizure in response to taste or smell.
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Interictal EEG results 

General data

Interictal E E C  s were available in 229 patients (90%) representing 317 different seizures 

(90%). The number o f EEG's available in each group is shown in table 40, page 195, with 

the principal features o f their results. It was significantly more likely not to discover any 

spikes in cases where there was only 1 EEG available (P<0.001). There were no 

significant differences between groups in the number o f cases for which EEG's were 

available or in the mean number o f EEG's per case. It is difficult to interpret the 

frequency o f EEG spikes in each group since the proportion for which EEG abnormality 

was a selection criterion varies and needs to be taken into account. The number o f focal 

spikes per patient was generally small with median number for each group usually 

between 10 and 20. Table 40, page 195 illustrates the distribution o f interictal EEG 

characteristics in each group and the principal patterns o f spike abnormality.

Data by clinical groups

Details o f interictal spike data for cases in each group are presented in figures 28-39, 

pages 196-207. For each seizure associated with interictal EEG spikes, the spikes are 

colour-coded according to pattern o f distribution and the details o f spike location and 

number with each location written onto the case. A summary o f the major interictal EEG 

findings for each group is in table 15, page 83, at the end o f this section.

Group 1; olfactory/gustatory or fear behaviour (figure 28 page 196)

Interictal EEG's were available in all cases o f group 1. No interictal spikes were identified 

in 16 cases, in 9 o f which only 1 EEG was seen. Where spikes were focal, almost all were 

at temporal electrodes, although in 1 case the abnormalities were predominantly restricted 

to the anterior frontal electrodes. Regional and bilateral spikes were mostly 

frontotemporal in distribution and widespread or generalised spikes were uncommon - 

seen in only 2 cases.
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Group 2; absence (figure 29, page 197)

There was no evidence to suggest the number or distribution of EEG spikes differed 

across clinically defined subgroups. Focal spikes were generally in 3 patterns; temporal 

and sphenoidal; medial ffontocentral and frontopolar with associated involvement of the 

transfrontal chain. Bilateral spikes occurred most frequently in association with focal 

frontal (8 seizures) rather than temporal spikes (1 seizure). Generalised and widespread 

spikes were relatively uncommon, although in one case the EEG pattern was exclusively 

of generalised discharges.

Group 3; experiential (figure 30, page 199)

Focal spikes were infrequent in most cases (median 8 spikes) and were restricted to the 

temporal or frontal electrodes in 7 and 3 patients respectively. The predominantly frontal 

or temporal EEG patterns did not correspond to any clinical subdivisions and "frontal" 

spikes were usually at F7 or F8, where they may reflect temporal lobe activity. Two cases 

with focal frontal spikes represented different clinical seizure patterns from the same 

patient. Most cases also had regional or bilateral spikes with a frontotemporal 

distribution. One patient, with 2 clinical patterns of absence, and a history of unilateral 

orbitofrontal trauma had predominantly bilateral frontopolar and generalised spikes.

Group 4; visual (figure 31, page 200)

In only 1 case were there more than 10 focal spikes - restricted to the temporal region and 

associated with hippocampal volume loss on quantitative MRI. This patient with two 

seizure types; micropsia and visual distortion in early life and prolonged olfactory 

hallucination in later life has been described in detail, in the accompanying p a p e r ^ 0 7  

the other case with frequent spikes, their distribution was more widespread, 

predominantly in the pericentral region, and MRI demonstrated a small anterior parietal 

lesion with increased signal intensity. Other EEG's tended to have a frontotemporal 

distribution of spikes but numbers of spikes in these cases were very small (figure 31).

Group 5; auditory

No spikes were present in either case.
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Group 6; hypotonic (fîgure 32, page 200)

There were only 4 patients with interictal EEG abnormalities and only one of these had 

more than 10 spikes. In no case, however, were spikes predominantly focal and 3 of 4 

cases exhibited mainly bilateral or generalised spikes.

Group 7; version/posturing (figure 33, page 201)

Where focal abnormalities were identified, these were almost always fi’ontal (19 cases), 

with central spikes in 4 cases and a single temporal spike recorded as the only focal spike 

in 1 case. There was no evidence to suggest that spike frequency was different in the 

subgroup with higher seizure frequency or that spike localisation differed between 

clinically defined subgroups. Where regional spikes were recorded, these almost always 

included fi'ontal electrodes and most bilateral spikes were bifi'ontal or transcentral in 

distribution with occasional temporal or parietal spikes noted. Widespread or generalised 

spikes were noted in 14 cases (37%). Focal spikes within the frontal lobes tended to 

involve the medial and lateral rather than frontopolar electrodes, but where spikes were 

regional or bilateral, frontopolar electrodes were also usually involved.

Group 8; somatosensory (figure 34, page 203)

Focal abnormalities were very varied in this group, the most striking case showing 

consistent spiking at one medial frontal electrode but a more temporal distribution of focal 

spikes was commoner. Bilateral frontopolar spikes were seen in 4 cases (36%). One of 

these, with a history of surgery to an optic nerve glioma suffered 3 seizure types; focal 

sensory; akinetic drops and brief hand-rubbing automatisms and had a wide field of 

interictal spikes from frontopolar to bicentral with frequent generalisation, suggesting a 

wide epileptogenic zone.

Epileptiform spikes were somewhat commoner in cases with non-Jacksonian seizures 

(50% versus 25%). There were no discernible, consistent differences in the pattern or 

distribution of spikes between subgroups and the proportion of patients with interictal 

spikes was similar irrespective of whether their habitual seizures progressed beyond the 

sensory stage, but numbers were small.
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Group 9; focal paresis

No interictal EEG was available in either case.

Group 10; complex partial status epilepticus (figure 35, page 204)

Spikes were very few in this small group, with no characteristic pattern of distribution.

Group 11; isolated jerks (figure 36, page 204)

There were EEG spikes in 3 cases (37.5%), the second lowest proportion of any seizure 

type, but they were very frequent in two. They showed a consistent pattern of 

ffontocentral discharges; the patient with focal spiking at F3 having jerks of only his right 

arm; case 3 with bicentral spikes experiencing bilateral jerks and the other case, with less 

frequent frontocentral spikes, experienced isolated jerks of either arm alone.

Group 12; Jacksonian motor (figure 37, page 205)

Only 3 cases with Jacksonian motor seizures had spikes on interictal EEG, the lowest 

proportion of any group, and EEG was an inclusion criterion in only 1 case. It was 

impossible to discern a distinct pattern in this small number of cases, but in those case 

with spikes, they were ffontocentral or centrotemporal rather than temporal in 

distribution.

Group 13; generalised motor (figure 38, page 205)

EEG's were available in only 2 cases of subgroup c (bilateral clonic seizures with 

preserved awareness); neither had interictal spikes. Therefore, the spikes observed relate 

only to generalised tonic and generalised tonic clonic seizures. Focal spikes were present 

in 18 cases, of which 11 were frontal, 3 temporal, 2 central and 2 with mixed pattern. It 

was rare to see spikes exclusively at one electrode and multifocal spikes from several 

electrodes in one or both frontal regions was a common pattern. Regional spikes also 

showed frontal preponderance, although tending to appear at various electrode 

combinations. Bilateral and generalised spikes were common, seen in 15 and 9 cases (50%
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and 30%), again having a frontal preponderance. There were no differences in interictal 

EEG characteristics between tonic and tonic-clonic subgroups.

Group 14; motor agitation (figure 39, page 207)

Focal spikes were observed in 14 cases and of 6 cases with greater than 10 focal spikes, 

these were at frontal electrodes in 4 and at temporal and central sites in the other 2. In 

one case focal activity predominated at the supraorbital electrode, but this electrode was 

rarely used in other cases. Regional and bilateral spikes reflected the distribution of focal 

spikes of the same case, although with a tendency to frontotemporal overlap. In one case 

there were frequent peri-central spikes, but generally bilateral spikes were uncommon and 

spikes with a diffuse unilateral or bilateral distribution were seen in only one case.

Table 15. Summary of interictal spike distribution for different seizure groups.

Group Predominant interictal EEG spike distribution

1: fear behaviour and Temporal

olfactory/gustatory

2: absence Variable

3: experiential Mainly temporal

4: visual Mainly temporal

5: auditory Normal (2 cases only)

6: hypotonic Rare spikes

7: version/posturing Frontocentral

8: somatosensory Variable

9: focal paresis No EEG available (2 cases only)

10: CPSE Rare spikes

11: isolated jerks Frontocentral

12: Jacksonian clonic Few EEG's available

13: generalised motor Mainly frontal

14: motor agitation Mainly frontal
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Interictal EEG in epilepsy with startle provoked seizures

Interictal scalp EEG showed focal spikes in 8 of the 19 cases, but varied considerably 

from case to case, between frontal, central and temporal regions (table 39, page 193).

Ictal EEG results by clinical group

Ictal EEG results were available for 79 (22.4%) of seizures, in 79 patients (31%). The 

proportions recorded from different groups varied from none in groups 6, 9 and 13 to 

63% in group 14 (detailed in table 41, page 208). The median number of seizures 

recorded was 3 there was a tendency for the cases with larger numbers of seizures 

recorded to have more than 1 associated EEG pattern. Where there was more than one 

pattern, the most specific pattern was usually the one occurring earliest in relation to 

clinical onset. Detailed results are presented in table 42, pages 209-212.

Group 1; olfactory/gustatory and fear behaviour

Abnormalities were documented in 8 of 10 cases undergoing recording and were focal or 

regional in 5; invariably at the temporal electrodes or lateral frontal electrode. The EEG 

pattern was of rhythmical slow activity, varying from 3-7 Hz in 2 cases and focal 

attenuation in the temporal region in 2 cases.

Group 2; absence

In group 2 (absences), 5 seizures (9%) were recorded. Ictal EEG abnormalities were 

identified in all cases but varied in location, including bifrontal, mesial frontal and focal 

temporal abnormalities. In this small sample there was no evidence to support a 

difference in clinical pattern between these types, for example oroalimentary automatism 

was present in both frontal and temporal EEG patterns.

Group 3; experiential

Of 8 seizures recorded, a localised abnormality was identified in 5; in 4 restricted to the 

temporal lobe and in the other bilateral frontotemporal in distribution.
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Group 4; visual

Of 4 seizures recorded, regional EEG abnormalities were found before clinical onset in 3. 

In case 55, a formed visual hallucination was associated with a frontotemporal EEG 

abnormality and normal CT scan; in case 16 visual distortion was associated with 

frontotemporal EEG abnormality and a mesial temporal AVM and in case 292, micropsia 

was associated with a frontal EEG abnormality and hippocampal atrophy on MRI.

Group 5; auditory

In both cases in group 5, ictal recording was undertaken. In one, with auditory 

hallucination, disordered speech and secondary generalisation, following an encephalitic 

illness, EEG abnormalities prior to clinical onset were seen in left and right temporal lobes 

on different occasions. In the other case, who only experienced auras during recording, 

no scalp EEG abnormality was identified.

Group 6; hypotonic

No ictal recordings were available for this group.

Group 7; version/posturing

Of 21 cases with ictal recordings, one third were masked by artefact throughout each 

seizure and in two-thirds an abnormality was identified. This was unlocalised in 5 cases 

and localised in 9; invariably to the frontal or central region. In 3 seizures, however, the 

discharge appeared symmetric about the midline and could not be lateralised. In contrast 

to the other seizure types in the study, the commonest EEG seizure manifestations were 

spikes or fast activity.

Group 8; somatosensory

In one of 4 cases, in which an ictal recording was obtained, there was an identifiable 

seizure discharge, in the paracentral region, contralateral to the clinically affected limb.



88

Group 9; focal paresis

No ictal recordings were available for these two patients.

Group 10; complex partial status epilepticus

In three of six cases, a recording was obtained during a seizure, but in none did this 

include the onset of the episode. Generalised slow wave abnormalities were observed in 

each case.

Group 11; isolated jerks

In the case with isolated jerking of the head, the movement was immediately preceded by 

a generalised slow wave. No others were recorded in this group.

Group 12; Jacksonian motor

In one case captured fortuitously on routine EEG recording, there was an evolving 

seizure discharge in the paracentral region, contralateral to the clinically affected side. In 

the other recorded case, there was continuous paracentral spiking and it was difficult to 

discern any change in EEG pattern in association with the clinical seizure onset.

Group 13; generalised motor

No ictal recordings were available in this group.

Group 14; motor agitation

Ictal electrographic discharges were seen frequently in this group and were localised in 10 

cases and in 7 were frontal or bifi'ontal, with fi-equent involvement of frontopolar 

electrodes. Of the other 3, discharges were frontotemporal in 2 and temporal in 1. The 

clinical seizure pattern in these did not clearly differ from the frontal cases.

Ictal EEG in epilepsy with startle-provoked seizures

An ictal surface recording was available in only 8 patients (42%) and, as is commonly the 

case in patients whose seizures are characterised by early motor activity, was obscured by
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artefact in 7. The remaining case showed clear 12-16Hz activity at the left medial frontal 

electrode, contralateral to head turning and to the predominant side of posturing, at the 

onset of the seizure.

Table 16. Summary of ictal electrographic recordings for each group

Group Ictal EEG summary

1: fear behaviour and 

olfactory/gustatory

Temporal

2: absence Few recorded

3: experiential Temporal

4: visual Mainly frontotemporal (few recorded)

5: auditory Two cases only; 1 temporal

6: hypotonic None recorded

7: version/posturing Frontocentral fast activity/spikes

8: somatosensory One abnormal only; pericentral

9: focal paresis None recorded

10: CPSE Generalised slow waves, no onsets recorded

11: isolated jerks Only one recorded; generalised slow wave

12: Jacksonian clonic Only one recorded; pericentral

13: generalised motor None recorded

14: motor agitation Frontal predominance
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Analysis of cases with lesions on neuroimaging

General data

In 126 patients (50%), with 163 seizure types (46%), there was an abnormality on 

neuroimaging considered to be of aetiological significance. The distribution of lesions 

between the lobes and the intrafi'ontal distribution of those restricted to the frontal lobes 

are shown in tables 43 and 44, pages to 213-217. All lesions, except pure hippocampal 

atrophy, and their associated seizure types are illustrated on templates in appendix 4, 

pages 243-266. Temporal lesions were pure hippocampal atrophy (32 cases), and 

primarily extrahippocampal tissue lesions in 26 cases, which were either so extensive or 

else anatomically situated to cause direct hippocampal involvement in 5 cases. Because 

of the size of the frontal lobes and in accordance with the current ILAE classification, 

they were subdivided into more divisions than, parietal or temporal lobes. Nevertheless, 

in neither the frontal group alone nor in all seizures combined, was there any relationship 

between the number of seizure types experienced and the size of the lesion. Nor was 

involvement of any particular region associated with a larger number of seizure types.

Pure frontal versus pure temporal lesions

A direct comparison of 61 seizures with lesions restricted to the frontal lobes, 

irrespective of subdivision and 58 seizures restricted to the temporal lobes was 

performed, both in terms of clinical seizure types defined by previous analysis and 

individual manifestations (table 45, page 218 and figures 40-45, pages 219-221 ).

The age of onset of epilepsy in patients with pure frontal and pure temporal lesions was 

similar, median ages 15 and 14 and means (standard deviations) 20.9 (16.9) and 15.6 

(11.4). There was a suggestion of a more unimodal distribution in the temporal group 

and this may reflect the dominance of a single pathology, MTS.

Seizures characterised by absence were strongly associated with temporal lobe lesions 

(?<0.001) but the association of experiential seizures with temporal lobe lesions did not 

quite reach significance (P=0.005) and there were weaker tendencies for seizures in 

groups 1 and 4 (profound fear/olfactory/gustatory and visual hallucinations) to be 

associated with temporal rather than frontal lesions. Seizures characterised by fear
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behaviour were associated with hippocampal but not extra-hippocampal temporal lesions. 

There was a suggestion that seizures characterised absences with no aura were more 

common in association with hippocampal lesions, whereas a physical or abdominal aura 

was commoner with extrahippocampal lesions. Numbers were too small to draw clear 

conclusions (table 17 below).

Table 17. Seizure types associated with hippocampal and extrahippocampal lesions

Seizure category Hippocampal Extra-hippocampal

la ; fear/fear behaviour 4 0

lb ; olfactory/gustatory 2 4

2a,d; absence with no warning 9 3

2b,c; absence with non-specific 

warning

2 5

3; experiential 9 5

4; visual 3 3

Groups 1-4 all contained predominantly temporal lesions and the numbers of frontal 

lesions in these groups were small. Of the 6 cases with absences and pure frontal 

lesions, 4 were small; 2 including medial prefrontal; 1 SMA and 1 orbitofrontal. Of 3 

pure frontal lesions associated with experiential phenomena, all had medial frontal 

involvement including the anterior cingulate, which in one case, extended to frontopolar 

and orbitofrontal regions. Four further cases had frontoparietal involvement and 

experiential phenomena; 2 including the cingulate region and 2 the lateral parietal 

suprasylvian region. There was a tendency for extratemporal lesions associated with 

experiential phenomena to progress directly into motor activity (6 of 7 cases), commonly 

version or posturing. By contrast, of 13 cases with temporal lobe lesions, only 5 had 

relatively early motor activity without an obvious preceding absence phase, 4 had no
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motor activity at any stage during the seizure, and in those that did develop motor 

activity, this was usually of the form of automatisms.

Two patients with visual manifestations and a frontal lesion had formed and unformed 

hallucinations, indistinguishable from those with temporal lesions. Although head turning 

in group 4 occurred in a similar proportion of lesional cases in both temporal and 

extratemporal groups, both cases in whom there was no prior absence phase fell into the 

extratemporal category.

In these categories where temporal lesions predominated, there was a suggestion that 

interictal spikes, where present, co-localised with the structural lesion, whether frontal or 

temporal (see inter-relationships of investigations, page). Ictal EEG had been recorded in 

only one patient with an extratemporal lesion and a clinical seizure pattern in categories 

1-4 (case 329) - a negative selection effect of the presence of structural lesions - and had 

an absence seizure with a mesial frontal lesion and bifrontal ictal discharge.

Only 1 case with a pure hippocampal lesion had a seizure pattern with early posturing. 

The interictal EEG in this case showed widespread spiking, ipsilateral to the sclerosis, 

ranging from P3 to Fpl, including some spikes regionalised to Fpl-F3-Fz.

Seizures with early posturing or version were associated with frontal lobe lesions 

P «0 .001) and seizures with general motor agitation were also strongly associated with 

pure frontal rather than temporal regions (P«0.001). Their anatomical distributions are 

described in the section on intrafrontal localisation below.

Individual seizure manifestations

Most seizure manifestations occurred with similar frequency in frontal and temporal 

groups, and although some rarer symptoms appeared to have possible associations, e.g. 

olfactory and gustatory hallucinations, with temporal lesions, numbers were too small to 

analyse statistically (table 45). The manifestations that significantly differentiated frontal 

from temporal were largely the main determining symptoms of groups 1-4, 7 and 14, as 

described above.

Oral automatisms and experiential symptoms were significantly associated with temporal 

lobe lesions P=0.001. Although clonic movements and head turning per se were not
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Strongly associated with one or other lobe, if they occurred early in the seizure there was 

a significant association with frontal lobe lesions (P<0.001). A similar, but weaker, 

association was seen for early tonic movements (P<0.01) but not for tonic movements as 

a whole.

No measures of seizure frequency, duration or postictal duration showed any significant 

difference between frontal and temporal lobe seizures, although only seizures with a 

fi’ontal lobe lesion had ever occurred at a frequency greater than 50 per day. Sensitivity 

to startle stimuli was seen in 4 cases with pure frontal lesions and in no pure temporal 

cases.

Intrafrontal localisation

Only 16 seizures were associated with a lesion restricted to a single intrafiontal region, as 

suggested by the ILAE, and no conclusions could be drawn fiom this small sample. An 

alternative approach was adopted: a statistical analysis of involvement of different cortical 

regions in the pathology underlying the clinically defined seizure patterns. This allowed 

the analysis of lesions covering more than 1 region of cerebral cortex and all 163 lesional 

seizures were included in this analysis.

The strongest association was seen between orbitofrontal lesions and seizures 

characterised by motor agitation (group 14). Of 14 lesional patients with involvement of 

the orbitofrontal cortex, 7 had a seizure type falling into this category (P«0.001). 

Frontopolar involvement nearly as strong an association (P<0.001) and many lesions of 

the orbitofrontal cortex extended to the frontopolar region. Inclusion of the frontopolar 

cortex, without orbitofrontal involvement, was however, seen relatively fiequently with 

more caudal lesions and tended to be associated with other seizure types, such that only 7 

of 22 cases with frontopolar involvement fell into group 14. The 6 cases with motor 

agitation involving neither orbitofrontal nor frontopolar cortices, showed no consistent 

pattern: hippocampal; extrahippocampal temporal; perisylvian, SMA, anterior cingulate 

and lateral prefiontal/premotor in 1 case each. Orbitofrontal and frontopolar involvement 

were seen in 2 each of 6 non-fbcal tonic and 7 tonic-clonic seizures with structural 

lesions.
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Lateral cortical lesions frequently extended from premotor through prerolandic to parietal 

cortex, and there were, therefore, shared features across this region. The lateral 

premotor cortex was the only region whose involvement was significantly associated with 

seizures characterised by early posturing (P<0.001), involved in 18 of 29 seizures. In 

those cases where the premotor cortex was not involved, the lesion was perirolandic in 3, 

mesial prefrontal or SMA in 4, frontopolar or orbitofrontal in 2 and widespread in the 

rostral frontal cortex in 2.

Both prerolandic and parietal cortices were significantly associated with seizures with 

somatosensory onset (P<0.001), irrespective of whether this had a typical Jacksonian 

progression. Only 1 case did not include either of these regions; a large lesion spreading 

across anterior frontal and temporal regions. The statistical association of this seizure 

type with the premotor cortex was weaker than with either precentral or parietal cortex. 

There was no suggestion that the size of the lesion correlated with the tendency of the 

seizure to progress and in 3 cases pure sensory seizures and pure motor seizures were 

seen at different times from the same pericentral lesion.

In 7 of 9 Jacksonian motor seizures associated with a structural lesion, there was 

involvement of the primary motor cortex in the lesion (P<0.001) and in the other 2 cases, 

the prefrontal and parietal cortices were involved. Only the prerolandic cortex was 

significantly associated with this seizure type.

The prefrontal region did not appear to be associated with specific seizure types. Its 

intermediate position in the frontal lobes meant that lesions tended to extend either into 

the frontopolar region, or posteriorly into the premotor and motor regions, which were 

associated with more specific seizure types. There were no associations between lesional 

involvement of the supplementary motor area and specific seizure types.

The cingulate region was the only extratemporal region to be involved frequently with 

experiential seizures of group 3 (6 cases) but this was not statistically significant as lesions 

associated with 19 other seizure types also included the cingulate region and no other 

association of the cingulate cortex was seen.

Analysis of all lesions involving the temporal lobe showed similar associations to those in 

the comparison of pure temporal to pure frontal lesions: strong association with absences
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(P<0.001) and weaker associations with groups 1, 3 and 4. The proportions of 

extrahippocampal and hippocampal lesions in each group showed no clear differences, but 

numbers were small.

Table 18. Summary of location of imaging abnormalities for each clinical group

Group Predominant imaging appearance

1: fear behaviour and 

olfactory/gustatory

Predominantly temporal

2: absence Strong temporal predominance

3: experiential Predominantly temporal with some cingulate and some 

perisylvian involvement

4: visual Predominantly temporal

5: auditory Temporal (1 of 2 cases abnormal)

6: hypotonic No pattern

7: version/posturing Strong association with lateral premotor cortex

8: somatosensory Strong association with parietal and perirolandic cortex

9: focal paresis Two cases; lateral premotor and caudal superolateral 

frontal

10: CPSE Variable

11: isolated jerks Only 1 lesional case (lateral premotor/perirolandic)

12: Jacksonian clonic Strong perirolandic association

13: generalised motor Variable

14: motor agitation Strong orbitofrontal/frontopolar association
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Lesion types

The spectrum of lesion types in this study was large and further subdivision of cases by 

scan appearance renders groups too small for analysis. Some general observations can, 

however, be made. The major determinant of seizure type appeared to be lesion location 

rather than lesion type; where seizure types were associated with particular regions, this 

was irrespective of the pathological appearance on neuroimaging. For example, 

orbitofrontal lesions characterised by seizures with motor agitation (group 14), included 

post-traumatic atrophy, glioma and dysplasia (proven at resection). Post-traumatic 

atrophy was the commonest cause, reflecting the susceptibility of this region to trauma.

Dysplasia discovered with high resolution, reformatted MRI, frequently occupied the 

lateral prefrontal region (table 44), sometimes extending to the primary motor region and 

was responsible for several cases of seizures characterised by posturing and version. The 

similarity of scan appearance and distribution of these lesions was striking and suggests 

common factors in their aetiology. Of note was that many (53%) of 19 cases with 

dysplastic cortical appearance were bilateral, even though EEG and clinical manifestations 

may have suggested a lateralised onset of the epilepsy. Another congenital lesion; 

porencephalic cyst, with similar lateral distribution was responsible for other seizures in 

this category.

High resolution structural MRI

Forty-nine patients with normal CT or MRI underwent high resolution imaging, which 

was abnormal in 45 (92%). Twenty-three cases of hippocampal atrophy, 14 cases with 

dysplastic appearance and 8 previously undiscovered foreign tissue lesions. This 

represents some selection bias since some cases, especially those with hippocampal 

abnormalities were included in the study because of their structural lesion, but of 26 

patients scanned after inclusion in the study for other reasons, 22 (85%) had abnormal 

appearances.
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Magnetic resonance spectroscopy

In the group selected for spectroscopy, satisfying ILAE criteria for SMA seizures, there 

was a tendency for the SMA to have lower NAA/Cho+Cr ratios (figure 46, page 222) but 

this was not significant and there was considerable overlap with normal controls. 

Subsequent high resolution MRI revealed abnormal appearances in 7 of 9 cases, 5 with 

lateral frontal cortical dysplasia, one case with hippocampal atrophy and one with 

widespread dysplasia.

Imaging in epilepsy with startle-provoked seizures

CT scan was available in 5 of 6 with focal neurological signs and showed extensive 

abnormalities. In three cases of congenital lesions this appeared to be a large 

porencephalic cyst (figure 47, page 223) extending over frontoparietal regions and in the 

patient with previous meningitis/abscess, there was infarction in the preffontal/premotor 

regions. In the 2 cases whose only clinical signs were reflex changes and in clinically 

normal individuals, the CT scan was normal, except in one who had mild hemiatrophy. 

High resolution MR scans were performed in 7 patients with normal CT scans and in the 

patient with mild hemiatrophy on CT. Abnormalities were seen in 6 of these and 

appeared to fall into two overlapping patterns.

In four cases there was perisylvian atrophy associated with thickening of the cortical 

mantle. This was predominantly anterior and unilateral in 3 cases (figure 48, page 223), 

with maximal involvement of the fi’ontal component of the perisylvian region. In the other 

it was bilateral, with waisting of the perisylvian region. The latter was observed in the 

patient with pseudobulbar palsy and closely resembles the pattern of congenital Foix- 

Marie-Chavany syndrome seen in pathological specimens^^^.

The second pattern, in 2 cases, was of a lateral fiontal cortical migration defect. In the 

first case (figure 49, page 224) following contiguous slices showed these islands of grey 

matter to be discontinuous from the overlying cortex, which appeared normal. Resection 

of the abnormal region and adjacent cortex resulted in seizure remission which has lasted 

over a year to date, the patient previously suffering seizures several times a day. 

Pathological examination confirmed the presence of dysplastic neurons.
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In the second case, there was a similar but more severe appearance on MR scan, this time 

with associated thickening of the lateral frontal and medial frontal cortex. There was no 

pathological verification in this case, but the probable ectopic grey matter was again 

entirely separate from the overlying cortex in serial sections.

The anatomical localisation of those cases with pathological lesions remains difficult 

because of the wide extent of atrophy in some cases, the difficulty in defining the limits of 

cortical thickening and the involvement of the perisylvian region, which is at the junction 

of 3 lobes. In the unilateral perisylvian cases, and those with porencephalic cysts, the 

maximal involvement appeared to be frontoparietal. In the case of Foix-Marie-Chavany 

syndrome, opercular involvement was extensive and probably included all 3 lobes. In 4 

cases, the lesion was restricted to one lobe and this was frontal in each. No case had an 

obvious temporal lobe lesion.

Inter-relationships of investigations

Relation of interictal EEG to imaging

Table 46, page 225 shows the relationship between location of interictal spikes and 

lesions on neuroradiological imaging. The mean number of EEG's was similar to those 

without neuroradiological abnormality; 1.69 against 1.64. Absence of interictal spikes 

was common with lesions in any region, occurring in 47% of cases who underwent EEG 

examination. Highly concordant spikes were uncommon, occurring in only 9%, similar 

in both frontal and temporal groups. In the temporal lesional group, the commonest 

pattern was of overlapping abnormalities, with EEG spikes occurring over a relatively 

wide area of scalp from relatively restricted lesions; 26% of temporal abnormalities versus 

9% of other groups combined. In the frontal lesional group, bilateral spikes were 

commoner than a focal or overlapping EEG abnormality. Bilateral spikes in the frontal 

group tended to be bilateral simultaneous in contrast to the bilateral independent spikes, 

usually seen in the temporal group.

Spikes purely contralateral to the identified lesion e.g. left temporal spikes with right 

hippocampal atrophy, were moderately frequent (10%), as were other patterns of clearly 

discordant spikes (11%) and occurred with similar frequency in both frontal and temporal
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groups. In 7 of 11 cases with discordant spikes, the number of spikes observed was very 

few (<5). In two patients spikes were contralateral to a parafalcine lesion.

Examination of the 15 seizure patterns shared by the 11 patients with discordant interictal 

EEG and imaging showed an unexpectedly high proportion of absences and general 

motor seizures without specific features - occurring in 11 of 15 seizures - significantly 

higher than in the study group as a whole (P<0.001, Yates correction). With this high 

proportion of clinically unlocalised seizures it was impossible to say if tbgy seizure pattern 

was more typical of lesion site or interictal EEG abnormality in these discordant cases.

In 1 patient with EEG contralateral to the lesion site, an absence evolved into focal clonic 

activity of limbs contralateral to the scan lesion and ipsilateral to the EEG. In another 

case in which an absence progressed to adversion, head turning was contralateral to the 

lesion and ipsilateral to the EEG spikes. There was no obvious association between 

probable pathology on scan appearance and discordance with the EEG.

Relation of interictal EEG, ictal EEG and imaging

Table 47, page 226, shows the relationships between interictal EEG, ictal EEG and 

structural lesions, where present for those patients who had undergone ictal EEG 

recordings. Of 18 cases with both ictal EEG and imaging abnormalities, fi’ank 

discordance was seen in only 2, although widespread unilateral or bilateral abnormalities 

from a focal lesion was relatively common.

Cases with normal interictal EEG and abnormal ictal EEG and imaging

Of 31 seizures with a normal interictal EEG, 11 (35%) had a regional or focal ictal EEG 

abnormality; 2 temporal, 1 frontotemporal and 8 frontal or ffontocentral. A structural 

lesion was present in 6 of these, 2 temporal and 4 frontal and the ictal EEG was 

concordant or overlapped the structural lesion in all cases. There appeared to be no 

difference in the clinical seizure patterns of those seizures in which an abnormality was 

identified on ictal recording and those in whom it was not. Of 9 cases with ictal 

recordings and frontal/ffontocentral dysplastic appearance on MRI, 8 had an onset with 

artefact or widespread abnormality, whereas of 5 patients with acquired pathology of the
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same region, 4 had a concordant focal or regional onset, despite similar clinical patterns 

with early motor components.

Ictal patterns in cases with abnormal interictal ££G

Of 46 seizures associated with interictal spikes and ictal EEG recordings, ictal EEG 

appeared to be more specific in its localisation in 12 cases (26%), less specific in 17 

(37%) and of equal specificity in the remainder (37%). There was no suggestion that 

cases with interictal spikes in any particular region tended to show more specific ictal 

abnormalities, although numbers were small.

Ictal ££G  versus imaging abnormality

Among thirty-five patients who had undergone ictal recording and had a demonstrable 

lesion on imaging, discordance between investigations was rare; 2 patients had ictal EEG's 

lateralised opposite to the lesion, one with a paracentral glioma and the other with 

hippocampal atrophy and 1 had a frontal scalp electrographic onset from an ipsilateral 

mesial temporal glioma. In the first 2 instances, the interictal EEG was concordant with 

the scan and in the latter, was normal.

Cases with abnormalities of ictal ££G , interictal ££G  and imaging

There were 15 cases in which all 3 investigations were lateralised. In 1 the interictal 

EEG lateralised opposite to the lesion, in which ictal EEG was ipsilateral to the lesion 

with a diffuse distribution. A much commoner pattern than discordance was for a scan 

lesion to be associated with non-specific EEG abnormalities; normal; widespread; 

unilateral or bilateral or to be masked by movement artefact.

Summary of inter-relatîonsbips of investigations

Frank discordance of investigations was uncommon in any group and where discordance 

was seen, there were too few cases to determine which investigation was most consistent 

with the clinical pattern. A commoner pattern was for EEG to be less specifically 

localising, either ictally or interictally, than neuroimaging. Bilateral EEG abnormalities in 

the presence of a unilateral lesion was seen commonly and the converse also seen, but 

more rarely. There appeared to be little difference between fi*ontal and temporal regions
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with respect to sensitivity of different EEG modalities, interictal being positive in the 

presence of normal ictal EEG and vice-versa, with similar frequency, in both regions.

Laterality of somatic manifestations and investigations

Latéralisation of different clinical manifestations

Seventeen cases experienced both focal clonic and focal sensory manifestations and these 

colateralised in every one. In 20 of 22 cases with both focal clonic jerks and head turning, 

the manifestations colateralised. In one case with a paracentral lesion contralateral to the 

clonic activity there was bilateral head turning, and in the other, not associated with 

investigative abnormality, version was contralateral to clonic activity. In 9 of 12 cases 

with version and focal sensory manifestations, there was colaterality and the remaining 3 

were discordant. One of these had a large lesion in one hemisphere, another bilateral 

interictal EEG spikes and the third normal investigations.

Relation of clinical to imaging laterality

Of 21 lesional cases with focal clonic activity, there was colaterality with imaging in 12 

(57%), in 11 of whom clonic jerks were an early seizure manifestation; discordance in 6 

and focal jerking arising from bilateral lesions in 3. Of the 6 discordant cases, 5 had 

clonic activity late in the seizure; 3 of these had hippocampal atrophy, and 2 well localised 

lesions, maximal in the SMA with possible extension into mesial preffontal and cingulate 

regions. In the case with early clonic activity, this affected the mouth and spread to the 

limbs and was associated with an ipsilateral lateral premotor AVM.

An interictal EEG showed no spikes in 4 of the 6 discordant patients, in whom it was 

recorded and bitemporal spikes in one case of hippocampal atrophy. Ictal EEG was 

recorded in 2 cases and colateralised with the scan in 1 and showed bilateral spikes in the 

other.

Of 54 lesional cases with version during the seizure, there was contraversion in 32 (60%), 

in 20 (62.5%) of whom version was an early manifestation; bilateral version in 6 cases 

(11%), all from unilateral lesions; ipsiversion in 11 (20%) and unilateral version from a 

bilateral lesion in 5 cases (9%). Of cases with bilateral lesions, an interictal EEG was
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available in 4 and had spikes in 3; contralateral to version, ipsilateral to version and 

bilateral in 1 case each. Of cases with turning ipsilateral to a lesion, in 9 (81%) version 

was a late seizure manifestation. Ten of these ipsiversive cases had interictal EEG's, with 

either no spikes or bilateral spikes in all. Eight had ictal EEG recordings which 

colateralised with the lesion in 4, was contralateral to the lesion in 1 and non-specific in 3. 

Of 16 lesional cases with focal sensory manifestations, the manifestation colateralised 

with the lesion in 10 (62.5%) and was a unilateral manifestation of a bilateral lesion in the 

other 6. In one of these the interictal EEG colateralised with the clinical manifestation but 

in the other cases was bilateral or normal. Sensory manifestations purely ipsilateral to a 

lesion never occurred.

Relation of clinical laterality to interictal EEG

Seventeen cases had focal clonic activity and EEG spikes; 11 colateralising; 4 with 

bilateral EEG and 2 discordant. In one of the discordant cases, ictal EEG was available 

and agreed with clinical latéralisation and in the other an identified lesion was again 

concordant with clinical data rather than interictal EEG.

Of 10 cases with sensory manifestations, 5 colateralised with the EEG and 5 had bilateral 

EEG spikes, none was discordant.

Of 60 cases with version, this was contralateral to EEG spikes in 27 (45%); associated 

with bilateral EEG abnormalities in 21 (35%); bilateral version in 6 (10%) - associated 

with unilateral spikes in 5 - and ipsilateral to EEG spikes in 6 (10%). In 3 (50%) of 

ipsiversive cases, head turning was an early manifestation and in the 2 lesional cases, EEG 

colateralised with the lesion. Of 32 cases with unilateral spikes and purely unilateral head 

turning, version was contralateral to the spikes in 27 (82%) and ipsilateral in 18%.

Relation of clinical laterality to ictal EEG

Nine cases seizures with focal clonic activity were recorded and in 7 laterality was 

concordant. In both discordant cases, clonic activity was a late manifestation and in one, 

EEG abnormality colateralised with pathologically documented Ammon's horn sclerosis. 

Imaging in the other also pointed to a temporal lobe lesion.
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Of 27 cases with version, 8 (30%) had turning contralateral to EEG side of onset; 7 

(27%) ipsilateral; 4 (15%) bilateral version with a unilateral EEG; and 8 (30%) unilateral 

version with bilateral EEG changes. Of those with ipsiversion, 2 were lesional, both 

extrahippocampal, in the anterior temporal lobe, one with a frontotemporal EEG onset, 

the other widespread over the hemisphere. In 4 of 5 non-lesional, ipsiversive cases, EEG 

onset was over the frontal electrodes and in the remaining case widespread over the 

hemisphere. Head turning was an early manifestation in 2 (28%) ipsiversive and 3 (38%) 

contraversive cases.

In both cases with focal sensory onset, the ictal EEG colateralised with the clinical 

picture.

Summary of laterality issues

Focal clonic and focal somatosensory activity colocalised and where a unilateral lesion 

was present, focal sensory activity localised to it in every case. Focal clonic activity, 

occurring early in the seizure, colocalised with unilateral lesions, in all but 1 case. The 

relationship of these manifestations to interictal spikes was generally concordant, but with 

some cases having bilateral spikes. Discordance with ictal EEG onset was seen in 2 cases 

with focal clonic activity as a late seizure manifestation. The relationship of head-turning 

to other clinical manifestations or to investigational abnormality was less consistent, but 

where there was a unilateral lesion, contraversion appeared somewhat commoner than 

ipsiversion.
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Partial Seizure results of the National General Practice Study

1) Clinical patterns

Of the 594 cases with definite seizures, 252 were classified as localisation-related on the 

basis of focal clinical manifestations, focal EEG or imaging abnormalities, or a clinical 

history suggesting focal cerebral pathology. 187 suffered partial seizures and of these,

142 had sufficiently characteristic clinical patterns to allow clinical localisation, leaving 45 

patients with evidence of partial seizure onset, which was too vague for seizure 

localisation e.g. isolated head turning or vague epigastric sensations. A fiirther 18 

patients suffered secondarily generalised seizures with a localisable partial onset but no 

partial seizures; a total of 160 patients with localisable seizure onset who form the basis of 

this analysis. Forty-seven patients had historical, EEG or imaging evidence of focal 

cerebral pathology but only generalised seizures. A total of ninety-two cases, therefore, 

were placed in the "clinically unlocalised group", although having other evidence pointing 

to partial onset. Of the 160 clinically localisable cases; 36 were classified as frontal onset; 

52 as central onset; 9 as frontotemporal onset; 10 each as parietal and posterior onset and 

43 as temporal onset. There were no differences in the age or sex ratios of the patients in 

each group.

Of the patients in the frontal lobe seizure group, 12 had seizures with early posturing, and 

the remainder (24) experienced combinations of simple automatisms, motor agitation, 

head version, tonic and clonic features. Temporal lobe seizures manifested as 

predominant olfactory and/or gustatory hallucination (7 cases); experiential phenomena (9 

cases); abdominal manifestation with orofacial automatisms (10 cases); auditory 

hallucination (1 case) and combinations of the above in 16 patients. Parietal seizures 

manifested as localised paraesthesiae (4 cases), numbness or pain (3 cases each). The 

frontotemporal group included combinations of autonomic manifestation, complex motor 

activity and abdominal features (4 cases); oroalimentary and complex motor activity (4 

cases) and vertigo followed by complex motor activity (1 case). Posterior seizures 

included 2 with unformed visual hallucinations, and 4 each with formed visual and 

polymodal hallucinations.
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2) Investigative abnormalities

Of the 160 patients with clinically localised seizures, 149 (93%) attended hospital, 107 

(67%) underwent EEG, 86 (54%) CT and 38 (24%) had neither test. Table 49, page 231 

shows the number of patients in each group to undergo investigation and their results. 

Table 50, page 232 shows the relationship of clinical seizure pattern to investigative 

abnormality for those patients with focal abnormalities. Patients in the "clinically 

unlocalised group" with focal investigative abnormalities are included.

An EEG was available in 8 of 12 patients with frontal lobe lesions on CT scan. In one of 

these the EEG was discordant; co-localising with the clinical pattern to the temporal 

region and in the others EEG was not localising. EEG's were present in 3 of the 6 

patients with focal central lesions and were non-specific in 2, the third showing temporal 

spikes. In 7 patients, the EEG showed frontoparietal spikes, in 5 of whom a diagnosis of 

Benign Epilepsy of Childhood with Centrotemporal Spikes (BECT) was strongly 

suspected, on the basis of electroclinical pattern, although patients had not all undergone 

imaging or sleep EEG studies. In all 3 patients with temporal lobe lesions, EEG's were 

non-specific. In 2 of the 10 cases with parietal or other posterior cortical lesions, the EEG 

lateralised opposite to CT and clinical pattern and was non-localising in the other 6, in 

whom it was performed.

3) Aetiologies (table 51)

Overall, 32% had a clear cause and 9.4% a probable cause for their seizures. Figures 

were similar for different seizure patterns except in the temporal group, where there were 

fewer identifiable causes (14%).

4) Seizure frequency (table 52)

Data of seizure frequency were available in 89.4% of patients. The pattern of seizure 

recurrence and frequency did not show any significant difference between the six clinical 

seizure locations; 45% experienced only one seizure or became seizure-free and 27.5% 

suffered only rare seizures. Frequent seiimres were seen in only 11 cases (6.9%). Four 

were due to cerebral tumour, 1 each subarachnoid haemorrhage and hypertensive vascular
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disease, and 5 were of unknown aetiology. Of the 27 patients who died during the 

follow-up period, 3 each (11.1%) had frequent or moderately frequent seizures, compared 

with 8 each (6%) of survivors.



107

Discussion
Methodological considerations 

Patient selection

The lack of a single criterion to identify the origin of seizures leads to fundamental 

difficulties in their definition and in selection of patients for study^^. An important feature 

of this study is the broad criteria with which patients were selected, since any one 

criterion is likely to exaggerate bias. The relative importance of different selection 

methods in the different groups identified can be assessed fi*om table 34 (page 174), 

illustrating inclusion criteria.

These methods differ significantly from those of most previous investigators who attempt 

to resolve the problems of case selection by the adoption of a "gold-standard", 

representing the single best, currently available, measure of seizure origin. They report 

series of patients seizure-fi'ee after similar cortical resections and conclude that the clinical 

features they share are characteristic of the resected region. This approach is inherently 

flawed; it is necessarily retrospective and using either no controls or historical controls, 

leaves many questions unanswered. There is substantial selection bias in that the criteria 

for selection for surgery usually include considerations of seizure pattern, thus 

predetermining the results. In what way do those patients who are not surgical 

candidates differ from those who are and do they have different seizure patterns? If their 

seizure patterns are the same, of what value is the seizure pattern in defining the region of 

onset of epilepsy by this method? In addition, those patients with apparently similar 

electroclinical characteristics, yet not rendered seizure-fi'ee by the same resective surgery 

are rarely reported in detail. Yet these form an important group of false positives that 

must be included in the assessment of any predictive test of post-surgical outcome and 

any more general consideration of localisation of seizure patterns. This is particularly 

relevant in frontal lobe epilepsies where resective surgery is successful in only 2 0 -4 0 %^73 

Ideally, in order to judge the value of clinical or investigative features as criteria for 

surgical treatment, it must be studied prospectively on an intention-to-treat basis, 

including those patients for whom surgery was successful, those for whom it failed and
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those who ultimately did not undergo surgery. Moreover, frontal lobe resections are 

generally l a r g e a n d  if successful the only conclusion that may be drawn is that a region 

somewhere within the resective area was crucial in epileptogenesis and further localisation 

is impossible.

The definition of epileptic seizures by the tiny proportion who undergo presurgical 

assessment also represents a major bias in current thinking. Finally, a successful outcome 

includes those patients who continue to have epileptic auras after surgery, which is a 

useful, pragmatic approach in the evaluation of patients. The persistence however, after 

otherwise successful surgery, of symptoms which may be associated with the primary 

epileptogenic region^^, suggests that surgery may have interfered with the expression of 

seizure activity, by interfering with spread, rather than eliminating the underlying 

diathesis. Whilst empirically useful, therefore, one must be cautious in interpreting the 

pathophysiological mechanisms of surgical treatment.

Rather than ascertaining the features of groups with similar, successful resections, this 

study has a different approach to the problem of clinical seizure manifestations and their 

localising value. A standard protocol was used for recording clinical features, in which a 

preliminary statistical cluster analysis was performed, in order to minimise observer bias in 

the delineation of clinical patterns. Only then was the localising evidence for each pattern 

analysed, to establish which seizures share similar investigational abnormalities, pointing 

to similar cortical localisation. This enabled the predictive value of clinical seizure 

manifestations to be ascertained for different seizure types.

Effects of case selection

Because selection of patients was on clinical, EEG or imaging criteria, without seeking a 

priori concordance between them, the bias inherent in selecting on the basis of only one 

criterion was offset and any bias can be assessed by considering the inclusion criterion of 

each case in the seizure categories defined. Since only patients with concordant 

investigations tend to undergo operation, this contrasts with the analysis of post-surgical
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series. In addition this enables the issue of concordance to be assessed as part of the 

study, which is not possible in post-surgical series.

For example selection from VET records includes many in whom surgery is being 

considered and, therefore, may have more refractory epilepsy and more concordant results 

on other criteria. By contrast, individuals with foreign tissue lesions are sometimes not 

considered to require VET and, therefore, there is a negative selection bias against VET 

cases. The inclusion of both these groups, to some extent, offsets the possible bias 

introduced by either one alone.

Interictal EEG's were present in the majority of cases (90%) and the main bias introduced 

in this regard by the selection method, was that some patients were accepted without 

interictal EEG, but only if there was a structural lesion, on neuroimaging, arguably the 

strongest localising evidence in this study. The lower number of recordings for some 

patients also reduced detection rate of interictal spikes.

Selection from more general neurology practice, using various criteria is likely to include 

individuals with less refractory epilepsy than post-surgical cases seen in a specialist 

epilepsy centre. These patients include a spectrum of hospital-based cases, including 

some epilepsy clinic patients and therefore, vary from very severe to an intermediate grade 

of severity. In order to assess the relevance of this study to epilepsy in the general 

population, a derived classification was applied to a community-based cohort of the 

National General Practice Study of Epilepsy. It is important to consider these less 

refractory patients as the mechanisms of their epilepsy may differ from those seen in post- 

surgical series and may be more representative than highly selected cases from specialist 

centres.

Finally, this study recognised the problems with current investigative techniques and 

included cases whose clinical patterns were thought likely to be focal (excluding 

occipital). Importantly, abnormalities were found in some of these some cases on re

investigation, especially on MRI and these, therefore, represent a truly prospective group, 

selected on clinical basis and subsequently found to have structural lesions underlying 

their epilepsy. All those cases with dysplasia on MRI fall into this category. Since a 

primary aim of this study is to assess the predictive value of clinical seizure patterns in
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frontal lobe epilepsy, the breadth of this case ascertainment is crucial in order that 

important subgroups are not missed.

Data analysis

Clinical seizure data was collected prospectively by a standardised technique, by one 

investigator, rather than retrospectively, as is the case from post surgical series. Cases 

were then classified according to the thing they all have in common; one or more clinical 

seizure patterns, independent of investigational findings, and only then was this 

classification related to other measures of seizure localisation; imaging; interictal EEG and 

ictal EEG. In this way the analysis is closer to a prospective, predictive analysis of clinical 

patterns than in other studies.

Many patients have more than one seizure type and another important feature of this 

study is the differential consideration of patients and seizures. Ictal EEG is a seizure- 

specific investigation and need only be analysed in terms of the clinical seizure pattern it 

accompanies. Imaging and interictal EEG are patient-related investigations and the same 

abnormalities in these modalities are associated with all the patient's seizure types. 

Irrespective of the cause, there is no a pr/o/*/justification in considering one habitual 

seizure type more representative of the underlying cause than another on grounds of e.g. 

seizure frequency. Any localisational scheme must explain all the seizure types arising 

from a given lesion in order to be of practical value and have pathophysiological 

significance. For this reason all patients' habitual seizure patterns were analysed against 

imaging and interictal EEG, rather than selecting one type, which would have ignored 

important data.

The decision whether a patient's seizures represent variations on a theme or separate 

seizure types is difficult. In this study, differences in the initial manifestations were taken 

to represent different seizure types and differences in later manifestations as variations, 

perhaps due to differences in seizure spread. The fullest, habitual expression of each 

seizure was used as likely to give the most information regarding spread. Two factors 

further complicate this analysis. First, the effect of long-standing epilepsy on seizure 

evolution: patients may initially have an aura or a partial seizure onset and subsequently
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develop seizures with rapid generalisation and, therefore, no clinically apparent partial 

onset. Second, treatment changes may modify seizure expression. Whilst the commonest 

effect is to prevent secondary generalisation, which would therefore, leave the initial ictal 

events (crucial to this classification) unchanged, sometimes treatment may abolish the 

aura or other early manifestations. Both factors are partially countered by the inclusion of 

cases according to EEG and imaging as well as clinical criteria and by the analysis of all 

the seizure types for which there is a good witnessed history, including those from the 

past. The sands of time inevitably erode the memory, and retrospective accounts were 

excluded unless the description was full, leading to a historical bias. Nevertheless, the 

accuracy of the retrospective accounts in this study is supported by the high detection rate 

of startle sensitivity as a transient phenomenon in the past, compared to other clinical 

studies. Since alterations in drug treatment are also made on admission for telemetry, a 

possible bias may arise here. It is arguable which is more representative of a patient's 

habitual seizures; a good witnessed account or the recording made under artificial 

circumstances with drug withdrawal. The high concordance between the 2 accounts in 

those cases in which they were compared, suggests this is not a major source of bias.

This analysis of seizures rather than cases led to double representation of a few cases, 

whose seizures appeared clinically different but were ultimately classified into the same 

overall category, partly because of the use of group variables in the cluster analysis. For 

example one patient had two forms of tonic posturing; one a brief collapse always 

precipitated by startle stimuli and the other a more prolonged posture, never precipitated 

by startle, which would be difficult to call the same clinical type. This double 

representation, therefore represents clinically significant variants, occurs in only 4.5% of 

cases and is more than offset by the advantages of analysis of all the seizure types in each 

case that are probably attributable to the same pathology. With the exception of these 

significant variants, each seizure was considered a single data point in this study, in 

contrast to other studies where seizures of the same clinical type from the same patient 

were considered as separate events, biasing the data in favour of those with more 

recorded seizures^^»^^^.
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Whilst the emphasis of this study is on the delineation of clinical seizure patterns and their 

relationship to investigative abnormalities, the possibility of unforeseen bias in this 

classification technique needs to be taken into account. Moreover, whilst classification is 

desirable to enhance understanding, there is a continuum of manifestations in different 

seizures and their allocation to different categories may mask similarities. For these 

reasons further analyses were performed; relating the three investigative techniques to 

each other; assessing concordance independent of clinical classification and relating 

clinical manifestations to lesion site, from raw clinical data, prior to seizure classification 

by cluster analysis.

Although some forms of TLE are considered highly characteristic, a very major issue in 

clinical practice is the differentiation of some cases of FLE from TLE . We analysed 

cases of TLE , included according to similar criteria; some with strong localising 

evidence, foreign tissue lesions on neuroimaging, or MRI evidence of mesial temporal 

sclerosis - increasingly recognised as a reliable marker o f  T L E 1 2 7 . 1 2 8  These acted as a 

control group for the frontal cases, in order to identify genuine differences between 

frontal and temporal epilepsy. Patients with classical epileptic syndromes e.g. Jacksonian 

clonic seizures or experiential seizures were also identifiable groups to enable external 

validation of the cluster analysis technique. The large number of patients included in this 

study allowed statistical analysis of groups against each other, to ascertain differences that 

are significant, and are likely to be clinically and possibly pathophysiologically important, 

rather than reporting unconnected case series.

Cluster analysis

Cluster analysis^^^ is a non-parametric multivariate statistical technique, that may be 

applied to non-metric data and occasionally has been used to define symptom complexes 

in illness, especially in psychology^! The most widely used variants are average 

linkage, centroid and Ward's analyses. Critical issues are the selection of the clustering 

technique; the choice of variables to be entered into the analysis and the method of 

calculation of inter-variable distance. The output of the analysis is in two major forms; a 

cluster membership table and a clustering coefficient series. The former shows the group
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membership of each case for the different numbers of clusters specified. In this case the 

number of groupings was felt probably to lie between 10 and 30 and the group 

membership of each case was tabulated in the output of the analysis for each number of 

groups. The cluster coefficient shows the numerical distance between the clusters 

combined at each stage of the analysis and is a measure of the proximity of cases, which 

may be used as a guide to the number of clusters likely to give the most meaningful results 

(figure 1, page 55).

The choice of clustering paradigm is empirical and there are, as yet no reliable 

theoretical guidelines. Variables entered into the analysis were only those relating to the 

clinical manifestations of the seizure itself. It was felt that these were more likely to be 

fundamental properties of the seizure-generating region and its connectivity, whereas 

other considerations of e.g. seizure frequency, duration and tendency to secondary 

generalisation might rather be functions of the severity of the underlying pathology and 

could have corrupted the statistical analysis. These variables were considered 

subsequently in manual analysis of the results. Variables were coded according to their 

relative time of occurrence in the seizure. This is of probable clinical value in terms of 

consideration of seizure spread and makes more meaningful comparisons between 

seizures of different durations than using absolute timings. Moreover, it is of more 

relevance to the nature of cluster analysis, which uses the relative positions of variables 

rather than their absolute values. In addition for those cases in whom telemetry recordings 

were not available, the sequence of manifestations could be determined but not the precise 

timing of manifestations in the seizure.
be

The number of potential seizure manifestations is so legion that were each to entered as 

an independent variable into the statistical analysis, no groupings would ever be found. A 

further problem with statistical analysis is the weighting of data to allow for related 

variables. For example, swallowing and lip smacking automatisms are more closely 

related to each other than they are to clonic jerks and it would be inappropriate for the 

analysis to treat all three as equidistant. In order to minimise these problems, categories of 

variables have been analysed, using groupings of related symptoms. The aim of these 

modifications was to use existing knowledge in order to enhance data entry and make the
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cluster analysis as clinically meaningful as possible. It is important to appreciate that 

whilst these modifications may be viewed as seeding the data with preconceived 

relationships, these are kept to a minimum, are consistent with current literature, and are 

applied equally to all cases in the analysis. The use of group variables reduces the number 

of variables entered into the statistical analysis, making patterns easier to discern and the 

cases were then analysed according to individual manifestations within the groups. 

Notwithstanding the groupings, the number of variables used, at 52, was still large.

The localising value of some symptoms e.g. olfactory aura is greater than for others e.g. 

cephalic aura^. This too would require weighting of data in the analysis but meaningful 

weights can only be attributed, if there is an outcome measure of the analysis against 

which to calculate them, which was not available in this study. For these reasons the 

cluster analysis could be seen as generating general groupings, the aggregation of cases 

into ever larger clusters was stopped prior to achieving the minimal reasonable number of 

groups (figure 1), and final groupings were refined by hand. This stage of the analysis 

may have introduced bias and some independent cross-checking was required. Internal 

validation showed a high degree of reproducibility, compared to previous studies utilising 

cluster analysis, using different samples and techniques of analysis. The acid test of 

cluster analysis is whether the clusters produced have any clinical relevance. External 

validation showed consistent identification of well recognised, clinically meaningful 

groupings e.g. absences with no focal features; focal clonic seizures; focal sensory 

seizures; seizures with olfaction and gustation, experiential seizures and differentiating 

generalised tonic from focal tonic or generalised tonic-clonic seizures. Because of the 

nature of the variables entered into the analysis, there was predictable combination of 

some seizure types e.g. isolated jerks and focal clonic seizures were combined because no 

seizure duration variable was included and non-Jacksonian and Jacksonian sensory 

seizures were initially separated because of presence of a "Jacksonian progression 

variable", but these were subsequently combined. It could be argued that this validation 

of data entry and analysis was tailored to the grouping of well known seizure types and 

this accuracy cannot necessarily be extrapolated to the other less well known types, which 

are central to this study. Against this however was the consistent identification in the
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analysis of at least one less well recognised seizure type; motor agitation, with significant 

investigative associations, which could not be predicted at the start of analysis. In 

addition an independent analysis was performed, comparing the features of cases with 

strong localising evidence, in the form of lesions on imaging, restricted to the frontal or 

temporal lobes. This differentiation is one of the most important in clinical practice and it 

supported the cluster analysis classification, in identifying those clinical characteristics 

with most distinguishing power between fi*ontal and temporal lesions, from the raw 

clinical data independent of the cluster analysis technique.

A criticism of previous statistical analyses applied to seizure symptomatology, is that they 

take individual symptoms in isolation, whereas seizures are made up of numerous 

manifestations, whose relative timing may be of particular importance in terms of seizure 

spread. This cluster analysis, whilst emphasising early symptoms not only allows the 

simultaneous analysis of many clinical seizure variables, but with appropriate encoding of 

symptoms, their sequential occurrence may be analysed in a standardised fashion. The 

presentation in flow diagrams highlights the components of seizure progression as well as 

their initial manifestations.

Imaging studies

The relation of the epilepsy to the site of a tissue lesion is a matter of debate, since as 

Hughlings Jackson originally pointed out^ non-neural tissue cannot propagate seizure 

discharges. Nevertheless, the fi*equent association of structural lesions with epilepsy 

leaves no doubt that they are frequently responsible. Lueders^^^ has proposed a scheme 

in which different aspects of the epileptogenic zone are highlighted by different 

investigations (figure 50, page 229); lesion site by structural imaging; interictal and ictal 

electrographic distribution; cortical region responsible for clinical seizure expression and 

region of neuropsychological deficit. He argued that these regions usually overlap but are 

not necessarily fully concordant. Whilst this approach emphasises the requirement for 

concordance between investigations in patient management, it is based on concepts 

prevalent prior to the introduction of modem imaging techniques. With the most recent 

MRI techniques, lesions can be identified in 80-90% of CT scan negative c a s e s ^̂ 3 and it is
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to be hoped that this will further increase in the near future. Taking this fact with the 

strong evidence that resection of a lesion, whether foreign tissue, or mesial temporal 

sclerosis, offers the best chance of surgical cure, suggests that concepts should now move 

from phenomenological considerations to an aetiological framework^^"^ figure 50, page 

229. Whilst the mechanism whereby a major cortical lesion causes epilepsy is unknown, 

it cannot be doubted that it is the cause, and therefore, the localisation of the underlying 

problem is the site of the lesion, even if its expression is at a remote site. Problems occur 

if it is difficult to define the anatomical extent of the lesion, e.g. NMD's or if there are 

distant effects e.g. expanding foreign tissue lesions that may cause raised intracranial 

pressure effects and distant epileptogenesis or if current techniques cannot identify the 

lesion e.g. subtle dysplasias. Recent studies have shown, however, that to ignore the site 

of the cause and surgically treat the remote, apparent site of the effect is an approach 

doomed to failure, whereas the converse is much more likely to succeed and that where 

the lesion is identified, the major predictor of operative success is the extent of 

removal^^^’^ ^ ’̂ ^ ,̂ such that reoperation to extend the site of resection in incompletely 

removed lesions may be a successful strategy. There are, therefore, both conceptual and 

pragmatic attractions of this approach, and with the accuracy of post-operative MRI, the 

model is currently undergoing testing in several centres.

In this study, half the cases had an identified structural lesion, which was mapped 

accurately to cortical regions, using a template technique and these were analysed in 

relation to clinically defined seizure patterns. Although some patients were selected on 

the basis of their structural abnormality, and not all cortical regions were equally 

represented, the classification of cases was initially clinical, without reference to imaging 

abnormality and only once this classification was completed, were the lesions associated 

with each seizure type considered. This is, therefore, a prospective analysis of the lesions 

underlying each clinical type. In case the clinical classification had introduced bias, a 

direct statistical comparison of lesions involving only frontal or only temporal lobes was 

included, in relation to individual seizure symptoms and the results of this analysis 

supported the clinical classification. The maximal extent of lesions, including surrounding
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oedema, was taken as the potential source of the epilepsy. Since it cannot be assumed 

that the epilepsy arises from any particular site within the lesion, highly focal onsets may 

be "diluted” if the structural lesion is large. This problem has been partly circumvented by 

the use of statistical analysis of the lesion sites underlying seizure types. Moreover, the 

number of regions involved in a lesion was included as a variable, to ascertain whether the 

size of the lesion is a determining factor in the clinical seizure type, or the number of 

associated seizure types.

Theoretical explanations for varying seizure types from a given lesion include: different 

manifestations may represent different epileptogenic regions of the same lesion and this 

may apply for instance to the 2 patients with frontoparietal lesions who had distinct 

Jacksonian motor and Jacksonian sensory seizures; or that different manifestations 

represent different modes of spread of seizure activity. The results in this study, 

however, suggest no correlation between the size of identifiable lesions and the number of 

seizure types, and are against the first explanation.

The relationship of lesion type to seizure type has not been explored in the past in detail.

It may be difficult to disentangle the effects of anatomical location and histology, since 

they are related in some cases, e.g. post-traumatic epilepsy and the frontopolar region or 

sclerosis in the mesial temporal region. In this study the location appeared to be a more 

important determinant than lesion type, but in group 7 (version/posturing) a large 

proportion of lesions were congenital, with a similar location and it is difficult to know 

which was more important. One might speculate that functional connectivity of a region 

is more likely to determine seizure manifestations than histology and this is supported by 

the evidence of seizure types from well defined functional areas e.g. primary sensory and 

motor cortices, irrespective the pathology affecting them^.
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Interictal EEG analysis

The analysis of interictal EEG used the method of spike counting. Although epilepsy may 

be associated with other EEG abnormalities, they are more subjective and observer 

dependent in their interpretation. In addition, slow wave abnormalities are a recognised 

consequence of structural lesions, irrespective of associated epilepsy^ and therefore, 

their assessment would be biased towards those patients selected on the basis of cerebral 

lesions. Intra-observer validation of the technique showed a high degree of consistency. 

The reporting of sites of EEG abnormality was in relation to electrode placements. Since 

precise anatomical correlates cannot be determined from scalp EEG, this gives a clearer 

picture of the EEG results, than reporting sites in terms of underlying cortex, which is 

applying additional interpretation to the raw data, although this has been done in 

summarising the results. The number of EEG spikes is also an important variable, that is 

commonly not reported, as the larger the number of spikes and the more consistent their 

localisation, the more reliable the results.

Sampling error is a potential problem in uncovering epileptiform abnormalities in interictal 

EEG's and the proportion of cases with interictal spikes who had only one EEG was 

significantly less than those who had more than one. The mean number of EEG's was 

very similar across all groups; consequently inter group comparison remained possible. In 

addition by considering seizure types, rather than individual cases, the EEG's could be 

pooled between cases to give a measure of frequency and consistency of abnormalities.

The potential number of different categories of EEG abnormality (taking into account all 

the possible combinations of frequency, location and spread of spikes) was such that 

statistical analysis would have resulted in unrealistically small groups, and therefore, a 

purely descriptive approach was adopted.

Ictal EEG analysis

Ictal EEG was analysed in a minority of cases and all EEG patterns identified in relation 

to each seizure were reported. This illustrates the variability of EEG patterns in relation 

to clinically similar seizures but leads to a statistical quirk, in that the more EEG's
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recorded, the more likely it is for there to be more than 1 ictal EEG pattern and, 

therefore, apparently the less reliable the EEG. Sometimes this was due to variations in 

the timing EEG onset, in which case the earliest EEG onset in relation to clinical onset 

was considered most representative and this usually showed the most focal abnormalities.

Previous investigators have suggested that fast EEG (>12Hz) activity is more suggestive 

of a nearby seizure onset than slow (<8Hz) activity^^^. The distribution and pattern of 

EEG onset were examined separately in this study, with a suggestion that seizures arising 

in frontocentral regions were far more likely to be characterised by fast activity than those 

from other regions. Whether these seizure generating regions were closest to the scalp 

electrodes or whether these site and pattern variables may be inter-related is unclear in 

this study.

to
Ictal EEG onset was related seizures types in the clinical classification to see if consistent 

patterns could be determined. The location of ictal EEG onset was also related to the site 

of structural lesions and to interictal EEG spikes in the subgroups that had undergone 

combinations of investigations in order to assess concordance, avoiding any potential bias 

introduced by the clinical classification.

Concordance of Investigations

In a study of successful post surgical cases, concordance between investigations cannot be 

assessed, since concordance is a primary consideration in selection for surgery. In this 

study efforts were made to minimise selection bias, with selection made independently on 

various criteria. It is reasonable, therefore, to measure concordance between 

investigational modalities, independent of the clinical classification. In addition, because 

the clinical classification was made without reference to any investigations, it is possible 

tentatively to combine the investigative evidence from interictal EEG, ictal EEG and 

imaging to give an overall picture of the likely localisation of cases, where no one 

investigation alone shows a statistically significant association of seizure type with 

cerebral region.
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Strengths and weaknesses of the methods - summary

The key feature of this study is the initial definition o f clinical seizure types, allowing the 

assessment o f their strength at predicting abnormalities on investigations, by comparison 

with other seizure types which acted as controls. Other important features are: the large 

number of cases, especially the large proportion with identified structural lesions; the 

selection of cases according to various independent criteria in order to reduce bias; the 

standardised collection and recording of clinical data by one observer and the analysis of 

all seizure types of each patient in relation to the investigative abnormalities. The clinical 

classification technique is also supported by a statistical analysis of pure frontal against 

pure temporal seizures, from raw data without reference to results of the cluster analysis. 

In addition concordance issues are explored, which cannot be done in post-surgical series 

that are highly preselected on the basis of concordance.

Its main weakness is the relatively small proportion of seizures that were recorded by 

VET, The absence of ictal EEG recordings is the more important aspect, since the 

validation data suggest that the clinical data was highly concordant with VET, where both 

were available. In addition, because of sampling error, a minimum of 2 interictal EEG's 

per patient would have been desirable. The definition of seizure types is a difficult issue in 

relation to natural history and treatment effects as described above, but the emphasis on 

early seizure manifestations adopted, provides the best approach to the problem.

Although imaging techniques were not standardised for all patients, there was a 

sufficiently large number of lesional cases for these to be analysed separately and obtain 

meaningful results, but a potential criticism is that these were a selected sample that may 

not be typical. I have argued, however, that identification of a lesion is more a function of 

the sensitivity of the test used than any property of the epilepsy and this is supported by 

the 85% of those scanned with MRI, initially thought to have no lesion, in whom one was 

subsequently found. Ideally, a totally objective method for the delineation of clinical 

seizure types would have been used, but the complexity of seizure manifestations and the
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variation in their significance in seizure localisation did not allow complete reliance on the 

cluster analysis.

Interpretation of ictal symptomatology

It is important to appreciate the relationships between the nature of seizure symptoms and 

the recording and measurement of data. At its simplest, the interpretation of ictal motor 

activity relies on accurate description of seizure progression by a reliable witness or on 

VET and provided seizures are consistent, data are reliable. By contrast, the analysis of 

subjective symptoms is complex, their reporting relies on the account of the patient, who 

by definition is not at his best at the time of the seizure, such that even if there are 

subjective manifestations at the onset of a seizure, subsequent events may obscure their 

memory. The duration of seizures with a predominantly subjective component is also 

difficult to assess and their nocturnal occurrence is impossible to measure without 

overnight EEG recording. Thus whilst it is possible to say if motor seizures occur during 

the night but not during the day, a false impression may be obtained of the diurnal 

variation of purely subjective seizures and this may contribute to an apparent difference 

between seizure types that has no pathophysiological basis.

Other more subtle symptoms may be masked by motor phenomena which dominate the 

clinical picture; changes in colour or pupils are unlikely to be detected in a patient with 

vigorous motor activity, particularly if the seizure is nocturnal, either by an observer or on 

VET. This may lead to a bias in recording these phenomena in favour of seizures with 

initial subjective symptoms or a period of absence.

Especially difficult are the inter-related analysis of speech and awareness during a seizure, 

as these depend on skilled interaction between an observer and the patient in order to 

distinguish speech disorder from confusional state and language disorder from oral motor 

dysfunction. Even then a receptive problem during the seizure may result in apparent 

speech disorder unless motor responses to speech are also tested. Even if a patient is 

aware during a seizure they may suffer postictal amnesia and not recall events to which 

they made appropriate responses at the time^»^^’̂ i^. In this study, most seizure histories 

were obtained from untrained observers and whilst it was generally clear whether patients
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preserved or completely lost awareness during the seizure, some subtle alterations were 

difficult to detect. Some patients, however, gave clear reports of events during seizures 

when those around them had thought them unaware and these are documented.

Discussion of clinical seizure groups

Group 1: fear behaviour and olfactory/gustatory 

Table 19: Summary of results of investigations of group 1:

Number of cases in group 31

Main interictal EEG spikes. No. of cases Temporal 11, frontal 1

Main ictal EEG associations. No. of cases Temporal 8

Main imaging associations. No. of cases Temporal 10, frontal 2

The data from this group suggested 2 subgroups with overlapping clinical features: 

subgroup la, characterised by fear behaviour, sometimes had olfactory or gustatory 

hallucinations, key features of subgroup lb and both subgroups had frequent abdominal 

sensations and autonomic manifestations and rarely underwent secondary generalisation. 

The clinical inter-relationships were supported by the results of investigation with a strong 

temporal lobe emphasis of imaging and EEG in both subgroups.

The degree of complexity of fear behaviour has never been elicited by cortical stimulation, 

without an afterdischarge, although components; fear; vegetative changes and vocalisation 

have been produced separately^. As the majority appear to have situationally appropriate 

early vocalisations, patients are probably still partially aware at this stage of the seizure, 

suggesting this is a behavioural response to the seizure, which may therefore, not require 

spread of seizure discharges to become manifest. Such manifestations have been 

observed in TLE^ and in spontaneous seizures recorded by SEEG, originating in the 

orbitofrontal region, although the latter are difficult to interpret, since there was always 

rapid spread to other regions^^^.

Subgroup lb was characterised by olfactory and gustatory hallucination, often in 

association with other sensory modalities, with a variety of clinical seizure progressions.
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Interictal and ictal EEG and imaging abnormalities all pointed to the temporal lobe, in 

both subgroups, although no one investigation reached statistical significance. These 

findings are consistent with the cortical representation of olfaction and gustation; 

predominantly in the temporal lobes and many cases had polymodal sensory symptoms - 

all five modalities being represented - suggestive of the polymodal sensory representations 

of the parietotemporal region. Similar polymodal seizures are well described from this 

region^. There was only a weak suggestion, however, that the latter group were more 

likely to be associated with extrahippocampal lesions but numbers were small. One case 

had an unequivocal frontal lesion associated with gustatory symptoms, a recognised but 

uncommon association^^, but no frontal lesions were associated with olfactory 

manifestations, which are probably more specific to the temporal lobes^l*.

Group 1 represents one type of non-frontal seizures that occurred with extremely high 

seizure fi-equency, and are associated with rapid recovery, contradicting the belief that 

these characteristics of timing are likely distinctive of FLE.

Group 2: absences 

Table 20: Summary of results of investigations of group 2:

Number of cases in group 57

Main interictal EEG spikes. No. of cases Frontal 12, temporal 7, mixed 15

Main ictal EEG associations. No. of cases Frontal 3, temporal 2

Main imaging associations. No. of cases Temporal 16, frontal 6

Absences without specific warning usually progressed to simple or behavioural 

automatisms rather than to simpler clonic or tonic movements or head turning. The 

pattern of EEG abnormality varied, with focal spikes seen over both fi-ontal and temporal 

regions in different cases, consistent with previous descriptions of absence in association 

with both frontal and temporal lobe epilepsieŝ »"^^»^ .̂ Imaging, however, suggested a 

predominant association with the temporal lobe abnormalities, although an important 

minority had lesions in the frontal lobes. Ictal recordings were made in only a few cases
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but these too were variable in distribution and where both EEG and imaging abnormalities 

were present, they generally colocalised.

Absences were associated with a high frequency of oroalimentary automatisms and there 

was also a close association between the finding of temporal lesions and the occurrence 

of oroalimentary automatisms across all seizure types. The ratio of temporal to 

extratemporal lesions in the absence group was the same, however, irrespective of the 

presence of oroalimentary automatism, suggesting that temporal lobe lesions are 

associated with absences per se and not just with the automatisms that frequently 

accompanied them.

The anatomical basis of absence is unclear. In primary generalised epilepsy loss of 

awareness is associated with widespread seizure discharges^, and a similar pattern of 

discharge has been noted in some cases with a focal lesion, especially from the anterior 

and mesial frontal lobes^^O  ̂but absence has been said to be typical of temporal rather than 

extratemporal seizures'*^.

Group 3: experiential phenomena 

Table 21: Summary of results of investigations of group 3:

Number of cases in group 33

Main interictal EEG spikes. No. of cases Temporal 7, frontotemporal 5

Main ictal EEG association. No. of cases Temporal 4, frontal 1

Main imaging association. No. of cases Temporal 14, mesial frontoparietal 4

Experiential phenomena were closely associated with temporal lobe lesions in common 

with previous studies^’̂ ^  ̂ and this was supported by the ictal EEG data, in which all 

localisable EEG onsets were temporal and by the interictal data, although spike numbers 

were small. The tendency of temporal cases, in this group, to become absent before 

manifesting motor activity in contrast to those with frontal lesions, may again reflect the 

relative closeness of the frontal lobe lesions to the motor cortices. The prominence of 

cingulate involvement in the extratemporal cases of this group is consistent with
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manifestations associated with cingulate seizures in the past^^^ and is of interest since the 

cingulate cortex is the frontal cortical region phylogenetically most closely related to the 

hippocampal formation according to Sanides scheme^^. In monkeys there are direct 

interconnections between the cingulate gyrus and the hippocampus and extensively 

overlapping efferents from both cingulate and para-hippocampal gyrus to the perisylvian 

and preffontal regions^

Group 4: visual manifestations 

Table 22: Summary of results of investigations of group 4:

Number of cases in group 16

Main interictal EEG spikes. No. of cases Frontal 1, temporal 2, mixed 4

Main ictal EEG association. No. of cases Frontotemporal 2, frontal 1, hemispheric 1

Main imaging association, no. of cases Temporal 6, frontal 2

Seizures characterised by visual manifestations occurred in temporal and extratemporal 

lesional cases. Although it was impossible clearly to differentiate these by the nature of 

the visual manifestation, there was, once again, a suggestion that those cases with frontal 

lesions tended to evolve more rapidly to motor activity. The control of vision and 

stability of the visual image depend on close integration of eye movements with visual 

image and one can postulate that seizures with prominent eye movements may cause 

visual distortion if the appropriate feedback signals to the receptive and association 

cortices do not occur. It is important to note, however, that the cases in this group are 

separate from those in which witnessed eye deviation was associated with a degree of 

visual distortion, in which the visual manifestation was interpreted as secondary and the 

nature of the visual manifestations in group 4, apparently unrelated to external stimuli, 

suggest that the manifestations in the frontal lobe cases in this group were genuine visual 

hallucinations. The 2 pure frontal lesions with this seizure pattern were small; one 

restricted to the orbitofrontal cortex and the other in the SMA. Previous studies have 

demonstrated visual manifestations in seizures arising from the frontal region, including a
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localised orbitofrontal abscess, a subfrontal anterior communicating artery aneurysm, and 

a parasagittal meningioma^^. The orbitofrontal cortex has prominent connections with 

the temporal lobe, via the uncinate fasciculus^^^, and single unit recordings in the SMA 

have suggested it is an additional frontal area with polysensory convergence en route to 

motor output^^»^^^.

Group 5: auditory hallucination 

Table 23: Summary of results of investigations of group 5:

Number of cases in group 2

Main interictal EEG spikes. No. of cases None, 2

Main ictal EEG association. No. of cases Temporal 1

Main imaging association, no. of cases Temporal 1

Both had evidence of temporal origin of the seizure, which is typical of auditory 

hallucinations^. In the case with ictal EEG abnormality, telemetry suggested onset in 

different temporal lobes on different occasions. Whilst undetected spread of seizures with 

apparent scalp onset contralateral to the lesion is well recognised in TLEl^*, the cause of 

the epilepsy in this case was previous encephalitis, which may produce bilateral pathology. 

Both cases, therefore, had probable extrahippocampal involvement, which is typical of 

seizures with auditory manifestations^, but in the lesional case, the abnormality was small 

and sited adjacent to the uncinate gyrus and distant from the superior temporal gyrus, 

more usually associated with the auditory system.
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Group 6: generalised hypotonia

Table 24: Summary of results of investigations of group 6:

Number of cases in group 6

Main interictal EEG spikes. No. of cases Widespread 4

Main ictal EEG association. No. of cases Not available

Main imaging association. No. of cases Frontal 1, temporal 1

It is not possible to localise these cases because of the small numbers involved. There 

appeared to be an association of hypotonia with other pseudo-generalised seizure types 

and in this group interictal EEG spikes tended to be widespread, supporting the possibility 

that this seizure type may reflect widespread epileptogenic abnormalities or rapid seizure 

spread. This is the pattern seen in other studies where drop attacks are associated with 

secondary bilateral synchrony on ictal EEG recording, often with primary mesial fi'ontal 

involvement^^»^^»5^»b1,63,100-102 ^nd drop attacks have been seen with mesial frontal 

lesions^^^ but are less generally associated with temporal lobe abnormalities.

Group 7: early version/posturing 

Table 25: Summary of results of investigations of group 7:

Number of cases in group 74

Main interictal EEG spikes. No. of cases Frontal 19, central 4

Main ictal EEG association. No. of cases Frontocentral high frequency, 7

Main imaging association. No. of cases Lateral frontal 18, fi-ontoparietal 4

Seizures characterised by early version or posturing usually progressed to other simple 

motor phenomena; generalised tonic; clonic or simple automatisms. More complex 

behavioural automatisms were uncommon and there was no difference in the pattern of 

investigative abnormalities in this small subgroup. This seizure type is one generally
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thought to be associated with the frontal and the investigative

findings strongly support this; interictal EEG and ictal EEG consistently involving frontal 

electrodes and rarely temporal electrodes. Only 1 case in group 7 had a pure temporal 

lesion and there was a strong statistical association with lesions of the lateral premotor 

region. This seizure pattern has been associated more fi*equently with the SMA but clear 

differences between the lateral premotor and SMA regions have been difficult to define^^. 

For example Penfield and Jasper^ described adversion elicited from the SMA, but only 

with high currents from the lateral cortex, whereas Morris et al^^ suggested SMA seizures 

only caused adversion when there is secondary generalisation on intracranial EEG. In the 

current study, version and tonic activity were so closely linked, they were classed 

together. This reflects the findings of Chauvel et al, on SEEG, that spontaneous seizures 

restricted to either SMA or lateral premotor cortex are rare, and are likely therefore, to 

share similar clinical f e a t u r e s ^ ^ ?  addition, although the SMA and lateral premotor 

regions have different connectivity and different physiological functions have been 

postulated for each^^, there is considerable overlap in connectivity and substantial 

interconnections between them^^.

The delineation of lesions from CT scans, although not MRI scans, can be difficult close 

to the superior convexity, because of adjacent bone. Since the SMA stretches over the 

superior convexity to the superolateral frontal lobe, a possible criticism is that its 

involvement may have been missed in some cases. This problem was anticipated by 

giving a low positive score to cerebral regions with possible involvement in lesions and 

this, therefore, should not have been a major factor.

There were no consistent differences between subgroups of group 7, in terms of 

investigative findings, suggesting that the presence of an abdominal or other physical aura 

does not affect the localisation of the seizure if there are no more specific features prior to 

the version/posturing. This is consistent with the "temporal lobe auras", previously 

reported from the anterolaterodorsal region^^ and the association of abdominal 

sensations with posturing reported by Penfield and Jasper^, although they attributed this 

pattern to the SMA. Quesney et al^  ̂found focal somatosensory auras were typical of 

SMA seizures, but in the current study, the clinical classification would have placed these
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seizures into a different group (No. 8, see below), and they are, therefore, not directly 

compared here. Where ictal EEG abnormalities were recorded in group 7, they were 

noteworthy for the predominance of high frequency discharges. This pattern is said^^^ to 

be characteristic of a discharge close to the electrode and again would be more consistent 

with a laterally placed discharge than one in the mesial SMA, which would usually only 

manifest as slow waves on scalp EEG and frequently be missed altogether.

Magnetic resonance spectroscopy was performed for a block of SMA in patients with this 

seizure type and there was no significant change in NAA/choline ratios. It is not yet clear 

whether these ratios should be expected to change in the absence of visible abnormality 

on structural imaging, but this result represents another negative in the SMA for this 

seizure type in this study group.

Although a subgroup had very short seizures with rapid recovery, often with very high 

frequency, previously described as typical of this seizure type, this was not true of the 

group as a whole, whereas the relationship to frontal lobe abnormality on investigation 

was across all durations of seizure. This again suggests that it is the early occurrence of 

version or posturing that is the frontal lobe feature, irrespective of seizure duration, and 

therefore, duration alone cannot be used as a guide as to the origin of the seizure^^.

Most patients in this group also experienced daytime and nocturnal seizures, suggesting 

that the overall diurnal variation of seizures did not differ from other groups although a 

subgroup may have exclusively nocturnal attacks, as suggested by Tinuper et al^ .̂

Group 8: focal somatosensory 

Table 26: Summary of results of investigations of group 8:

Number of cases in group 26

Main interictal EEG spikes. No. of cases Temporal 3, frontal 2, central 4,

Main ictal EEG association. No. of cases Pericentral 1

Main imaging association. No. of cases Pericentral 7, lateral frontal 4
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Focal somatosensory seizures sometimes did not progress at all, but in 16 of 17 cases that 

did progress, this was directly into simple motor activity, most commonly version or 

posturing. Tonic postural changes during parietal discharges have been well described^^ 

and whilst the association of Jacksonian sensory seizures with the parietal cortex is 

accepted, the situation with non-Jacksonian seizures is less clear-cut^»^^. The sensory 

manifestations must be interpreted with caution, since they are often rapidly overtaken by 

motor phenomena and associated loss of consciousness and one cannot exclude the 

possibility that a parietal march does occur but that spread of the discharge with 

associated motor activity and loss of consciousness obscure it, or else that the spread 

within the parietal cortex is so rapid that a clinical progression is not perceived. The latter 

is supported by the frequent occurrence of widespread ictal EEG discharges in association 

with parietal lesions^^^.

A number of potential mechanisms for the occurrence of sensory manifestations and tonic 

posturing may be considered. If the seizure is initiated in the somatosensory cortex, it 

may be propagated, either to motor cortical regions, to subcortical regions (e.g. basal 

ganglia) or directly to the periphery, since it has been demonstrated that the parietal 

region contributes to the corticospinal tracts^^^. An alternative possibility is that the 

sensory manifestation is the non-specific initial feature of a motor seizure or reflects the 

patient's initial perception of focal tonic activity in the periphery, in which case the 

initiation of the seizure may be anterior to the motor strip as suggested in SMA 

seizures^^. The evidence from this study is that where lesions are present, they are 

perirolandic, with strongest association with parietal cortex, although some lesions were 

large and extended to the premotor area. There was no evidence to support the 

association of SMA involvement in this seizure type, irrespective of whether the seizure 

was obviously Jacksonian. One case with no demonstrable lesion had previous surgery to 

the orbitofrontal region, an area from which somatosensory manifestations have been 

documented previously^®. Other cases also had bilateral anterior interictal spikes, but as 

noted, widespread distribution is common with parietal lesions. Only one case had ictal 

EEG recording and this too pointed to a central onset.



131

Group 9: focal paresis

Table 27: Summary of results of investigations of group 9:

Number of cases in group 2

Main interictal EEG association. No. of cases Not available

Main ictal EEG association, No. of cases Not available

Main imaging association. No. of cases Lateral fi'ontal 1, superior frontal convexity 1

Focal paresis is a rare seizure manifestation, seen in 2 cases in this study. Of note, in one 

case there was a Jacksonian progression of the paresis suggesting involvement of the 

perirolandic region and the lesion lay slightly anterior to this in the premotor area. The 

other case, in addition suffered Jacksonian motor and Jacksonian sensory seizures and 

was also lesional with congenital atrophy over a wide distribution, affecting the superior 

frontal gyrus on both sides and especially extending onto the lateral convexity 

contralateral to the side of the paretic and Jacksonian seizures. These findings are 

consistent with previous studies that attribute paretic seizures to the dorsolateral fi'ontal 

or to the parietal regions^»^^^. This ictal phenomenon may represent one of the 

uncommon negative manifestations of epilepsy, and since the cortical control of 

movement via the pyramidal pathway, involves both activation of agonists and 

suppression of antagonists via inhibitory effects on spinal intemeurons^^i, one may 

speculate that focal paresis selectively involves inhibitory pathways.

Group 10: Complex partial status epilepticus 

Table 28: Summary of results of investigations of group 10:

Number of cases in group 6

Main interictal EEG spikes. No. of cases Frontal 2, frontotemporal 1 (rare spikes)

Main ictal EEG association. No. of cases Widespread 3, onset not recorded

Main imaging association. No. of cases Frontal 1, temporal 1
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Complex partial status epilepticus was recorded relatively infrequently. Patients who 

suffer CP SE, usually have infrequent attacks and the onset is difficult to define. For these 

reasons, witnessed accounts may be unsatisfactory and would have lead to exclusion of 

these cases. They illustrate, however, the possibility for CPSE to arise from both frontal 

and temporal lesions. The high fi'equency of coordinated aggressive behaviour with 

directed verbal abuse and in one case, physical violence, differs fi'om most reports of a 

non-specific confusional state. Aggression has been reported in some seizures, especially 

of amygdala origin^^^.

Group 11: isolated jerks 

Table 29: Summary of results of investigations of group 11:

Number of cases in group 8

Main interictal EEG spikes. No. of cases Frontocentral 2

Main ictal EEG association. No. of cases Generalised 1

Main imaging association. No. of cases Frontal 1

Isolated jerks were a second seizure type in all but one case and would not always appear 

to be merely aborted Jacksonian motor seizures, since the two types occurred together in 

only one patient. In the one case in which a structural lesion was identified, however, 

this was a dysplastic region involving both precentral and premotor regions, suggesting a 

similar localisation. Where there were spikes on interictal EEG, these were pericentral; in 

the one case with purely unilateral arm jerks, the strictly focal contralateral spikes at F3, 

close to the motor homunculus, supports the involvement of this region. The unilateral 

jerk may, therefore be an alternative expression of motor cortex ictal activity.

Where myoclonus and more prolonged somatomotor seizures, either clonic or tonic, 

coexist, SEEG suggests the former is a fragment of the latter^^^. Previous investigators 

have suggested a similar localisation for epileptic myoclonus^^^ and shown stimulus 

sensitivity to be an important feature of this condition in many cases. In this study, no 

history of stimulus sensitivity was obtained, but patients were not examined during a
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period of epileptic activity and their seizures were not termed myoclonic, since this 

diagnosis denotes a specific electrophysiologic and electromyographic entity and such 

measurements were not made.

Group 12: Jacksonian clonic 

Table 30: Summary of results of investigations of group 12:

Number of cases in group 14

Main interictal EEG spikes. No. of cases Frontocentral 2

Main ictal EEG association. No. of cases Frontocentral 1

Main imaging association. No. of cases Frontal 4, Parietal 1, Pericentral 1

Focal Jacksonian clonic seizures usually evolved to full unilateral clonic seizures, before 

generalising and were often associated with turning of the head. This seizure type is 

classically associated with the prerolandic cortex^^^ and this was reconfirmed in this 

study. Only 2 cases did not appear to involve this region and both involved immediately 

adjacent cortex; the perirolandic cortex is increasingly considered sensorimotor in 

function with both prerolandic and postrolandic components contributing to motor and 

sensory fijnction^. Only one third of pyramidal tract neurons originate from area 4, the 

remainder coming from parietal and premotor cortex^^^ This may partly explain the 

close association of this seizure type with lesions extending across these three areas. The 

absence of more complex behavioural automatisms in this subgroup may be because the 

initiation of the seizure is downstream of the regions involved in motor planning, at a level 

more closely involved with activation of specific muscle groups. The fi'equency of 

postictal Todd's paresis illustrates the intimate relationship between the perirolandic 

region and muscle activity.
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Group 13: Seizures with generalised motor activity

Table 31: Summary of results of investigations of group 13:

Number of cases in group 47

Main interictal EEG spikes. No. of cases Frontal 11, temporal 3, central 2

Main ictal EEG association. No. of cases Frontal 7, frontotemporal 2

Main imaging association. No. of cases Frontal 9, temporal 5

Generalised tonic and tonic-clonic seizures were not associated with particular lesion 

sites. This differs from some studies which suggested that this is more characteristic of 

frontal, especially mesial frontal lesionsl^^»!^^. A possible explanation of the difference is 

that if there was significant asymmetry of the initial tonic posture than it was classed as 

version/posturing; 16 cases classed as tonic posturing in group 7 went on to generalised 

hypertonia and these were characteristically frontal. There was a tendency for generalised 

motor seizures to be associated with widespread interictal EEG abnormalities, perhaps 

reflecting either rapid spread of discharges or a large or multifocal epileptogenic region, 

although in those with identified lesions, the lesions were no larger than in cases with 

clinically localised seizure onset.

Of note was the finding that of 3 cases with identified lesions and seiimres characterised 

by bilateral clonic activity with preserved awareness, 2 were frontal parasagittal 

meningiomas, the only such lesions in the study. The mechanism for this may the 

simultaneous activation of bilateral motor centres without spread to other regions, 

although, as higher motor centres have a degree of bilateral representation, bilateral 

discharges may not be a requirement for the generation of bilateral motor activity^^.
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Group 14: motor agitation

Table 32: Summary of results of investigations of group 14:

Number of cases in group 30

Main interictal EEG spikes. No. of cases Frontal 4, central 2

Main ictal EEG association. No. of cases Frontal 7, frontotemporal 2

Main imaging association. No. of cases Orbitofrontal, frontopolar 7

Of all the groups, this one had the timing characteristics attributed by many authors to 

frontal lobe epilepsy; high seizure frequency, a high incidence of nocturnal attacks, and a 

tendency to short duration and rapid r e c o v e r y 2 2 2 .  Imaging positive cases showed a 

strong association with orbitofrontal and frontopolar regions, consistent with previous 

studies^^’̂ 1’̂ 2 .̂ Most of the ictal EEG abnormalities were recorded in scan negative 

cases, and these too were consistent with a frontal abnormality in all but one case. 

Interictal EEG was often normal, but where localised spikes were identified, they were 

mostly frontal, again supporting this localisation. This group has, therefore, strong 

localising evidence to the frontal lobes in the majority o f cases and most likely to the 

frontopolar/orbitofrontal region.

An aura of olfaction/gustation was recognised in some cases and has been described 

before from the orbitofrontal region^l^. Despite these initial sensations, the cluster 

analysis separated these cases from those in group 1 and allocated them to the group with 

general motor agitation. The different investigative findings of these two groups highlight 

the importance of considering the seizure sequence and not just the first symptom and 

also illustrate the power of cluster analysis as a method for analysing the whole seizure 

and making divisions that may not be intuitively obvious. Two cases with gustatory 

symptoms had documented frontal lobe lesions; one associated with a frontal lobe ictal 

EEG abnormality. The case with vague olfactory symptoms had bitemporal interictal 

EEG spikes but ictal EEG was masked by artefact from the outset. It is recognised that 

lesions of the orbitofrontal region can impair olfactory and gustatory discrimination and it



136

is not, therefore necessary to invoke seizure spread as a mechanism underlying this 

manifestation. Alternatively the prominent uncinate fasciculus may mediate extremely 

rapid spread of epileptic discharges in some cases, from this area to the temporal lobe, 

which is more characteristically associated with olfaction and gustation^’̂ ^  ̂and this 

transmission has been documented in both directions by SEEG in spontaneous 

seizures^

The associated characteristics have been described in relation to frontopolar seizures; 

bizarre vocalisation and autonomic changes^^’̂ ^’̂  18,222 Motor agitation can be 

produced by stimulation of this region of cortex in animals^^^ and its importance in 

autonomic control in various systems, including cardiovascular, respiratory, urinary and 

thermoregulatory is supported by anatomical and physiological studies^^^. Abdominal 

aura, as seen in this study has also been claimed to be a frequent accompaniment of 

seizures of this region^ 18.

Summary of major associations of clinical seizure types

There were 4 patterns localisable outside the temporal lobes. Jacksonian motor seizures 

were associated with perirolandic lesions and, where EEG abnormalities were present, 

these were consistent. Somatosensory seizures were associated with lesions more 

posterior in the perirolandic/parietal area. Seizures characterised by version/posturing 

were associated with lateral premotor lesions (18 of 29 lesional cases) and with frontal 

EEG abnormalities. The pattern of ictal EEG abnormalities in this group was of fast 

activity, supporting the involvement of superficial cortex and at variance with other 

studies, which suggest a primary role for the mesial SMA in this type. Seizures with 

frenetic motor agitation were strongly associated with lesions of the orbitofrontal (8 of 13 

lesional cases) and frontopolar cortices and with consistent frontal EEG abnormalities. 

This seizure type was the only one to be characterised by brief, predominantly nocturnal 

seizures, with rapid recovery, said to be typical of FLE in other studies. Other subjective 

seizures, including olfactory, fear, visual, experiential and auditory were more associated 

with temporal lobe abnormalities on investigation, although no one group achieved 

significance at a level of 0.001. Absences were significantly associated with temporal lobe
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lesions but with various abnormalities on interictal and ictal EEG. In all groups, except 

somatosensory and focal motor seizures, there were substantial minorities that did not 

conform to the statistically significant associations on neuroimaging and EEG associations 

of the majority of cases in that group and yet were clinically indistinguishable. Though 

these relationships are statistically significant, they are, therefore not absolute and the 

predictive value of the seizure pattern is limited for many seizure types.

Epilepsy with startle-provoked seizures

This syndrome is characterised by seizures precipitated by stimuli of various modalities, 

most commonly noise, but only in a specific context. The same stimulus that triggers a 

seizure if unexpected, will have no effect if the patient is warned. ESPS has been 

reported intermittently over the last 40 years, especially by Gastaut, Bancaud and their 

groups^^^’̂ ^^’̂ ^^’2^^’̂ ^^’̂ ^ .̂ Patients described previously have usually suffered severe 

epilepsy, associated with moderate to severe handicaps. Although some of the current 

series were similarly affected (table 39), others were clinically normal, with normal 

intelligence. This latter group affords the opportunity of trying to localise the region 

responsible for startle sensitivity without the confounding factors of widespread damage 

often associated with fixed neurological deficit.

Epilepsy with startle provoked seizures appears to be commoner than suggested by the 

relative scarcity of previous reports and this is probably because it is a transient 

phenomenon in the individual's seizure history. Although typically starting in childhood it 

may not occur until adult life, and may still be associated with MRI abnormality 

suggesting congenital aetiology, even in the absence of fixed clinical deficit. Seizures are 

most effectively triggered by noise and other modalities appear to be less consistent, but 

this may merely reflect the relative potency of noise to cause startle in normal individuals. 

The seizure type was consistent with that in other series; most commonly of tonic 

posturing, although atonic seizures have been reported especially in association with 

Trisomy 21 and this may represent a special case^41. Scalp EEG showed various 

abnormalities interictally and a normal EEG is well recognised. Even during the seizure, 

all that may be seen is a vertex spike, which is relatively non-specific and followed by
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muscle artefact because of the prominent motor component to the seizure. Intracranial 

EEG is often required to localise the discharge but has only been reported in one large 

series^^^. This pointed to discharges originating in either the mesial frontal lobe alone or 

both mesial and lateral frontal lobes. Our MR cases, in 4 of whom there were no 

neurological signs and who, therefore, represent a selected subgroup, suggested that the 

brunt of structural pathology was lateral cortical.

One possibility that may account for this difference is that these seizures may arise from 

more than one region, or as has been suggested by Chauvel et al^^^ from SEEG, that 

seizures rarely remain restricted to either lateral or mesial premotor regions, producing 

overlap in their manifestations.

Teleologically, one may ask what mechanisms may underlie ESPS. It appears to 

represent a pathological response to sensory stimuli in various modalities, but only if 

presented in a certain context, related to some feature of the patient's attentional state.

The lateral premotor cortex, rather than the SMA is thought to be especially involved in 

the sensory guidance of movement, a function perhaps related to the sensorimotor startle 

response^^.

In contrast to stimulus-sensitive myoclonus, ordinary sensory evoked potentials have not 

shown any consistent abnormality^^, although performed in patients with fixed deficits 

and are, therefore, difficult to interpret. Late component evoked potentials would be of 

especial interest in view of the importance of attentional factors in the response. There is, 

therefore, no current measure of startle sensitivity in these patients except the generation 

of seizures. Startle sensitivity may be transient in a patient's epilepsy history and hence 

partially dissociable from the continuing seizure diathesis.

Polymodal sensory inputs are to be found in the perisylvian region; the prearcuate cortex 

in the lateral frontal region^^ and have also recently been described in the SMA. Limbic 

connections, which may be the substrate of the attentional component, are important in all 

these regions. Mountacastle's group described perisylvian neurons in the monkey that 

fired in response to sensory stimuli only if certain attentional conditions were met '̂̂ '*. It 

may be that the junction of polymodal sensory cortex and limbic inputs provides the 

startle sensitivity that feeds forwards to a pathological motor response at a remote site.
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This abnormality would appear to be a combination of "hard" and "soft" wiring, since the 

underlying defect is usually congenital and yet the effect transient in the patient's history. 

The clinical, electrophysiological and imaging features support a cortical origin to this 

phenomenon in contrast to idiopathic startle disease, where no definite cortical 

abnormalities have been identified and elctrophysiological tests point to an exacerbation 

of the physiological startle response, mediated from brainstem level^^»^"^. The major 

difference between the syndromes are summarised below.

Table 33 : Features differentiating hyperekplexia from ESPS

Feature ESPS Hyperekplexia

Motor development Normal or Spasticity Infantile hypertonia (non-spastic)

Mental development Normal or impaired Normal

Family history Normal May be positive

Automatic obedience Never Sometimes

Seizure stimuli Often independent of startle Startle only

Seizure pattern Usually focal tonic Exaggerated startle

Interictal EEG Variable Normal

Ictal extracranial EEG Occasional focal abnormality Vertex spike

Startle latencies Non-brainstem Brainstem origin

Imaging Usually cortical abnormality May have brainstem abnormality

Association of seizure types

In this study there were 13 cases with an association of absences without specific warning 

and generalised motor seizures - pseudo generalised epilepsy. Possibly these seizures may 

have appeared generalised because the patient could not recall early subjective focal 

events after the obtundation of a generalised motor seizure or the amnesic effects of an 

absence seizure. It is interesting, however, that this was the only significant association of



140

seizure types to emerge in this study and suggests that absences and generalised motor 

seizures are linked, not just in the generalised epilepsies, which may give a clue to the 

pathophysiology of both primary and secondarily generalised epilepsies. There were no 

obvious shared investigative features in this group of 13 patients; in particular interictal 

EEG's, where positive, were not generalised, although bifrontal in 4. Unfortunately ictal 

EEG was not available in these cases. The associations of these generalised seizure types 

with each other poses questions regarding the nature of secondary generalisation; the 

relationships of secondary generalised seizures to primary generalised epilepsy syndromes 

which share similar associations of seizure types and the mechanisms underlying 

generalised epileptic manifestations.

The nature of secondary generalised seizures - speculations

Seizures with generalised features and no focal clues, (including absences, tonic, tonic- 

clonic and atonic seizures) were the only seizure types in only 14 (8%) of the 168 patients 

selected on criteria other than clinical seizure pattern. In the substantial majority of 

patients, therefore, any investigative evidence of partial seizure origin was likely to be 

associated with focal features in at least one of their seizure types. This is a higher 

proportion than in most studies, partly related to the selection criteria but suggests a high 

degree of accuracy of clinical assessment, probably related to the detailed prospective 

collection of clinical data.

The concept of the generalised seizure in relation to localised pathology needs careful 

evaluation, since it relates to principles derived from consideration of primary generalised 

epilepsies. These are electroclinical entities with a constitutional element, and in the case 

of juvenile myoclonic epilepsy a possible specific location of the genetic abnormality. 

Other epilepsies are characterised as generalised for example Lennox-Gastaut syndrome in 

which the seizures appear generalised, the EEG appears generalised and the pathology 

generalised or multifocal, for instance tuberose sclerosis. When applied to these 

syndromes the term "generalised" means a generalised electrographic syndrome with 

symmetrical motor accompaniment or else absence. The concept of secondary
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generalisation from a partial seizure can be understood in these terms; the seizure evolves 

from a partial pattern to the electrographic or clinical features of a generalised epilepsy. If 

that evolution is sufficiently rapid, then the seizure may be interpreted as generalised from 

the outset and its regional onset not appreciated, unless there is postictal focal 

neurological deficit e.g. dysphasia or paresis. The major clinical features of generalised 

seizures are symmetrical motor activity either positive; tonic, clonic or myoclonic, or 

negative; loss of tone or movement, and loss of awareness. The resulting forms of 

seizures in adults are generalised tonic, generalised tonic-clonic, myoclonic, hypotonic and 

absence. That these seizure types are associated in patients with evidence of partial 

onset, raises questions regarding the nature of the association and whether there is any 

anatomically localisable component in primary generalised epilepsies that share the same 

combinations of seizure types.

The substrate for generalised motor seizures is present in unilateral form in partial 

seizures; unilateral clonic and unilateral tonic seizures and paretic seizures for hypotonic 

attacks. If progression is slow, the seizure appears to start as a focal motor attack and 

may progress to a generalised attack. Ictal EEG studies by other groups have suggested 

that rapid generalisation is due to rapid propagation of discharges between 

hemispheres^^^‘1^  ̂and that these may present as pseudo generalised discharges as is 

often the picture seen with mesial hemisphere lesions. In this study, there were 6 cases 

with clear preservation of awareness associated with bilateral clonic seizures and those 

that were lesional, were all prefrontal with 2 parasagittal meningiomas. It is therefore, 

possible to dissociate bilateral clonic activity from loss of awareness in the presence of a 

lesion situated in an ideal position to cause bilateral motor activity, without generalised 

disturbance. Direct brain recordings from some patients with generalised convulsions 

have suggested origin in the prefrontal regions^"*  ̂consistent with these findings.

In patients with primary generalised absence there is a generalised discharge, but there is 

evidence for variable functional deficit, both between patients and in one individual at 

different stages of the spike-wave discharge. Evoked potential recordings show clear 

responses suggesting some primary sensory cortex function^^; careful 

neuropsychological demonstrates very variable levels of amnesia after "absence"
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attacks^"^ ,̂ suggesting some retention of integrative function and the maintenance of 

postural tone during the absence is also against a universal cerebral dysfunction, or even 

of temporary generalised disconnection and in favour of focal elements. The intuitively 

appealing idea that loss of awareness is a manifestation of a widespread cerebral 

dysfunction is, however, not supported by reports from stereotaxic EEG that it may occur 

in association with discharges restricted to a single hippocampus^^ or to the frontal 

pole^^ and that the onset of generalised discharge does not coincide with the onset of 

altered awareness in petit mal^^®. Perhaps it is better to consider absence seizures in 

terms of what they are not. Foremost there is an absence of motor activity and of 6 

frontal lesional cases with absences in this study, none involved the primary motor 

cortex, although distributions were otherwise variable. Moreover, by definition, there are 

no focal sensory features, or if sensory manifestations occur, they are masked by 

subsequent loss of awareness and amnesia. Possibilities for the origin of these seizure 

types are, therefore, remote from primary motor and sensory regions; association, limbic 

and prefrontal are prime candidates. Absence like episodes can be produced by 

stimulation of temporal or prefrontal cerebral regions, but it is the latter that are 

associated with generalised discharges and these may be indistinguishable from those of 

classical petit mal. Unilateral carotid amytal blocks discharges bilaterally^^ 1 in PGE 

suggesting that synchronisation may be mediated partly at cortical level. Moreover, 

spontaneous petit mal is characterised by discharges that phase-reverse at the mesial 

frontal electrodes and in some cases of petit mal histopathological examination has yielded 

microdysplasia of the frontal cortex252

There may, therefore, be focal elements to primary generalised seizures, identical 

electroclinical manifestations may be elicited from focal cortical lesions. In a generalised 

convulsive seizure the primary motor cortex is activated, dominating the clinical picture 

and preventing the expression of more complex motor seizure manifestations originating 

upstream. In selected cases this may occur in the absence of loss of awareness, and 

equally absences may occur from prefrontal seizures without motor activity, suggesting an 

anatomical double dissociation of these "generalised" manifestations and complex 

relationships between the clinical manifestations of partial and generalised seizures.
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Analysis of localisation of individual symptoms

The analysis of individual symptoms showed that the major symptoms defining the seizure 

types in the clinical classification had most localising significance, supporting the clinical 

classification. Since these were not always the first symptoms of the seizure, and there 

may have been earlier less specific symptoms e.g. cephalic sensations, this highlights the 

importance of looking at the whole seizure and not merely analysing the first symptom 

and supports the use of cluster analysis, and flowcharts, which were designed to compare 

whole seizures albeit with emphasis on earlier symptoms.

Sensory symptoms

Apart from focal somatosensory symptoms, associated with the parietal and pericentral 

cortices, most subjective symptoms were associated with the temporal lobe. These 

seizures may be very difficult to classify, not least because of the frequent occurrence of 

more than one symptom of localising significance in the same seizure. As they all appear 

to be associated with the temporal lobes, however, this fact may have masked any errors 

in classification. A recent study of epileptic auras had very similar results^^, despite a 

slightly different classification of experiential symptoms, supporting the idea that further 

resolution, although of undoubted conceptual interest, is of limited importance for 

surgical localisation. The main differences in results from that study, were that they 

suggested a specificity for abdominal and general physical sensations. In the current study 

these were found not to have localising value, supporting the categorisation of seizure 

types on the basis of other features irrespective of the presence of abdominal sensations. 

Subgroups with these sensations were considered, however, and in none did these 

manifestations appear to confer different investigational characteristics on the subgroup, 

although numbers were small. For example fear behaviour, with a high incidence of 

abdominal aura was associated with temporal lobe lesions, whereas motor agitation, also 

with a high incidence of abdominal aura, was associated with frontal lobe abnormalities. 

Even analysing specific rising epigastric sensations separate from other abdominal 

manifestations did not yield any difference. This is consistent with the wide variety of 

sites from which such sensations have been documented^»^^. Although Palmini et al
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found an association with general physical sensations and frontal lobe epilepsy, this was 

only in the retrospective group and not in the prospective group which is more 

comparable to the current study^^.

Apart from the group of abdominal and general body sensations, the aura was highly 

specific in its localising value. This is consistent with previous findings supporting the 

high value placed on the presence of certain auras in seizure localisation^^»^^^. At the 

time of the aura, the patient already knows that he is about to have a seizure and yet over 

50% of auras are not detectable on scalp EEG^^^. Even intracranial EEG frequently 

misses the aura^^^, presumably through sampling error of the small volume of tissue that 

can be analysed by intracranial electrode placement. This suggests that the aura 

represents a time at the onset of the seizure, when the seizure can be detected by the 

patient but is so localised that it cannot be detected at the scalp and does not spread far 

enough to be detected by nearby intracranial electrodes. Moreover, in order to be able to 

report the aura the patient has recall for early events in the seizure and by definition is 

conscious. This contrasts with motor symptoms which are objective manifestations 

during which the patient does not have to be aware, and therefore, are inherently less 

reliable, as there is necessarily more doubt about the very first symptoms of the seizure. 

By comparing seizures from frontal lobes with a temporal lobe control group, this study 

points out not only that certain specific auras are associated with the temporal lobes, but 

that their absence is likely to point to the frontal lobes in this context. This suggests that 

the absence of a specific temporal lobe aura often implies origin outside the temporal 

lobes and is not just due to failure of the patient to recall an aura because of the effects of 

subsequent events on recall and helps in differentiating temporal from extratemporal 

seizures, when there are no other specific features of TLE.
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M otor symptoms

Even if not the very first symptom, motor symptoms had the most powerful localising 

significance, only when occurring early in the seizure, especially when falling into highly 

characteristic patterns of motor activity. This is consistent with previous findings in 

relation to localisation of head turning, where they were found only to represent frontal 

lobe discharges if at seizure onset^^. The most specific motor pattern is generally 

recognised to be Jacksonian clonic, and the paracentral lobule was involved in all lesional 

cases in this study. This is probably because seizure activity in this region has direct 

access to the peripheral musculature, without having to go through other cortical or 

subcortical regions and there is a very obvious topography of this relationship which is 

reflected in clinical seizure evolution if there is slow seizure spread^. When analysing 

seizures with non-Jacksonian motor onset, other characteristic patterns of motor 

activation must be sought and one is forced to ask fi'om how far back along the 

sensorimotor pathways in the cerebral cortex they originate and the route via which this 

activity is manifested. Frenetic motor activity and version/posturing seem to be relatively 

specific to different regions of the frontal lobes but their route of expression is unclear. 

SPECT has suggested early activation of the contralateral basal ganglia in TLE associated 

with head turning and intracranial EEG has shown conflicting results; sometimes 

preferential spread of temporal discharges to the frontal lobes^^’̂ 54,255̂  prior to 

contralateral temporal involvement and sometimes vice-versa. Wieser^^^ applied cluster 

analysis and other multivariate techniques to the spread of seizure discharges in 

psychomotor seizures and also found varying patterns of spread.

Early lesion studies showed that the primary motor cortex was essential for the expression 

of motor activity induced by SMA stimulation^^^, suggesting it is an important final 

common pathway, although whether this is via a cortico-cortical connection or basal 

ganglia loop is not certain.
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The nature of lesional analysis and pathophysiological correlates

It is important to note that the associations of different seizure manifestations with 

different structural lesions was a statistical rather than an absolute one in most cases. This 

has implications both for pre-surgical assessment and understanding of the generation of 

these manifestations. Only somatosensory and Jacksonian motor manifestations were 

almost invariably associated with particular cortical regions and this may be because these 

regions have functions restricted to one system with an intimate relation to peripheral 

effector organs. The next most highly correlated manifestation was frenetic motor 

activity associated with the frontopolar/orbitofrontal regions. This seizure pattern was 

seen in half of all cases with such lesions and equally 8 of 13 lesional cases in which this 

was a seizure pattern included this region. Although statistically a highly significant 

association, there was therefore, a large proportion of cases in which lesions in the 

appropriate areas were not associated with this seizure pattern and in which distant 

lesions produced this pattern, that need to be explained. There are several considerations. 

First, the statistical method was used to overcome the problem of large lesions which 

form the majority of epileptogenic lesions within the frontal lobes. In some cases the 

epilepsy may have been generated at a distant site in a large lesion, even though 

orbitofrontal and frontopolar cortices were involved. Second, some lesions may be a 

marker of more widespread abnormalities and this may be particularly true of 1) 

congenital dysplastic lesions whose scan appearance may be the macroscopic 

representation of diffuse abnormalities of connectivity e.g. tubers in tuberose sclerosis; 2) 

post-traumatic lesions, where contre-coup and shearing injuries may be more widespread 

than is apparent from the scan; 3) space occupying lesions which may cause distant 

epileptogenesis via pressure effects. Third is variable functional anatomy; speech 

localisation may cross hemispheres after cerebral damage early in life and it is unknown to 

what extent other functions may redistribute after the early insults that are responsible for 

much epilepsy and how this may be reflected in altered pathophysiological expression 

during seizures. In one recent case, redistribution of somatosensory evoked potentials and 

motor stimulation sites was demonstrated with intracranial electrodes^^^. Fourth is the 

functional heterogeneity of association cortex, which means that different seizure patterns
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may be generated from the same regions according to which systems are involved. This 

can be demonstrated over very small distances by variations in connectivity and single cell 

recording properties, such that even very small lesions may involve subregions with 

possibly very different functions. Contrast this with the primary sensory and motor 

cortices, which appear to be more strictly dedicated to an individual function, with a 

specific relationship to peripheral organs and whose seizures are clinically the most easily 

localised. (Our better understanding of the functions of the paracentral lobule relates 

directly to these considerations.) Fifth, a related phenomenon, that of parallel and 

distributed processing, in which different brain regions subserve similar functions or 

different aspects of the same function, such that seizure activity in either may produce a 

similar manifestation, for example the widely separated regions involved in the control of 

eye movements^^. Sixth, the possible effects of interference with corollary discharge 

mechanisms: corollary discharges were hypothesised to explain the differential effects on 

sensation of passive and active movements. For example, if the eyes are abducted actively 

the world appears to stay still, whereas if they are abducted passively, the world appears 

to move. A functional disconnection of corollary discharge pathways during the seizure 

could lead to ictal sensations, even though sensory cortex is not directly involved in the 

discharge.

All these potential mechanisms may be responsible for the anatomical diversity of the 

generation of symptoms without even invoking the spread of seizure discharges which 

undoubtedly occurs very early in some seizures. This spread may take only 

milliseconds'^^’̂ '̂̂ , yet the clinical assessment of seizures is over seconds to minutes. The 

ultimate resolution of the clinical method, therefore, can never match the potential speed 

of seizure spread and its aim must be restricted, therefore to the identification of typical 

seizure syndromes, and the acceptance that many seizures may remain unlocalisable by 

this technique.

For example, in a significant minority of cases, sensory stimuli were associated with 

frontal lobe lesions. If the origin of the epilepsy is considered to be genuinely frontal then 

a number of explanations can be hypothesised. First, the discharge is silent until it has 

spread to posterior sensory cortex, via frontofugal pathways that are well
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describedl^’2^^’2^ ;̂ second that the activity of frontal neurons with polymodal sensory 

input is registered as a sensory manifestation and third the possibility of corollary 

discharge effects, as described above.

Flow of seizure manifestations

The interactions of different seizure manifestations on our ability to measure what is really 

going on during the seizure complicates interpretation of the seizure but the flow charts 

allow some tentative suggestions regarding trends that appeared. All seizure types 

relatively frequently evolved into simple clonic or tonic motor activity and there was 

divergence of cases at a relatively early stage of nearly all seizure types. Those starting 

with visual, experiential, olfactory/gustatory manifestations usually developed an absence 

first, suggesting that the path to such motor activity is not direct. This is supported by the 

finding that those in group 2, characterised by absence without focal onset, had the lowest 

incidence of evolving to tonic or clonic activity (22%) at any stage of the seizure.

Seizures that did not start with or develop simpler forms of motor activity, more 

frequently evolved into complex behavioural automatisms and consequently these 

automatisms were associated with temporal lobe seizures. In the somatosensory group, 

nearly all cases that progressed, developed tonic or clonic motor activity and in contrast 

to other subjective onsets, this was without intervening absence in all cases. In this study 

these seizures appeared to be mostly parietal in onset and this evolution may be because 

of the intimate relationship between somatosensory and somatomotor cortex. In the 

monkey, the somatosensory cortex appears to be the only sensory modality to project 

directly to the premotor region posterior to the arcuate sulcus, other modalities projecting 

anteriorly to the prearcuate, prefrontal regionl^. Similarly hippocampal efferents, via the 

fornix, do not project near to motor cortices. An alternative explanation in other 

studies^’2 ^ , is that the frontal cortex itself may give rise to the somatosensory aura before 

motor activity ensues, or that the sensation is the first appreciation of the onset of motor 

activity^^ but this is not supported by the current data.

The only case that developed behavioural automatisms in the somatosensory group did 

not have intervening simpler motor activity, in contrast to the 19 in which the converse



149

was true. The nature of behavioural automatisms is uncertain; hypotheses include the 

involuntary activation of a learned behaviour motor plan and the response of a confused 

individual to the s e i z u r e ^ l ^ .  Against the former is that such automatisms have never been 

elicited by direct electrical stimulation of the brain with implanted electrodes, without an 

afterdischarge. Fear behaviour may be an example of the latter mechanism, but in the 

absence of a highly specific stimulus such as fear, it is difficult to see why individuals 

should perform complex, stereotyped activities such as bed-making in so a reproducible 

fashion after each seizure. In the majority of patients with automatisms there is complete 

loss of awareness during the automatisms, although in a minority of patients, including in 

this study, there is vague recall of the automatism, suggesting that loss of awareness is 

usual, but not an absolute requisite.

There appears to be a paradox in that complex motor activity and behavioural 

automatisms are more associated with temporal lobe than with frontal lobe which is said 

to be involved in motor planning^^. One possibility is that these manifestations are due to 

activation of subcortical motor centres and early hypermetabolism of the basal ganglia has 

been documented in TLE associated with head turning by SPECT in humans and in other 

epilepsies by early depth recordings'^. It is unlikely, however, that these complex 

behaviours occur entirely without cortical involvement and some PET and intracranial 

EEG studies^^^’2^  ̂suggest direct intercortical spread, which would be consistent with 

the patterns of seizure evolution discussed above, with seizure manifestations feeding 

forward from sensory to motor along recognised intercortical pathways.

A possible mechanism for automatisms is that they are a release phenomenon of the 

frontal lobes and consistent with this is the finding that automatisms are associated with 

temporal rather than frontal discharges"^»"^ .̂ The current data suggest an inverse 

relationship between behavioural automatisms and simpler motor activity. If a seizure 

discharge involves the primary motor cortex at an early stage, then it is unlikely that the 

regions upstream will be able to coordinate the musculature into a complex behavioural 

automatisms and seizures with simpler motor activity rarely exhibited automatisms. If the 

seizure activity starts in the temporal lobes and rapidly spreads to the motor cortex, then a 

motor seizure will ensue, for the same reasons. Whereas if the seizure is restricted to the



150

temporal lobes, producing an absence episode and the frontal lobes remain uninvolved in 

direct seizure activity, complex behavioural automatisms may be expressed by a release 

phenomenon.

Although flow from sensory to motor manifestations was seen frequently, the converse 

was not the case. In some patients there was pain associated with tonic posturing or 

visual distortion associated with ictal eye movements, which were probably direct effects 

of peripheral seizure activity rather than intracranial spread of discharges. There are 

several potential explanations for the absence of flow of manifestations in this direction. 

First, is that in the presence of ictal involuntary motor activity, a conscious patient may 

not appreciate any associated sensations, unless they are very marked e.g. pain or involve 

another system e.g. vision. Second, the involvement of both sensory and motor cortices 

reflects a wide area of cortical involvement and is likely to be associated with loss of 

awareness; if the sensory manifestation is not first, it may not be appreciated. Third the 

main fibre pathways are from sensory to motor and this may reflect the dominant route of 

spread of discharges, as has been suggested by EEG and PET studies^^»^^^. These 

hypotheses cannot be tested using purely clinical methods, in view of the other 

confounding possibilities and as others have suggested propagation via unusual 

pathways^62 in some seizures, this further complicates the analysis.

Absence is denoted by loss of awareness, associated with paucity, if not arrest, of motor 

activity. By definition, therefore, it is unlikely to occur in seizures of those areas which 

are intimately associated with motor activity and this is supported by the strong 

association in this study with temporal lobe auras and abnormalities on investigation. 

Absence following from motor activity was not seen in this study.

Special imaging

The pilot study of magnetic resonance spectroscopy (MRS) failed to show any significant 

abnormality of the SMA. This investigation was, however, conducted on the basis of the 

clinical impression of SMA seizure type, prior to cluster analysis, and subsequent analysis
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of the seizure type allocated 7 of the 9 patients, who underwent MRS, to group 7 and 2 

to group 14, suggesting they may not have been entirely homogeneous. This could mask 

a genuine association but the patients allocated to group 14 did not have the highest 

NAA:Cho/Cr ratios of the patients, suggesting this is not a major factor. It remains 

unclear whether an abnormality in the ratio is to be expected in the absence of a neuron- 

depleting lesion visible on structural imaging, so the negative result cannot be interpreted 

as signifying no abnormality in the SMA. High resolution structural imaging, however, 

illustrated dysplastic appearances in the lateral frontal cortex of 6 of 7 patients with group 

7 seizures. Repeat MRS with a voxel over this region would be of interest to answer this 

question.

High resolution magnetic resonance imaging had a very high (85%) detection rate of 

abnormality in selected, previously scan-negative patients in this study. Both unsuspected 

foreign tissue lesions and appearances of NMD were identified, with anatomical 

distribution and seizure correlates that appeared consistent with more gross lesions, 

identified with other investigations.

The specific association of the appearance of congenital abnormalities in the lateral frontal 

area with seizures of tonic posturing is of interest. Lesions are rarely discovered 

underlying these seizures and EEG usually points to the SMA^’̂ *̂227 Also of note is the 

high incidence of bilateral scan abnormalities, even with seizures that appear clinically 

lateralised, with consistent unilateral head turning and consistently unilateral EEG 

abnormalities. This finding may explain the especially poor success rate of these cases at 

surgeryl^^ and is consistent with the concept of secondary seizure generators, masked by 

the primary generator preoperatively, but expressing a seizure diathesis postoperativelyh).

Inter-relationships of investigations

Patients were selected on the basis of abnormalities on an individual investigation, without 

reference to other investigations. This provides an opportunity to assess concordance 

between investigations, which is not possible from post-surgical series since concordance 

is a criterion for selection for surgery. The relationships of the different modalities of
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investigation to each other and to the seizure pattern showed a high degree of 

concordance, in view of the relatively unselected nature of this population.

Laterality

The laterality of most clinical manifestations is impossible to establish. The most reliable 

are focal clonic and focal sensory and even the primary motor cortex representation of the 

upper face is bilateral. In no case in this series was the somatosensory manifestation of a 

seizure ipsilateral to a unilateral structural lesion and in only one of 12 cases with early 

clonic activity was this ipsilateral to the lesion, supporting the reliability of these 

manifestations. Similarly, in all cases early clonic activity, with lateralised ictal EEG 

abnormality, this colateralised with the clinical pattern. In all 17 patients with focal 

sensory and focal clonic symptoms, either in the same seizure or in different seizures, the 

latéralisation was the same. By contrast, clonic activity later in the seizure could occur on 

either side in relation to investigational abnormality. Where there was discrepancy 

between ictal or interictal EEG and side of focal jerking this was usually a bilateral EEG 

rather than a strictly discordant EEG.

Estimates of the proportion of ictal head turning that is contralateral to the epileptic 

process, vary from 3 3 - 1 .  This study was in the middle of that range and 

perhaps the relative frequency of bilateral pathology, especially NMD's in this study, 

explains the very variable results observed by others, before high resolution MRI 

facilitated detection of subtle bilateral pathologies. The relationship between head turning 

and EEG is thus complex, since both may relatively frequently be bilateral and the 

relationship cannot be considered entirely predictable from this data, although of 33 cases 

with unilateral interictal spikes and unilateral head version, turning was contralateral in 27 

(82%). In the smaller number of lateralised ictal onsets, turning was ipsilateral nearly as 

often as contralateral, irrespective of whether head turning was early or late in the course 

of the seizure.
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Localisation and discordance of investigations

Interictal EEG abnormality tended to be more widespread than that seen on imaging. 

Although discordant patterns were relatively common, they were often in patients with 

very few interictal spikes, which would be considered of low localising significance. The 

overall figure of 21% discordance is similar to that seen in the accompanying population- 

based study from the NOP SE, and may reflect the broad selection criteria of these cases. 

Nearly half of discordant cases had spikes precisely contralateral to the lesion, a well 

recognised feature especially of mesial temporal sclerosis^^^^^.

In several cases with no interictal spikes, ictal EEG showed a specific abnormality. This is 

unlikely to be due to sampling error on the interictal EEG, since in these cases there were 

always long periods of interictal EEG available. There was no suggestion that ictal EEG 

recording was of less value in frontal lobe than temporal cases as has been suggested in 

some studieslO’92,102̂  but this may be partly attributable to telemetry results being a 

selection criterion for some cases. The low rate of major discordance between the 

location of identifiable ictal onset and structural imaging suggests that electrographic 

onset is generally in the region of the lesion and supports the value of the ictal EEG, in 

those cases in which a localised abnormality is identified, irrespective of whether frontal 

or temporal. Where discordance did occur, with all 3 investigations abnormal, there was 

no obvious pattern of which investigation was "odd one out" and no clear clue as to 

which fitted best with the clinical seizure pattern, but numbers were small.

The frequent association of "generalised" seizure types with the discordant cases, perhaps 

suggests a wide epileptogenic region with different investigations highlighting different 

components, leading to apparent discordance of investigations. Alternatively, these 

lesions may be associated with rapid propagation of ictal and interictal activity to distant 

sites and a similar rapid propagation leading to early generalisation of the seizure. Either 

explanation would support the general impression that such cases would have a poor 

post-surgical prognosis.
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Relationship of results to the ILAE classification of frontal lobe epilepsies

The results of this study illustrate that classical syndromes can be defined from certain 

regions of the frontal lobes. The ILAE^ classification describes frontal lobe epilepsies as 

comprising generally short seizures, with little or no postictal confusion. The data from 

this study supports subgroups of seizures that are short in both temporal and frontal 

groups and that within any one clinical type, the short seizures have the same investigative 

associations as the longer seizures. Criteria of duration cannot, therefore, be considered 

useful in localisation and emphasis must be placed on the qualitative, symptomatic content 

of the seizure. The close association of the primary motor cortex with Jacksonian 

seizures was reaffirmed in this study. Two other characteristic patterns emerged. The 

close association of seizures characterised by version and posturing with lesions of the 

lateral premotor region supports the definition of the dorsolateral group of the ILAE. 

Conversely, no specific features of SMA seizures could be identified with statistical 

significance, although it too was involved in a proportion of focal tonic seizures. 

Orbitofrontal seizures were strongly associated with frenetic motor activity and 

olfactory/gustatory hallucination were seen in some cases, consistent with the ILAE 

description of seizures from this area. No separate features of frontopolar involvement 

could be identified. No typical features of cingulate involvement could be identified with 

statistical significance although where frontal epilepsy was associated with experiential 

phenomena, the cingulate was always involved, and this seizure type was also associated 

with autonomic changes, as suggested in the ILAE classification. In common with the 

ILAE classification, no clear pattern was associated with prefrontal cortex. The 

operculum is a very different region to characterise on neuroimaging and lesions often 

appear to overlap more than 1 lobe. No distinctive features clinical features of the 

prefrontal region emerged from this study.

This study, therefore, supported the classification of the ILAE in relation to a number but 

not all seizure groups. In a study such as this, it may be argued that had more individuals 

been analysed, then more distinctions between different regions would have been made.

A word of caution need be expressed, however, as in even the best characterised groups, 

a significant minority of lesions lay outside the expected region. The importance of the



155

prospective analysis in this study, in contrast to postsurgical series, needs to be stressed in 

this regard. Possible mechanisms for these frequent exceptions have been discussed in 

detail. Moreover, in the frontal lobes, lesions rarely sit neatly in one anatomical 

subdivision, unlike in MTS, and consequently the concept of strict parcellation of seizures 

within the frontal lobes is potentially misleading. Underlying these problems of clinical 

classification is the functional heterogeneity of association cortex, resulting in varying 

manifestations from the same region and similar manifestations from different regions and 

that seizure discharges may sometimes propagate over a time scale considerably faster 

than that over which clinical manifestations occur. The clinical method can, therefore, 

only expect to detect classical syndromes of accurate localising significance in a minority 

of cases.
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Discussion of partial seizure types of the National General Practice Study

This is the only population-based, prospective study of epileptic seizures to date, which 

has addressed the question of seizure localisation. This design would be expected to 

confer a different emphasis from previous studies, which have relied on retrospective 

diagnosis from EEG or specialist records, or if prospective, have been hospital

In this partial seizure group, 93% attended hospital. 

Many of these, however, particularly the elderly with known cerebrovascular disease, 

were managed by general physicians, without recourse to specialist investigations and 

other patients attended a variety of specialities (e.g. paediatrics, geriatrics, psychiatry) and 

would not be detected in a study selecting patients from neurological or EEG department 

records. In hospital practice, moreover, patients’ seizures may not be recorded as a 

separate diagnosis, for instance if secondary to acute cerebrovascular disease. A major 

feature of the study design was the measures taken to avoid selection bias at all levels. 

Clinical criteria formed the basis of seizure localisation in this study. This is consistent 

both with the methodology of the cluster analysis of symptomatology in the 

accompanying study and with the emphasis of the ILAE classification on clinical seizure 

patterns.

Partial seizures were identified clinically in 31% of patients with definite epileptic seizures, 

compared to 15-38% in other studies^^"^^^. Of the 594 patients referred to the NGPSE, 

seizures without unequivocal focal or generalised features were seen in 190 cases and 

localisation-related epilepsies without clear focal onset in a further 92 cases. Our 

estimates of partial seizure localisation are, therefore, a minimum, based on the best 

categorised cases. Of partial and secondary generalised seizures with a localisable clinical 

onset, the proportion conforming to a likely frontal location was high (22.5%) with a 

further 38% with frontoparietal or frontotemporal seizure patterns. Whilst the results of 

the accompanying hospital-based analysis suggest that the power of clinical classification 

to predict anatomical localisation of investigative results may be limited, this study used 

clinical categories corresponding to those seizure types with the strongest anatomical 

associations and suggest that even if the minimum number is accepted, FEE is relatively
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common in a general epilepsy population. This contrasts with current opinion, 

suggesting that frontal seizures are relatively uncommon"^^.

For this analysis, we selected only those patients with clearly focal manifestations, 

excluding 92 (36.5%) with localisation-related seizures but clinically unlocalisable seizure 

onset. A number of sources of potential error exist; frontal motor phenomena are the 

most striking, objective seizure phenomena, and may mask more subtle, earlier 

manifestations, arising from other cortical sites, in some cases. Conversely, in the current 

study, frontal lesions, demonstrated on imaging, presented with generalised seizures, a 

feature sometimes said to be associated more commonly with frontal than extrafrontal 

lesions^^l, although not supported by the accompanying hospital-based study. Moreover, 

the prominent motor effects of frontal seizures may also mimic generalised seizures, again 

leading to an underestimation of frontal seizures. It is likely, therefore, that a population- 

based study will, to some extent, underestimate all partial seizure categories, rather than 

imposing a specific bias against one type. This study strongly suggests that extratemporal 

epilepsy is a common form of localisation-related epilepsy in a general population and that 

the largest subgroups have frontal or perirolandic seizure patterns.

The aetiology of seizures was recognised less frequently in patients in the temporal group 

than in the other groups. It is increasingly recognised that as much as 70% of TLE may 

be due to mesial temporal sclerosis^^^, a pathology generally undetectable by CT 

scanning, which may account for the low rate of detection and diagnosis in this group. 

With modem imaging techniques, especially magnetic resonance imaging (MRI), the rate 

of detection of significant pathology is much g r e a t e r  ̂ 26,127 The current study was 

undertaken before these MRI techniques were available and the proportion with mesial 

temporal sclerosis is, therefore, unknown.

The seizure frequency at last follow-up was similar in all groups; 47.5% were seizure-free 

at 2 years and only 11 (6.9%) had frequent seizures. There was no evidence that chance 

of remission was any more likely in any of the groups. Most hospital-based studies 

suggest that frontal lobe attacks tend to occur frequently, in clusters and are particularly 

difficult to Our findings do not confirm this, and the hospital
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studies may show a selection bias to a particularly refractory subgroup, rather than reflect 

frontal lobe epilepsy as a whole. Indeed, the response to treatment was generally 

excellent in all the partial seizure patterns, with many patients becoming seizure-free, 

again in contrast to reports from hospital-based studies. This general population was, as 

expected, less refractory than the accompanying hospital-based population, but shares the 

similarity of seizure frequency across different seizure types and different localisations and 

does not support the use of seizure frequency characteristics to differentiate seizure types 

and localisations. These studies suggest that the temporal characteristics of seizure 

frequency and diurnal variation are similar across clinical localisations in the general 

population and in a hospital based population (although very different between the 2 

populations), and therefore, are more a function of the population studied than the clinical 

seizure localisation.

We also looked at the results of EEG and CT in this unselected population and at the 

relation of clinical features to focal findings on CT and EEG. Our findings need to be 

interpreted with caution, since not all patients underwent investigation.

It is, however, intuitively likely that those selected for investigation would yield a higher 

incidence of abnormalities than the population as a whole and this is supported by the 

finding that CT was performed in 54% of patients with newly diagnosed focal seizures 

compared with 26% of patients with newly diagnosed generalised seizures.

Most studies^l"^'^!^ report rates of focal CT abnormality in partial epilepsy of 10-30%, 

but they have examined patients with chronic refractory seizures. In the current study, the 

overall yield of CT abnormalities was 35% of those with partial seizures who underwent 

CT. The high proportion of abnormalities probably represents patient selection. Also, 

our data are drawn from the general population presenting with a recent onset of seizures, 

a proportion of which represented obvious, de novo structural lesions, that time would 

select out from studies of chronic refractory epilepsy.

The criteria for focal EEG abnormality were rigorous and comparable to the 

accompanying study, with slow wave, or other less specific abnormalities excluded, unless
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accompanied by spikes or sharp waves. The yield of focal abnormalities on interictal EEG 

in patients with clinically localised seizure onset was 18%, and was similar in all groups. 

However, a further 15 clinically generalised seizures were identified as localisation-related 

on the basis of focal temporal EEG abnormalities.

Focal spike discharges and CT both gave a localisation strongly at variance with the 

clinical picture in approximately 20% of cases. This supports the finding in the 

accompanying hospital-based study that even with the best categorised seizures, the 

ability of the clinical pattern to predict abnormalities on investigation is limited and 

significant numbers of exceptions to the clinical localisations may be found in most clinical 

categories.
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General Summary

The major aim of this study was to ascertain the localising significance of different clinical 

seizure patterns, especially in relation to frontal lobe epilepsy. The methods used enabled: 

1) the delineation of clinical patterns of epilepsy of fi^ontal lobe origin and their 

differentiation from other epilepsies, especially temporal lobe epilepsy; 2) the assessment 

of the intrafrontal localising value of the different seizure-types identified; 3) the cross

correlation of clinical and investigative findings in different seizure types and 4) the 

assessment of these findings in relation to the current ILAE classification of localisation- 

related epilepsies. A derived classification was then applied to the database of the 

NGPSE, to determine the relative frequency of different seizure types in a general 

population.

The methods used in this study differed radically from others especially in regard to the 

breadth of case ascertainment, which was from a more representative epilepsy population 

than post-surgical series and in that a clinical classification was first established by 

statistical cluster analysis and only then prospectively related to investigational 

abnormalities, rather than a retrospective analysis of preselected post-surgical cases. This 

technique also allowed different groups to act as each others' controls, to enable the 

identification of clinical features of value in differentiating between them, unlike previous 

series which have generally reported series of similar patients.

Hospital records were searched for patients with evidence of partial seizure onset, 

excluding those suggesting occipital onset. Selection criteria, included focal imaging 

abnormality, focal ictal or interictal EEG abnormality and focal ictal symptomatology. 

Each criterion was treated independently in order to keep selection as broad as possible 

and to allow subsequent assessment of concordance of investigations. Two hundred and 

fifty-two patients were interviewed and 352 seizure types were identified. 126 patients 

had lesions on neuroimaging and 79 seizures were recorded with ictal scalp EEG.
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Patients and witnesses were interviewed prospectively in all cases and clinical seizure 

manifestations were recorded and encoded according to their relative time of occurrence 

during the seizure. These data were then entered into a statistical cluster analysis, using 

Ward's technique and 25 groupings of seizure symptomatology were obtained. Some of 

these were then combined to produce a final number of 14 groupings, each corresponding 

to a different clinical seizure type. These patterns were displayed in the form of flow 

charts, allowing assessment of seizure evolution.

Available interictal EEG's were analysed in 90% of patients and spike locations were 

recorded. Ictal EEG onsets were also analysed, according to region of onset, pattern of 

onset and timing in relation to clinical onset for 79 seizures. Abnormalities on 

neuroimaging were identified in 126 patients (50%) and these were mapped by a template 

technique and their precise locations assessed with reference to a stereotaxic atlas. The 

identified seizure groups were then analysed in relation to abnormalities identified on 

these investigations, including chi-square analysis of lesion site versus seizure type. Thus 

the relationship of clincal seizure pattern investigative abnormalities could be measured, 

and in the case of lesion site on neuroimaging, could be statistically quantified.

The occurrence of symptoms in 61 seizures associated with pure frontal and 58 seizures 

associated with pure temporal lesions was also analysed from the raw clinical data, 

without reference to statistically derived clusters, in order to provide an additional 

analysis independent of the clinical classification by cluster analysis. This analysis 

allowed identification of features differentiating frontal and temporal epilepsy, one of the 

most important clinical problems and supported the identification of clinical features of 

most differentiating value in the cluster analysis, suggesting the clinical classification 

technique had not introduced substantial bias.

Of 14 clinical seizure types, there were 2 seizure types assocviated with the perirolandic 

region and 2 with frontal lobe regions. Seizures characterised by clonic motor activity
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were associated with lesions of the perirolandic cortex and lateral premotor cortex 

(P<0.001), and with frontocentral EEG abnormalities.

Seizures characterised by somatosensory onset were associated with lesions of a similar 

distribution but with a more parietal predominance (P<0.001).

Seizures characterised by tonic posturing or version were strongly associated with lesions 

of the lateral premotor cortex (P<0.001) and with an ictal onset of fast or spike activity in 

the frontal region, supporting a superficial origin.

Seizures characterised by bizarre or frenetic motor activity, "motor agitation", were 

associated with frontal EEG abnormalities and with lesions of the frontopolar or 

orbitofrontal cortex (P<0.001). These latter seizures were commonly nocturnal and 

occurred with higher frequency than those in other groups but no other consistent pattern 

in diurnal variation or seizure frequency emerged from the study; probably reflecting its 

broad case mix from specialist epilepsy and non-specialist neurology practice.

Seizures characterised by absence without prior focal symptoms were strongly associated 

with temporal lesions (P<0.001) but with variable EEG manifestations 

Seizures with other early forms of sensory manifestation; visual; auditory; olfactory and 

gustatory, or with experiential phenomena or intense fear, were also associated with 

temporal lobe abnormalities on interictal EEG, ictal EEG and neuroimaging, although no 

single group reached statistical significance.

Although these statistical associations of seizure type were strong, in each grouping there 

was an important minority associated with different patterns of investigations, that were 

clinically indistinguishable.

Analysis of individual seizure manifestations between pure frontal and pure temporal 

lesional cases supported the findings of the groupings derived from cluster analysis. Early 

version or posturing and early clonic activity were significantly associated with frontal 

lesions but there were no significant overall differences between frontal and temporal 

cases with respect to diurnal variation, seizure frequency or tendency to cluster.

In patients exhibiting more than one seizure type, there was a statistically significant 

association between absences and non-specific generalised tonic clonic seizures.
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suggesting a "pseudo-generalised epilepsy", but numbers were too small to identify clear 

investigational associations of this group.

The flow of seizure manifestations, illustrated by flow charts, showed considerable 

variation within groups with early divergence of initially similar seizures. Complex 

behavioural automatisms were more frequently associated with seizures with onset with 

sensory phenomena, other than somatosensory, or with absence, whereas those with early 

motor activity more frequently evolved into simple repetitive automatisms.

Seizures with startle sensitivity occurred in 19 patients, at some point during their 

epilepsy history, more commonly than previously recognised and appeared to be 

especially associated with seizures with early focal or generalised tonic motor activity. 

MRI suggested lesions in the lateral frontal region or the perisylvian region in this group.

Imaging generally gave the most anatomically specific localising information; of 102 cases 

with imaging and interictal EEG, there was close concordance in 9%, frank discordance in 

11% and relatively diffuse EEG in relation to imaging in 33%. Interictal EEG showed no 

spikes in the other 46%. Ictal EEG and imaging were discordant in only 2 cases but ictal 

EEG showed no abnormality or non-specific features very commonly, in relation to both 

frontal and temporal lesions.

Of 160 seizures with focal symptomatology in the NGPSE, seizures with hemiclonic or 

Jacksonian sensory manifestations occurred in 32.5%, other motor patterns in 22.5%, 

other somatosensory in 6.3%, olfactory, gustatory, auditory or experiential in 27%, 

polymodal or complex sensory in 6.3%, and a frontotemporal overlap group 5.6%. The 

prognosis of these clinically defined groups was similar, and much better than in hospital- 

based series. Although the clinical pattern was associated with consistent interictal EEG 

and CT findings in 80%, there was a significant minority with different associations on 

investigation - very similar to the hospital-based study.

These findings lend some support to the localisation of seizure types attributed to the 

orbitofrontal and temporal lobes by the ILAE but suggests that many regions of the
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frontal lobes may not have specific associated seizure types, especially the prefrontal 

cortex. In addition in this study, seizures with tonic posturing, traditionally associated 

with the SMA, were strongly linked to the lateral premotor cortex. This prospective 

analysis of clinical seizure types also shows that a significant number do not conform to 

the classical patterns and in this respect differs from retrospective and more highly 

selected post-surgical series, on which the classification is based. It suggests that the 

clinical pattern of highly specific patterns e.g. Jacksonian motor and somatosensory 

seizures (both closely anatomically linked to peripheral end-organs) is of strong localisng 

significance but that other patterns are of more limited value. A number of mechanisms 

may underlie this variability of seizure expression including the heterogeneity of function 

within cortical regions, especially association cortex, and variations in spread of seizure 

discharges. The results suggest that frank discordance between surface EEG, either ictal 

or interictal and imaging is relatively uncommon, but non-specific EEG findings are much 

more frequent and do not differ greatly between frontal and temporal groups in this 

relatively unselected series. Although uncommon, the localising value of a highly focal 

ictal or interictal EEG is, therefore, generally high in this series in relation to both frontal 

and temporal lesions.

The population-based study suggested that clinical patterns suggestive of extratemporal 

epilepsy are common in the general population, although the relatively subtle 

manifestations of some patterns of TLE may lead to slight underestimation of their 

relative frequency. It suggested that prognosis is similar for extratemporal and temporal 

lobe epilepsy in the general population and that discordance between clinical and CT or 

EEG localisation occurs at a similar ffequencey to the hospital-based population. Thus 

the classification derived from a hospital population appears to have value in the 

classification of partial epilepsy in the general population. Taking these 2 studies 

together, factors of timing, such as seizure frequency, tendency to cluster and diurnal 

variation, appear to be similar across most clinical seizure localisations and their main 

determinant is the nature of the population under study.
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Figure 3. Schematic representation of possible seizure outcomes after epilepsy 

surgery
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Figure 4. Gross anatomy of the human cerebral cortex (from Gray’s Anatomy^^^, 

with permission)

A: Mesial surface; B: Lateral surface; C: Orbital surface
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F igure  5. Brodmanns areas of a) lateral and b) mesial frontal lobes in man. 

(Adapted from Gray's Anatomy^^^ with permission.)
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Figure 6: Functional areas of a) human and b) monkey cerebral cortex (from 
Pandya and Barnes^^^, with permission)
A l, primary auditory cortex; AA, auditory association area; FEF, frontal eye fields; M l, motor cortex; 

ME, Supplementary motor area; SA/SAl-3, somatosensory association areas; SI, primary somatosensory 

area; VAA^Al-3 Visual association areas; VI, primary visual area. AS, arcuate sulcus; CC, corpus 

callosum; CF, calcarine fissure; Cing. S, cingulate sulcus; CS, central sulcus; lOS, infereior occipital 

sulcus; IPS, intraparietal sulcus; LF, lateral fissure; LS, lunate sulcus; OTS, occipitotemporal sulcus; 

POMS, medial parieto-occipital sulcus; PS, principal sulcus; RhF; rhinal fissure; STS, superior temporal 

sulcus.
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Figure 7: Schematic diagram shoowing the progressive development of the cortical 
areas from two primordial moieties (archicortical and paleocortical) through 
successive steps: periallocortex (PAII to proisocortex (PRO) culminating in pre- and 
postrolandic sensory, motor and association areas. (From Pandya and Barnes 
with permission.)
Abbreviations; A, auditory; AI, primary auditoiy ; All, secondary auditory; G, gustatory; MI, primary 

motor; Mil; supplementaiy motor; MT, middle temporal visual area; OLF, olfactory; PRO, proisocortex; 

SI, primary somatosensory; SII, second somatosensory; SSA, supplementary sensory area; V, visual areas; 

VI, primary visual; VII, visual area MT in the superior temporal sulcus; VS, vestibular area.
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Figure 8: Location of sensory inputs from visual, auditory, and somatosensory 
cortices to the frontal lobes. (From Pandya and Barnes^^^, with permission.)

Figure 9: Long association efferent connections of the premotor and prefrontal 
cortex. (From Pandya and Barnes^^^, with permission.)
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Figure 10: Intrinsic connections of a) dorsal and b) ventral trends of the prefrontal 

region. (From Pandya and B a r n e s w i t h  perm ission.)
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Figure 12: A) Diagram summarising limbic afferents to the frontal lobes;
B) Diagram summarising connections of the parahippocampal region 

(From Pandya and B a r n e s w i t h  permission.)
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Table 34. Inclusion criteria for cases in each group.

Group Clinical Imaging Interictal EEG Ictal EEG Total

1 8 10 7 6 31

2 20 27 9 1 57

3 4 16 11 2 33

4 3 9 1 3 16

5 0 1 0 1 2

6 2 2 2 0 6

7 34 16 15 9 74

8 13 8 2 3 26

9 0 2 0 0 2

10 3 2 1 0 6

11 2 0 5 1 8

12 6 6 1 1 14

13 19 13 15 0 47

14 13 8 2 7 30

Total 127 (36%) 120 (34%) 71 (20%) 34 (10%) 352
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Chart 1; Flow diagram scheme
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Croup 1: Seizure with olfactory or gustatory hallucination (subgrouplb, or profound fear 
behaviour, without stnell/ taste (subgroup la)
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Group 2: seizures with absence without specific warning
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Group 3: seizures characterised by early experiential phenomena
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G roup 4: seizures with early visual m anifestation
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Figure 18

Group 5: seizures with early auditory hallucination
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Figure 19

G roup 6: hypotonic drop attacks
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Figure 20

Croup 7: seizures with early version or posturing
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Figure 21

Group 8; seizures with focal sensory onset

Non-Jacksonian 
somatosensory, subgroup 

b (14 cases)

Jacksonian somatosensory, 
subgroup a (12 cases)

No progression

(Version and tonic posture!:idarily generalii Jacksonian clonic

Simple
automatism

Generalised tonicBilateral clonic Focal clonic

Secondarily
generalised

Todd's paresisRapid recoveryBehavioral
automatisms



I&f-

Figure 22
G roup 9: seizures characerised by focal paresis
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Figure 23

G roup 10: habitual complex partia l status epilepticus

Physical
violenceAutonomic

manifestations
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and agitation (6 

cases)
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Figure 24

Group 11: seizures consisting of brief isolated jerks

All 4 limbsHead

Both arms 
together

One arm only
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separately

Brief isolated jerks 
with immediate 

recovery (8 cases)



Figure 25

G roup 12: seizures characterised  by Jacksonian m otor onset
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Figure 26

Group 13: seizures characterised by generalised motor activity without specific warning
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Figure 27

Group 14: seizures characterised by early motor agitation
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Table 35. Simple, behavioural and oral autom atism s associated w ith different

seizure types.

Group 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Simple automatisms

Bicycling 0 0 4 1 0 0 4 0 0 0 0 0 0 7

Scissoring 2 1 0 0 0 0 8 1 0 0 0 0 0 8

Striking 1 2 0 0 1 0 4 0 0 0 0 0 4 11

Kicking 4 0 0 1 1 0 11 2 0 0 0 1 5 17

Rotation 3 0 1 0 0 0 5 1 0 0 0 0 0 3

Head shaking 0 0 0 0 0 0 0 0 0 0 0 0 0 8

Rocking 1 0 2 0 0 0 1 0 0 0 0 0 0 6

Fumbling 1 4 1 1 0 0 3 1 0 3 0 1 2 4

Plucking 5 9 6 4 0 0 14 3 0 2 0 0 8 5

Bimanual 4 2 2 2 1 0 3 0 0 0 0 0 2 10

Rubbing 1 2 2 0 0 1 0 0 0 1 0 0 1 2

Other 0 4 1 1 0 0 2 0 0 0 0 0 0 0

Total cases* 10 19 8 6 1 1 30 4 0 4 0 2 8 30

Behavioral

automatisms

Exploratory 5 8 6 1 0 0 7 1 0 0 0 0 5 5

Tidying 2 0 0 0 0 1 0 0 0 0 0 0 1 1

Bed-making 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Undressing 0 2 1 0 0 0 1 0 0 0 0 0 1 0

Washing 0 0 1 0 0 0 0 0 0 0 0 0 0 0

Other 0 2 1 0 0 0 0 0 0 0 0 0 0 0

Total cases* 5 6 7 1 0 1 7 1 0 0 0 0 5 6

Oral automatisms 10 24 8 6 0 0 17 1 0 2 0 2 3 5

*Some cases had more than one type of automatism
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Table 36. Suggested seizure triggers in each group

Group 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Total

No. of cases 31 57 33 16 2 6 74 26 2 6 8 14 47 30 352

None 21 38 16 11 2 6 50 18 2 5 6 7 31 21 234

Sleep deficit 4 7 9 3 0 0 3 1 0 0 0 3 3 2 35

Startle 0 2 0 0 0 0 9 5 0 0 0 0 3 0 19

Exertion 0 2 1 0 0 0 1 0 0 0 0 1 1 1 7

Relaxation 1 2 0 0 0 0 1 1 0 0 0 0 0 1 6

Stress 8 9 11 1 0 0 9 3 0 1 0 2 4 5 53

Alcohol 0 2 5 0 0 0 3 0 0 0 0 0 2 0 12

Hunger 0 0 2 1 0 0 1 0 0 0 0 0 0 1 5

Food 0 1 1 0 0 0 1 0 0 0 0 0 0 1 4

Heat 0 1 0 0 0 0 0 0 0 0 0 1 1 1 4

Menstruation 1 0 2 1 0 0 2 1 0 0 0 0 1 1 9
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Table 37 . Combinations of 2 commonest types in patients with 2 or 3 

different seizure types

Group 10 11 12 13 14

10

10

11

12

13

14

Table 38. Associations of seizure types in patients with 3 different seizure types

Case 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Commonest seizure type 1 2 2 2 6 7 7 8 8 10 10 12 13 14 14

Second seizure type 1 2 3 7 13 7 13 2 7 1 14 9 13 8 11

Rarest seizure type 8 13 13 13 13 6 13 6 7 11 13 8 11 2 8



Table 39. Clinical and investigative features of cases with epilepsy with startle-provoked seizures

Case Age at 

interview

Age of 

onset of 

epilepsy

Age of 

onset of 

startle 

response

Aetiology Intelligence Clinical signs Interictal ££G  

spikes

CT/MR scan 

features

High resolution MR 

appearance

1 42 11 Uncertain Congenital Low average Pseudobulbar palsy None Normal Bilateral opercular microgyria

2 14 7 7 Abscess age 

5 months

Mild retardation Left hemiparesis Rare right 

parietotemporal

Right frontal atrophy N/A

3 20 1 3.5 Congenital Mild retardation Left hemiparesis None Right frontoparietal 

porencephalic cyst

N/A

4 58 14 14 Unknown High average None Occasional

bifrontal

Normal Normal

5 18 7 13 Unknown Average None Biftontal Normal N/A

6 55 44 44 Possible

congenital

Average Bilateral optic 

atrophy from 

congenital rubella

None Normal N/A

7 20 2 mths uncertain Congenital Mild retardation None Widespread Normal Right perisylvian atrophy and 

dysplasia

8 31 1 25 Congenital Mild retardation None Bifrontal Normal Right frontal migration defect

9 50 20 33 Unknown Average None Rare

centrotemporal

Normal N/A

-ÛUj



Table 39, continued

Case Age at 

interview

Age of 

onset of 

epilepsy

Age of 

onset of 

startle 

response

Aetiology Intelligence Clinical signs Interictal ££G  

spikes

CT/MR scan 

features

High resolution MR 

appearance

10 20 8 8 Congenital Average Left hemiparesis None Right frontocentral 

porencephalic cyst

N/A

11 7 3.5 7 Congenital Moderate

retardation

Right hemiparesis N/A N/A Left frontoparietal 

porencephalic cyst

12 34 6.5 Uncertain Congenital Low average Left Babinski 

response

Normal None Right lateral frontal cortical 

thickening

13 29 19 23 Unknown Low average Normal Normal Normal N/A

14 45 7 17 Unknown Average Normal Bifrontal Normal N/A

15 13 11 11 Congenital Low average Normal Normal Mild hemiatrophy Mild hemiatrophy with 

marked perisylvian atrophy

16 31 12 12 Congenital Low average Left hemiparesis Normal Right frontoparietal 

porencephalic cyst

N/A

17 24 16 18 Pinealoma 

age 10

Mild retardation Bitemporal visual 

field defect

Bifrontal Generalised atrophy N/A

18 31 2.5 Uncertain Congenital High average None Rare right 

frontotemporal

Normal Right lateral frontal migration 

defect

19 53 13 22 Unknown Average None Bitemporal Normal N/A



Table 40. G eneral in teric tal E E C  data  for each group

Group Seizures 

with ££G  

(%)

Mean 

£ £ G ’s 

per case

££ G  as case

inclusion

criterion

Cases with

spikes

(%)

Median

spike

number

Cases with 

>10 focal 

frontal spikes

Cases with >10 

focal temporal 

spikes

Cases with 

>10 bifrontal 

spikes

Cases with >10

widespread

spikes

1 31 (100) 2.0 6 15 (50) 18 0 7 0 2

2 51 (89) 11.5 9 35 (69) 18 4 0 5 0

3 30 (90) 1.6 11 17(57) 10 2 3 1 0

4 13 (81) 1.8 1 7(54) 4 0 1 0 0

5 2 (100) 3.5 0 1(50) 4 0 0 0 0

6 6 (100) 1.8 2 4(67) 9 1 0 1 1

7 67 (90) 1.7 15 39 (58) 15 8 0 2 6

8 22 (85) 1.8 1 11(50) 13 2 1 1 1

9 1(50) 1 0 0 0 0 0 0 0

10 6 (100) 1.4 1 3(50) 3 0 0 0 0

11 8 (100) 1.5 1 3(38) 100 1 0 0 0

12 10 (71) 2.5 1 3(30) 30 0 0 1 0

13 41 (87) 1.8 15 28 (68) 14 3 1 5 3

14 29 (97) 2.2 2 18 (64) 18 4 1 0 0

vr\



Figure 2 8 a
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Figure 29a
Group 2 se izu res  (ab sen ces) with 35 100 sp ikes
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Figure 29b
Group 2 se izu res  (ab sen ce ) with 10 34 interictal sp ikes
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Figure 29c
G ro u p  2 c a s e s  ( a b s e n c e )  w ith  5 -9  in te r ic ta l  s p ik e s
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G ro u p  2 s e i z u r e s  ( a b s e n c e )  w ith  <5 in te r ic ta l s p ik e s
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Figure 30a
G roup  3 c a s e s  (e x p e r ie n tia l)  w ith 11-100  s p ik e s
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Figure 30  b

G roup  3 c a s e s  (e x p e r ie n tia l)  w ith 1-10 s p ik e s
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Figure 31
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Figure 33a

G roup  7 c a s e s  (v e rs io n /p o s tu r in g )  w ith >35 in te ric ta l s p ik e s

Focal Regional B  Bilateral □  Unilateral B  W idespread B Generalised

F&-T6
F7-T5

Fpl-F3-Fz. 
Fz F4 C4 Cz As ca se  2

Fpl-Fp2- 
60 ‘ F8 F7 As case  1

Fp2.
F 8 .F 3

r3.T6C3

Figure 33b
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Figure 33c
Group 7 c a se s  (version/posturing) with 6-15 sp ik es
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Figure 33d

G ro u p  7 c a s e s  (v e r s io n /p o s tu r in g )  w ith  1 -5  in te r ic ta l  s p ik e s
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Figure 34a
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Figure 35

Group 10 (com plex partial s ta tu s  ep ilep ticu s) with interictal sp ik es
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Figure 37
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Figure 38a
G roup 13 se iz u re s  (g e n e ra lise d  m otor) with >25 in teric ta l sp ik e s
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Figure 38b

Group 13 se izu res  (genera lised  motor) with 1-7 interictal sp ik es
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Figure 39a
G ro u p  14 c a s e s  (m o to r  a g i ta t io n )  w ith  > 12  in te r ic ta l  s p ik e s
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Table 41. General ictal E£G data and ictal ££G  specificity in each group

Group Total seizures 

recorded (% 

of group)

Seizures with 

abnormal £EG 

in first 20 

seconds

Median No. 

of seizures 

recorded

Seizures 

masked by 

artefact

Median No. 

of seizures 

recorded

Seizures with

unchanged

EEG

Median No. 

of seizures 

recorded

Seizures with 

both abnormal 

and unhelpful 

EEG

Median No. 

of seizures 

recorded

1 10 (32) 5 2 1 1 1 2 3 3

2 5(9) 4 2 0 0 0 0 1 2

3 8(24) 3 4 1 1 2 4 2 3.5

4 4(25) 3 1 0 0 0 0 1 2

5 2(100) 1 2 0 0 1 5 0 0

7 21 (28) 14 3 7 3 0 0 0 0

8 4(15) 1 3 2 5.5 1 1 0 0

10 3(50) 0 1 0 0 0 0 3* 0

11 1 (12.5) 1 2 0 0 0 0 0 0

12 2(14) 1 3 1 4 0 0 0 0

14 19 (63) 13 5 5 2 0 0 1 5

Total 79 (22.4) 46 (58) 17(22) 5 (6.3) 11 (14)

w
cP

No recording available at onset of complex partial status epilepticus



Table 42. Patterns of abnormal ictal EEG in relation to seizure type: Groups 1 (olfactory/gustatory and fear behaviour) and 2 (absence)

Group Case No. of 

seizures

EEG - Clinical 

interval (>0 = EEG 

before clinical)

Focal

EEG

onset

Regional EEG 

onset

Bilateral EEG 

onset

Unilateral 

EEG onset

Widespread 

EEG onset

Generalised 

EEG onset

EEG pattern

1 a 270 2 30 F8-T4 4Hz

la 270 1 -5 Left 3-5 Hz

la 270 1 -5 Yes 3-5 Hz

la 102 1 15 T4-T6 Attenuation

la 102 -5 Yes Attenuation

la 240 1 -5 Right 3-4 Hz

la 115 1 -5 F8-T4 6-7 Hz

Ic 17 3 1 T5 4-5 Hz

Ic 98 3 1 Rt Sph 3-4 Hz

Ic 33 1 5 Left 4-6 Hz

Ic 63 15 Right 3-4 Hz

2a 297 1 9 Rt Sph 3Hz

2a 297 1 10 C4-T4-T6-P4 3Hz

2a 329 1 -15 Fpl-Fp2-F8-F7 4-5 Hz

2a 325 1 0 F3-F4-C4-C3 Irregular spike/wave

2b 170 4 15 F7-F3-FZ 12-16 Hz

2c 239 2 30 Rt Sph 4-6 Hz



Table 42 continued. Ictal EEG in groups 3 (experiential), 4 (visual) and 5 (auditory)

Group Case No. of 

seizures

EEG - Clinical 

interval (>0 = EEG 

before clinical)

Focal

EEG

onset

Regional EEG 

onset

Bilateral EEG 

onset

Unilateral 

EEG onset

Widespread 

EEG onset

Generalised 

EEG onset

EEG pattern

3a 92 2 0 Rt Sph 5H z

3a 97 4 20 Rt Sph-T4 6 increasing to 11 Hz

3a 253 7 -10 F7-T3/F8-T4 3-4 Hz

3b 296 1 10 Lt Sph 3H z

3b 296 1 3 Left Attenuation

3b 26 1 1 Lt Sph 5-6 Hz

3b 26 -10 Left 5-6 Hz

4b 55 1 5 F7-T3 3-5 Hz

4b 16 1 5 F8-T4 4-6 Hz

4b 292 5 Fp2-F4-F8 4H z

4b 38 1 0 Right Attenuation

5 15 1 2 Lt Sph Slow

5 15 1 5 Rt Sph Slow



Table 42 continued. Ictal EEG in groups 7 (version/posturing), 8 (focal somatosensory) and 10 (complex partial status epilepticus)

Group Case No. of 

seizures

EEG - Clinical 

interval (>0 = EEG 

before clinical)

Focal

EEG

onset

Regional EEG 

onset

Bilateral EEG 

onset

Unilateral 

EEG onset

Widespread 

EEG onset

Generalised 

EEG onset

EEG pattern

7a 324 3 0.5 Fz-F3-C3-Cz Spikes

7a 93 15 1 Yes Slow

7a 19 1 10 Yes 4-6 Hz

7a 322 1 -15 Right Spike/wave, 3-5 Hz

7b 22 1 -2 Yes 2Hz

7c 358 3 4 F3 12-16 Hz

7c 158 5 10 C3-Cz 4-5 Hz

7c 62 1 2 F3-F4-C4-C3 Spikes 3-5 Hz

7d 72 1 5 Fz Spikes 4-5 Hz

7d 72 4 2 F8-F4-Fz Spikes 4-5 Hz

7d 357 5 5 Fp2-F4-F8 16 Hz

7d 40 6 -15 Fpl-Fp2-F8-F7 IH z

7d 336 4 0 Fp 1 -Fp2-F8-F7 Spikes/fast; 16 Hz

7d 85 7 -10 C4-Cz 3-4 Hz

7d 11 1 0.5 Yes Single slow wave

8a 350 3 5 F4-C4-P4 20 Hz

10 27 1 N/A Yes 2-3 Hz

10 196 2 N/A Yes 2-5 Hz

10 347 1 N/A Yes 2-5 Hz



Table 42 continued. Ictal EEG in groups 11 (isolated jerks), 12 (Jacksonian motor) and 14 (motor agitation)

Group Case No. of 

seizures

EEG - Clinical 

interval (>0 = EEG 

before clinical)

Focal

EEG

onset

Regional EEG 

onset

Bilateral EEG 

onset

Unilateral 

EEG onset

Widespread 

EEG onset

Generalised 

EEG onset

EEG pattern

11 14 2 0.5 Yes Single slow wave

12 323 3 0 C4 5Hz

14a 13 2 10 T4 4-6 Hz

14a 13 4 60 F8-T6 4-6 Hz

14a 12 2 15 F4-F8-T4-C4 1-2 Hz

14a 334 2 5 Fp2-F4-Fz 2-4 Hz

14a 334 5 5 Fpl-Fp2 2-4 Hz

14a 73 3 5 Fpl-F3-F7 4Hz

14a 73 2 10 Left 4Hz

14a 20 8 5 Left 3-5 Hz

14a 128 2 10 Right 3Hz

14a 306 6 3 Yes 2-3 Hz

14b 335 5 2 F7 14-16 Hz

14b 286 2 60 F8-F4-Fz 4-5 Hz

14b 126 1 -20 Left 3Hz

14b 113 1 -20 Yes 3-4 Hz

14c 337 6 20 Fpl Spikes 3-4 Hz

14c 337 6 0 Fp 1 -Fp2-F8-F7 3-4 Hz

14c 108 2 10 F7-T5 8Hz

14c 339 5 -5 F4-Fp2 4-6 Hz
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Table 43. Distribution of lesions in abnormal scans

Group Frontal Temporal Parietal Fronto

parietal

Fronto-

temporal

Temporo

parietal

Fronto-

temporo-

parietal

Total

1 2 10 0 1 0 0 1 14

2 6 18 1 2 1 1 0 29

3 3 13 1 3 0 0 0 20

4 2 6 0 1 1 0 1 11

5 0 1 0 0 0 0 0 1

6 1 1 0 0 0 0 0 2

7 18 1 0 4 1 0 3 27

8 4 0 0 7 1 0 3 15

9 1 0 0 0 0 0 1 2

10 1 1 0 0 0 0 0 2

11 1 0 0 0 0 0 0 1

12 4 0 1 1 0 0 3 9

13 9 5 0 2 0 0 1 17

14 9 2 1 0 1 0 0 13

Total 61 58 4 21 5 1 13 163



Table 44. Regional frontal involvement in pure frontal lesions in seizure groups 1 (olfactory/gustatory and fear behaviour);
2(absence); 3 (experiential); 4 (visual) and 6 (hypotonic)

Seizure

category

Case

number

Number of

regions

involved

Lesion type Fronto

-polar

Orbito-

frontal

Lateral

Prefrontal

Medial

Prefrontal

SMA Lateral

premotor

Primary

motor

Anterior

cingulate

la 95 3 AVM 3 0 0 3 0 0 0 3

lb 3 3 Post-traumatic atrophy 0 0 2 0 1 3 2 0

2a 155 4 Meningioma 0 0 3 2 2 2 0 0

2a 329 1 Glioma 0 0 0 3 1 0 0 1

2a 132 2 AVM 0 0 1 3 3 1 0 0

2a 257 1 Glioma 0 3 0 0 0 0 0 0

2a 154 2 Calcification (cause ?) 0 0 0 0 3 3 0 0

2a 167 5 Post-trauma 3 1 3 3 0 3 0 3

3a 238 3 Gliosis 2 3 0 0 0 0 0 2

3b 309 3 Glioma 0 0 0 3 2 0 1 2

3b 9 2 AVM 0 0 2 3 1 0 0 3

4 342 1 AVM 0 3 0 0 0 0 0 0

4 264 1 Meningioma 0 0 0 0 3 0 0 0

6 214 2 AVM 0 0 1 3 3 1 0 0

O=uninvolved; l=possibly involved (1-10%);

2=paitial involvement (11-50%); 3=heavy involvement (>50% or a small lesion restricted to that region)



Table 44 continued. Regional frontal involvement in pure frontal lesions in seizure group 7 (version/posturing)

Seizure

category

Case

number

Number of

regions

involved

Lesion type Fronto

-polar

Orbito-

frontal

Lateral

Prefrontal

Medial

Prefrontal

SMA Lateral

premotor

Primary

motor

Anterior

cingulate

7a 93 3 Dysplasia 0 0 2 0 0 3 2 0

7a 60 1 Dysplasia 3 0 1 0 0 0 0 0

7a 105 2 Dysplasia 0 0 1 0 3 3 1 1

7a 344 7 Post-traumatic atrophy 3 1 3 3 3 3 0 3

7a 133 7 Post-abscess scarring 3 2 2 3 3 1 1 3

7a 330 1 Glioma 0 0 0 3 1 0 0 1

7a 324 2 Post-abscess scarring 0 0 0 0 3 2 0 0

7a 202 2 Dysplasia 0 0 1 0 3 3 1 1

7b 314 1 Dysplasia 0 0 2 1 0 3 0 0

7b 57 4 AVM 3 2 2 1 0 0 0 3

7b 201 1 Cyst, congenital? 0 0 0 0 0 3 0 0

7c 100 1 Cyst, congenital? 0 0 0 0 0 3 0 0

7d 153 3 meningioma 0 0 2 3 3 0 0 0

7d 278 2 Post-traumatic atrophy 3 0 1 3 0 0 0 0

7d 72 2 Glioma 0 0 0 0 1 2 3 0

7d 311 2 AVM 0 0 1 0 0 3 2 0

7d 263 2 Glioma 0 0 2 3 1 1 0 1

7d 85 2 Dysplasia 0 0 0 0 0 3 0 0
O=uninvolved, l=possibly involved, 2=partial involvement, 3=heavy involvement



Table 44 continued. Regional frontal involvement in pure frontal lesions in seizure groups 8 (focal somatosensory); 9 (focal paresis);
10 (complex partial status epilepticus); 11 (isolated jerks); and 12 (Jacksonian motor)

Seizure

category

Case

number

Number of

regions

involved

Lesion type Fronto

-polar

Orbito-

frontal

Lateral

Prefrontal

Medial

Prefrontal

SMA Lateral

premotor

Primary

motor

Anterior

cingulate

8a 295 3 AVM 0 0 3 0 1 3 2 0

8a 75 3 Dysplasia 1 0 3 0 0 3 3 0

8b 287 3 Dysplasia 0 0 3 1 1 3 3 0

8b 83 3 Dysplasia 0 0 2 1 1 3 3 0

9 142 2 Infarct 0 0 3 0 0 2 0 0

10 347 2 Post-traumatic atrophy 2 3 0 0 0 0 0 0

11 194 3 Dysplasia 1 0 3 0 0 3 3 0

12 323 3 Glioma 0 0 0 0 3 2 2 3

12 52 3 Dysplasia 0 0 0 0 2 3 2 0

12 312 1 AVM 0 0 0 0 0 3 1 0

12 294 3 AVM 0 0 3 0 1 3 2 0

O=uninvolved, l=possibly involved, 2=partial involvement, 3=heavy involvement



Table 44 continued. Regional frontal involvement in pure frontal lesions in seizure groups 13 (generalised motor) and 14 (motor agitation)

Seizure

category

Case

number

Number of

regions

involved

Lesion type Fronto

-polar

Orbito-

frontal

Lateral

Prefrontal

Medial

Prefrontal

SMA Lateral

premotor

Primary

motor

Anterior

cingulate

13a 227 1 Dysplasia 3 0 1 0 0 0 0 0

13a 23 3 Post-abscess scarring 3 2 0 0 0 0 0 2

13a 5 2 Glioma or AVM ? 0 0 0 0 0 0 0 3

13b 222 5 Post-traumatic atrophy 3 1 3 3 0 3 0 3

13b 349 2 Post-traumatic atrophy 2 3 0 0 0 0 0 0

13b 308 2 Dysplasia 0 0 0 0 0 3 3 0

13c 169 3 Meningioma 0 0 2 3 3 0 1 0

13c 171 4 Meningioma 3 0 3 3 0 1 0 3

13c 111 4 Glioma 0 0 3 3 0 3 1 2

14a 313 2 Post-traumatic atrophy 0 3 0 0 0 0 0 2

14a 187 1 Dysplasia 3 0 1 0 0 0 0 0

14a 128 5 Post-traumatic atrophy 3 2 3 3 1 0 0 2

14b 285 3 AVM 0 0 2 0 2 3 0 0

14b 254 1 Glioma 0 0 0 3 0 0 0 0

14b 261 5 Dysplasia 2 3 0 3 2 0 0 3

14c 104 1 AVM or Glioma ? 0 0 0 1 0 0 0 3

14c 343 7 Post-truamatic atrophy 3 1 3 3 3 3 0 3

14c 348 2 Post-traumatic atrophy 2 3 0 0 0 0 0 0
O=uninvolved, l=possibly involved, 2=paitial involvement, 3=heavy involvement



Table 45. Comparison of seizure manifestations between cases with pure frontal 
and pure temporal lesions (61 frontal and 58 temporal seizures).

Manifestation Frontal Temporal Association

Clustering 23 18 None

Diurnal variation See figure 40 None

Average frequency See figure 41 None

Maximum frequency See figure 42 None

Seizure duration See figure 43 None

Postictal duration See figure 44 None

Secondary generalisation See figure 45 None

Prodrome 16 12 None

Frequent purely subjective seizures 14 29 Temporal (P=0.001)

Abdominal symptom 11 20 None

Rising epigastric 3 6 None

Cephalic or general body sensation 17 12 None

Olfactory or gustatory sensation 1 6 None

Visual symptoms 2 6 None

Somatosensory symptoms 4 10 None

Vegetative symptoms 31 31 None

Incontinence 10 4 None

Pallor 13 12 None

Facial flushing 9 10 None

Experiential symptoms 9 22 Temporal (P=0.001)

Fear 9 7 None

Generalised hypertonia 19 12 None

Clonic movements 35 17 Frontal ? (P<0.005)

Early clonic movements 21 4 Frontal (P<0.001)

Tonic movements 23 16 None

Early tonic movements 20 7 Frontal ? (P<0.01)

Head turning 28 19 None

Early head turning 26 6 Frontal (P<0.001)

Oral automatisms 9 23 Temporal (P<0.001)

Simple automatisms 28 31 None

Complex automatisms 10 18 None

Non-verbal vocalisation 12 6 None

Verbal vocalisation 10 10 None
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Figure 40. Comparison of diurnal variation of seizures associated with pure 

temporal and pure frontal lesions

Fronta

□  Temporal

Only
daytime

Mostly
daytime

Mostly
nocturnal

Only
nocturnal

Mixed

Figure 41. Comparison of average seizure frequency of seizures associated with 

pure temporal and pure frontal lesions

N 10 --

Frontal

□  T em poral

1-6/yr 7-12/yr 1-4/mth 5-15/mlh 16-30/mth 1-4/day >4/day



220

Figure 42. Comparison of maximum seizure frequency of seizures associated with 

pure temporal and pure frontal lesions
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Figure 43. Comparison of seizure duration of seizures associated with pure 

temporal and pure frontal lesions

25 ^

20  - -

2 15 -I-

I
10

U

Frontal

□  Temporal

<10 sec 10-30 sec 30-60 sec 1-2 min 2-5 min 5-10 min >10min



221

Figure 44. Comparison of postictal duration of seizures associated with pure 

temporal and pure frontal lesions
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Figure 46. Magnetic resonance spectroscopy of in 8cm^ of SMA of 10 controls and 

9 patients with normal CT scans and suggested clinical diagnosis of SMA seizures, 

a) N-acetylaspartate (NAA) alone
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Figure 47 Porencephalic cyst in a patient with epilepsy with startle provoked 

seizures (£SPS) a few times per year, a mild hemiparesis and normal intellectual 

function.

Figure 48. Perisylvian atrophy in startle-provoked seizures with daily seizures

a) unilateral b) bilateral (Foix-Marie-Chavany syndrome)
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Figure 49 Lateral frontal dysplasia in patients with ESPS and many seizures daily, 

a) in a pharmacist with normal IQ and no neurological signs; parasagittal view

b) in a patient with low IQ but no neurological signs; coronal view



Table 46. Comparison of imaging and interictal spike localisation

Scan lesion site Concordant

EEG

Overlapping

EEG

Discordant

ipsilateral

EEG

Bilateral

EEG

Contralateral

EEG

No spikes No EEG 

available

Total Comments

Frontal 4 3 2 8 3 14 9 43

Bifrontal 0 0 0 1 0 1 0 5 Unilateral spikes in 3.

Temporal 3 10 3 7 1 14 3 41

Frontotemporal 1 0 0 0 0 1 1 3

Parietal 0 0 0 0 0 3 0 3

Frontoparietal 1 1 0 1 0 10 3 16

Parietotemporal 0 0 1 0 0 0 0 1

Tri-lobar 0 2 0 0 1 3 3 9 Fronto-parieto- 

temporal lesions

Total 9 16 6 17 5 46 19 121

Concordant: >80% spikes restricted to electrodes overlying structural lesion.
Overlapping: > 80% regional spikes including electrodes overlying structural lesion.
Discordant: > 80% regional spikes involving electrodes excluding those overlying structural lesion.
Bilateral EEG: > 80% regional spikes including electrodes overlying structural lesion and those symmetrically opposite, either independently or simultaneously. 
Contralateral EEG: > 80% of spikes contralateral to electrodes overlying structural lesion.
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Table 47. Comparison of interictal EEG, ictal EEG and imaging

Case Interictal EEG Ictal EEG Scan location Scan

appearance

Seizure

type

72 Bifrontal Right frontocentral Left frontocentral Glioma 7d

339 Bifrontal Right frontal None 15

336 Bifrontal Bifrontal None 7d

62 Bifrontal Bilateral frontocentral None 7a

325 Bifrontal Widespread unilateral None 2a

30 Bilateral ffontocentral Normal None 8b

324 Bilateral frontocentral Left frontal Left frontocentral Previous abscess 7a

334 Bilateral frontocentral Right frontal None 14a

126 Bilateral frontotemporal Widespread left side Left mesial temporal Atrophy 14b

63 Bilateral frontotemporal Widespread left side Left mesial temporal Hamartoma Ic

239 Bilateral frontotemporal Right temporal Right mesial temporal Atrophy 2c

113 Bitemporal Artefact None 14b

108 Bitemporal Left frontotemporal Left mesial temporal AVM 15c

296 Bitemporal Left temporal Left mesial temporal Atrophy 3b

158* Right centroparietal Left central None 7d

270 Right centrotemporal Right frontotemporal Right mesial temporal Atrophy la

12 Right centrotemporal Right frontocentral None 14a

337 Left frontal Left frontal None 14c

335 Left frontal Left frontal None 14b

93** Left frontal Widespread Bilateral frontal Dysplasia 7a

358 Left frontal Left frontal None 7c

18 Right frontal Widespread None 7b

64 Left frontal Artefact None 3b

52** Right frontocentral Artefact Right frontal Dysplasia 12

22 Left frontocentral Widespread None 7b

20 Left frontotemporal Widespread left side None 14a

32* Right frontotemporal Normal Right pericentral Atrophy 3h

314** Right frontotemporal Artefact Right frontal Dysplasia 7h

* : discordance between investigations

**: dysplastic lesion on imaging
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Table 47 continued. Comparison of interictal EEG, ictal EEG and imaging

Case Interictal EEG Ictal EEG Scan location Scan

appearance

Seizure

type

128* Left frontotemporal Diffuse right sided Right frontal Atrophy 14a

16 Left firontotemporal Left frontotemporal Left temporal Angioma 4b

92 Right frontotemporal Right temporal Right mesial temporal Atrophy 3a

333 Right frontotemporal Normal Right mesial temporal Atrophy 3a

250 Left frontotemporal Normal None 7d

98 Right frontotemporal Right temporal Right mesial temporal Atrophy Ic

13 Right frontotemporal Right temporal None 14a

17 Left temporal Left temporal None Ic

15 Left temporal Bitemporal None 5

253 Left temporal Bitemporal Left mesial temporal Atrophy 3a

297* Left temporal Right temporal Left mesial temporal Atrophy 2a

26 Left temporal Left temporal None 3b

38 Right temporal Widespread right side None 4b

115 Right temporal Right frontotemporal Right mesial temporal Atrophy la

292* Widespread Right frontal Right mesial 

temporal

Glioma 4b

357 Widespread Right frontal None 7d

287** Widepsread Artefact Bifrontal Dysplasia 8b

73 Normal Left frontal None 14a

170 Normal Left frontocentral None 2b

11** Normal Generalised Bilateral Perisylvian Dysplasia 7d

19 Normal Widespread None 7a

51** Normal Artefact Widespread Dysplasia 14a

103 Normal Artefact None 7a

74 Normal Artefact None 7a

97 Normal Right temporal Right mesial temporal Atrophy 3a

42 Normal None Left mesial temporal AVM 5

40 Normal Bifrontal None 7d

55 Normal Left frontotemporal None 4b

* : discordance between investigations

**: dysplastic lesion on imaging
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Table 47 continued. Comparison of interictal EEG, ictal EEG and imaging

Case Interictal EEG Ictal EEG Scan location Scan

appearance

Seizure

type

240 Normal Widespread right side Right mesial temporal Atrophy la

248 Normal Artefact None 7b

249 Normal Artefact Perisylvian Atrophy 14c

286 Normal Right frontal None 14b

85 Normal Bilateral frontocentral Frontal Dyplasia 7d

33** Normal Widespread left Left temporal Glioma Ic

31 Normal Artefact None 7b

282 Normal Artefact None la

83** Normal Artefact Right frontocentral Dysplasia 8b

129** Normal Artefact Left frontoparietal Dysplasia 7a

101 Normal Artefact Right frontotemporal Atrophy 14b

102 Normal Temporal Right mesial temporal Atrophy la

299 Normal Artefact None 14b

14 Normal Generalised None 11

306 Normal Widespread None 14a

321 Normal Widespread None la

322 Normal Normal None 7a

323 Normal Central Right frontocentral Glioma 12

350 Normal Frontocentral None 8a

345 Normal Artefact None 14a

329 Normal Bifrontal Left mesial frontal Glioma 2a

* : discordance between Investigations

dysplastic lesion on imaging
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Figure 50. Comparison of zonal and aetiological concepts of epileptogenesis
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Table 48: Criteria for clinical classification of partial seizures in the NGPS£

Frontal

Central

Temporal

Frontotemporal

Parietal

Posterior

Unlocalised

1) Seizures with focal, tonic or clonic motor activity or posturing 

and sometimes non-specific somatosensory manifestations, but no 

other experiential manifestations.

2) Seizures comprising purely dystonie posturing.

3) Seizures with prominent motor automatisms of the limbs, but 

no orofacial automatisms or experiential phenomena.

1) Focal clonic seizures with preservation of awareness

2) Focal simple clonic seizures, with either isolated motor activity 

or mixed sensorimotor effects, with Jacksonian progression.

1) Seizures with prominent experiential phenomena, gustatory or 

olfactory hallucination.

2) Seizures with arrest, absence and oroalimentary automatisms.

1) Seizures with combinations of manual and oro-alimenary 

automatisms.

2) Seizures with epigastric sensations, autonomic manifestations 

and prominent motor activity.

Seizures with exclusively somatosensory manifestations, with or 

without Jacksonian progression.

1) Seizures with polymodal sensory manifestations.

2) Seizures with unformed visual, or complex visual, auditory or 

somatosensory hallucinations

1) Seizures with semiological evidence of partial onset with 

features not attributable to a single cerebral region e.g. vague 

epigastric or cephalic sensations or isolated head turning.

2) Patients with historical or investigative evidence of partial 

seizure onset, but seizures apearing clinically generalised from the 

outset.



Table 49: EEG and CT results in partial seizures in the NGPSE

Clinical seizure type EEG performed Focal EEG 

abnormality

Discordant EEG 

abnormality

CT performed Focal CT 

lesion

Discordant CT 

abnormality

Frontal 23 (64%) 4 (17%) 1 15 (42%) 7 (47%) 2

Central 23 (44%) 7 (30%) 1 22 (42%) 9 (41%) 1

Frontotemporal 6 (66%) 2 (33%) 0 6 (66%) 0 0

Temporal 38 (89%) 4(11%) 0 30 (70%) 3 (10%) 2

Parietal 7 (70%) 2 (28%) 1 6 (60%) 4 (67%) 0

Posterior 10 (100%) 1 (10%) 1 7 (70%) 5 (72%) 1

Total 107 (67%) 20 (19%) 4 (20%) 86(54%) 28 (33%) 6 (21%)



Table 50. Abnormalities of investigation related to clinical seizure pattern in the NGPSE

Clinical Localisation

Location of 

abnormality

Frontal Central Fronto

temporal

Temporal Parietal Posterior Unlocalised

EEG Frontal 1 1 0 0 0 0 1

Central 2 5 0 0 0 0 0

Frontotemporal 0 0 1 0 0 0 2

Temporal 1 1 1 4 0 0 15

Parietal 0 0 0 0 1* 0 0

Posterior 0 0 0 0 1 1* 2

CT Frontal 4 2 0 2 0 0 4

Central 1 5 0 0 0 0 0

Frontotemporal 0 0 0 0 0 0 0

Temporal 0 0 1 1 0 1 0

Parietal 0 1 0 0 2 1 0

Posterior 2 1 0 0 0 2,1* 1

VO

* Investigation lateralised opposite to clinical localisation



Table 51: Partial seizure aetiologies in the NGPSE

Aetiology Frontal Central Frontotemporal Temporal Parietal Posterior Total

Vascular 4 16 2 2 2 2 28 (18%)

Primary tumour 3 4 0 3 1 3 14 (9%)

Secondary tumour 3 2 0 0 1 0 6 (4%)

Infection 0 1 0 0 0 1 2 (1%)

Acute trauma 1 2 0 0 0 0 3 (2%)

Remote trauma 4 1 1 0 0 0 6 (4%)

Congenital 2 2 1 0 0 0 5 (3%)

Other 1 0 0 0 0 0 1 (1%)

Unknown 18 (50%) 24 (46%) 5 (55%) 37 (86%) 6 (60%) 4 (40%) 95 (59%)

L\)



Table 52: Seizure frequency of different clinical seizure types in the NGPSE

Clinical type Single seizure Seizure-free <4/year 4-12/ year >12/ year
Unknown

Frontal 1 15 11 4 3
2

Central 3 23 15 1 2
8

Fronto-temporal 0 4 1 2 0
2

Temporal 1 20 14 2 3
3

Parietal 0 5 1 1 2
1

Posterior 0 5 2 1 1
1

Total 4 (2.5%) 72 (45%) 44 (28%) 11 (7%) 11 (7%)
17 (11%)
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Appendices

Appendix 1. Study clinical questionnaire: a) General medical history

study No: ___
Date of Birth: Age: Inclusion criterion:
Aetiology of epilepsy:-

Family history of 1) epilepsy: ________________________
2) Neurological disease: ___ 3: Psychiatric disorder:
4) Other medical disorder: ___
Specify disorder:  ______________________________________
Perinatal history: -
Maternal illness in pregnancy: ___ Gestation: __________
Delivery:   Neonatal hypoxia:   Other illness : ___
Specify disorder: _______________________________________________
Febrile seizures: ____________________
Head injury: ___ Neurological illness :

Development:

Other (specify):
Medical illness:Psychiatric illness : _

Specify disorder: ____________________________________________________
Seizure types : -

Number of seizure types: _
Individual seizure characteristics on forms: "BFIT"; "CFIT"; "DFIT" 

Examination:-
Neurological: _____________________  Specify:_________________________
General: ________  Specify: __________________________________________

Surgical treatment: 
Describe :

Type of operation:

Lesion:
Site:
Specify others:

Side :
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Appendix 1 continued. Study questionnaire: b) Characteristics of each seizure

study No:
For commonest seizure type :-
Age of onset: _____  Change in frequency:   Age ceased:
Average frequency:   Diurnal pattern:________________

Clustering: ______________  Maximum No. in one day:
History of 1) Status epilepticus: ___

2) Serial seizures with recovery of consciousness: ___
3) Seizure free period: ___ Age of onset: _____  Duration (months)
Medication when seizure free: __________________________________________

Seizure provoking factors
Sleep: ____  Sleep deficit:   Hunger:   Food:__ Alcohol: _
Stress : ____  Startle:   Exertion:   Relaxation:____ ______
Menstruation: ___ Photosensitvity:   Other: ___
Specify: _________________________________

Current Seizure Charateristics 
Prodrome

Present: Duration:
Symptoms of prodrome Altered self perception:   Altered mood:

Headache: ___  Other:   Specify: __________________________ __
Aura

Preceding seizure: ___________  Without seizure: __________
Duration: ______________

Sequence of first ten symptoms of aura and seizure and duration of each 
A:
B: ___________ ________________________________________________________ ______________________

C :  __________________  ■ __________________________________________________________________________________ ___

D: _______________________________________________________________________

E: _______________________________________________ _______________________
F: _______________ _________  _____



G: ____________ -__________________________________ ____

H:  _______________________________ ______ ______________

I :  ____________________________________________________

J: ____________________________________
Comments: ____________________________

Objective account of seizure:- Observer:
A :  ____________________________________________________________

B: ____________________________________
C : ____________________________________
D: ____________________________________
E :  ____________________________________________________

F: ____________________________________
G: ____________________________________________________

H:  _____________________________________________________

I :  _____________________________________________________

J: ____________________________________
Comments :

Specific symptoms 
Physical

Nausea: ___ Rising epigastric:   Other abdominal:___
Cardiac oppression: ___ Breathing difficulty:   Other chest:
Light headedness: ___ Headache:   Migraine:   Other head:
Other symptoms: ___________________________________________________
Duration: _____________

Psychic
Dreaminess : ___ Illusion of altered time: ____ Derealization:___
Recollection/flashback: ___ Familiarity:   Unfamiliarity:_____ ______
Deja vu: ___ Jamais vu: ___ Deja vecu:   Jamais vecu:_________
Deja entendu:   Jamais entendu:   Depersonalizaton: ___
Forced thought : ____ Stereotyped phenomenon:   Other symptoms:
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Specify symptoms;
Duration: __________ ___

Emotion
Sadness:   Anger:   Happiness:   Anxiety:
Lability: ___ Sexual arousal:   Other:____
Specify others: ____________________________________
Duration: ______________

Sensory

Fear:

Visual hallucination: 
Visual field site:

Stereotyped;

Disordered visual perception: 
Specify abnormality: ________

Duration:

Auditory hallucination :
Disordered hearing: ___
Specify abnormality: __

Stereotyped:
Duration:

Olfactory hallucination:
Duration: ______________
Gustatory hallucination:
Duration: ______________
Somatosensory: _________
Specify others: ________
Duration: ______________

Awareness
Degree of impairment: __
Tempo of impairment: __

Stereotyped:

Stereotyped:

Site; Side:

Duration:
Motor

General motor effects:
Eyelid fluttering: ___
Head version: Trunk version:

Blinking:
Duration: 

Eye version: 
Duration:

Tonic movements: 
Single jerks: _

Dystonie movements:
Repeated jerks:

Duration of movements:
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other movements:
Simple motor automatisms

Fencing: ___ Bilateral karate :   Bicycling:   Bimanual;
Bilateral leg extension/kicking: ___ Back arching:____
Pelvic movements: ____ Striking:   Walking:   Running:
Plucking: _____  Threading:______
Duration: ______________  Other:____
Specify: _____________________________________________________

Complex behavioural motor automatisms
Exploratory: ____ Undressing: _
Situational:
Other:

Bed-making:
  Duration: ___

Specify: __________
Oro-alimentary automatisms

Lipsmacking: ___ Lip-pursing:
Swallowing: ____ Dyskinetic: __
Specify others: _____________________________

Sexual automatisms
Gestures: __________  Genital manipulations:

Speech

Tongue movements: 
Other: Duration:

Speech abnormality: Duration:
Onset of speech abnormality: ___

Vocalisations
Non-verbal: _________  Duration:
Specify others: _________________
Verbal:

Situational :

Content: Situational:
Specify others: 
Duration:

Behavioural change
Mimicry: ___ Staring:   Arrest:   Fear:   Other:
Specify others: _____________________________________________
Duration:

Vegetative symptoms



2 .^ 0

Pupils:
Colour:

Respiration; Pulse:
Sphincters:

Secondary generalisation:
Total duration: ___

Postictal state
Sleep:______________
Confusion:______ ___
Amnesia: ___
Speech:_________ ___
Motor deficit: ___
Visual deficit: ___
Headache: ___
Other: ___
Specify: ___________

Specify other:

Duration:
Duration:
Duration:
Duration:
Duration:
Duration:
Duration:
Duration:
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Appendix 2. Variables entered into cluster analysis

Presence of a prodrome 

Abdominal sensation 

Cephalic sensation 

Chest sensation 

Other physical sensation 

Psychic sensation 

Fear

Other emotion 

Visual hallucination 

Visual distortion 

Auditory hallucination 

Olfactory hallucination 

Gustatory hallucination 

Somatosensory hallucination 

General hypertonia 

General motor arrest 

Generalised clonic activity 

Generalised hypotonia 

Eye version 

Head version 

Body turning 

Version group 

Focal clonic activity 

Focal paresis

Jacksonian clonic progression 

Asymmetric tonic posture e.g. fencing

Bicycling of legs 

Kicking

General motor agitation 

Simple automatism group 

Exploratory behaviour 

Bed making

Complex automatism group 

Oroalimentary automatism 

Speech arrest 

Speech distortion 

Shout

Bizarre vocalisation e.g. giggling

Non-verbal vocalisation group

Coherent verbal vocalisation

Incoherent verbal vocalisation

Speech arrest

Pupillary change

Colour change

Respiratory change

Pulse change

Autonomic group

Incontinence

Tongue biting

Postictal confiision

Postictal dysphasia

Postictal motor deficit



Appendix 3. S tandard  template for projection of lesions from neuroimaging

I .  I i 3 |

>•171 mm<

U A D F

1

2

3

4

5

6

7

8

9 /

1(1

A
12

■Sr.

/
'S. N

N , \

/ /
/ >k  \

/ / ' T  ■ ■■■■ \ \
/ / \  \

' /
\

C A 1

i
C P  1

\ n /
U A D R I L L ; \ G- E N 0 R M A L i S [ /  /

\  \ ( C a r t e p e r ■ o r e '  / /  
—-------- /a a

I ’ I . I V .  . . .  W V l l l



Appendix 4. Lesions plotted onto brain templates and associated seizure types by 

group number. (Excludes pure hippocampal lesions)
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Appendix 5. Average seizure frequency for each group

a) Average seizure frequency for all seizures combined

120 -r

<1/month 1-4/mon1h 5-1 S/month 16-3(Vmonth 1-4/day >6/day

b) Average seizure frequency for group 1; olfactory/gustatory and fear behaviour

Z 6

<1/month
H—̂  h

1-4/mon1h 5-1 S/month 16-3(Vmonth 1-4/day >5/day
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A ppendix 5, continued

c) Average seizure frequency for group 2; absences

<1/month 1-4/month 5-15/m onth 15-30/month 1-4/day >5/day

d) Average seizure frequency for group 3; experiential

<1/month 1-4/month 5-15/month 16-30/month 1-4/day >S/day
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Appendix 5, continued

e) Average seizure frequency for group 4; visual

5 T

<1/m onth 1-4/mon1h 5-15/m onth 16-30/m onth 1-4/day >5/day

f) Average seizure frequency for group 7; version/posturing

25 -r

»  15 --

<1/month 1-4/month 6-15/month 16-3Q/month 1-4/day >5/day
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Appendix 5, continued

g) Average seizure frequency for group 8; focal somatosensory

<1/m onth 1-4/m onth 6-15/m onth 16-30/m onth 1-4/day >5/day

h) Average seizure frequency for group 12; Jacksonian motor

4 T

<1/month 1-4/month 5-15/month 16-30/month 1-4/day >5/day
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Appendix 5, continued

i) Average seizure frequency for group 13; generalised motor

<1/m onth 1-4/month 5-15/month 16-30/m onth 1-4/day >5/day

j) Average seizure frequency for group 14; motor agitation

<1/month 1-4/month 6-15/month 16-30/month 1-4/day >5/day
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Appendix 5, continued

k) Average seizure frequency for groups 6 (hypotonic); 10 (complex partial status 
epilepticus) and 11 (isolated jerks).

4 ^

Gfoup 6

□  Group 10

Group 11

<1/month 1-4/month S-1 S/month 16-30/montti 1-4/day > 5 /d a y
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A ppendix 6. M aximum seizure frequency distribution for each group

a) Maximum seizure frequency for all cases combined

120

1-2 /d a y  3 -S /d ay  6 -1 0 /d a y  1 1 -2 0 /d ay  2 1 -5 0 /d a y  > 5 0 /d a y

b) Maximum seizure frequency in group 1; olfactory/gustatory and fear behaviour

1-2/day 3-5/day 6-10/day 11-20/day 21-50/day >50/day
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Appendix 6, continued

c) Maximum seizure frequency in group 2; absences

g 12
I  10o
d 8

1-2/day 3-5/day 6-10/day 11-20/day 21-50/day >50/day

d) Maximum seizure frequency in group 3; experiential

oz

1-2/day 3-5/day 6-10/day 11-20/day 21-50/day >50/day
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Appendix 6, continued

e) Maximum seizure frequency in group 4; visual

dz

1-2/day 3-5/day 6-10/day 11-20/day 21-50/day >50/day

f) Maximum seizure frequency in group 7; version/posturing

a
I -
d 8

1-2/day 3-5/day 6-10/day 11-20/day 21-50/day > 50/day
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A ppendix 6, continued

g) Maximum seizure frequency in group 8; focal somatosensory

0z

1-2/day 3-6/day 6-10/day 11-20/day 21-60/day >50/day

h) Maximum seizure frequency in group 12; Jacksonian motor

Z 2
oz

1-2/day 3-5/day 6-10/day 11-20/day 21-50/day >50/day
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A ppendix 6, continued

i) Maximum seizure frequency in group 13; generalised motor

1-2/day 3-5/day 6-10/day 11-20/day 21-50/day >50/day

j) Maximum seizure frequency in group 14; motor agitation

1-2/day 3-5/day 6-10/day 11-20/day 21-50/day >50/day
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Appendix 6, continued

k) Maximum seizure frequencies in groups 6 (hypotonic); 10 (complex partial status 
epilepticus) and 11 (isolated jerks).

6 T

4

^  3 -

■  Group 6 

□  Group 10

■  Group 11

1 -2/day 3-6/day 6-10/day 11-20/day 21-50/day >50/day
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Appendix 7. Tendency for seizures to cluster in each group 

(Clustering = 75% of seizures in less than 25% of the time)

a) Tendency for seizures to cluster; all cases combined.

140 T

120 -

100 -

!2 80

Clusters Mixed pattern Evenly spread

b) Tendency for seizures to cluster in groups 2 (absences); 7 (version/posturing) and 
13 (generalised motor)

Group 2

□  Group 7

Group 13

Clusters Mixed pattern Evenly spread
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Appendix 7, continued

c) Tendency for seizures to cluster in groups 1 (olfactory/gustatory and fear 
behaviour); 3 (experiential) and 14 (motor agitation).

Group 1 

□  Group 3 

Group 15

Clusters Mixed pattern Evenly spread

d) Tendency for seizures to cluster in groups 4 (visual); 8 (focal sensory) and 12 
(Jacksonian motor).

Group 4

□  Group 8

Group 12

Clusters Mixed pattern Evenly spread
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Appendix 7, continued

e) Tendency for seizures to cluster in groups 6 (hypotonic); 10 (complex partial 
status epilepticus and 11 (isolated jerks)

■  Group 6  

□  Group 10

■  Group 11

Clusters Mixed pattern Evenly spread
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Appendix 8. Seizure durations for each group

a) Seizure duration for all seizures combined

120 T

ICO -

u 80

60 -

40 -■

20 -

<10 sec  10-30 sec  30-60 sec  1-2 mki 2-5 min 5-10 min 10-20 min 20-60 irrin >1 h r

b) Seizure duration in group 1; olfactory/gustatory and fear behaviour

H---------- h
<10 sec 10-30 sec 30-60 sec 1-2 irin 2-5 min 5-10 min 10-20 min 20-60 min >1 hr
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Appendix 8, continued

c) Seizure duration in group 2; absences

16 

14 

12 

8 10

! ■
z 6

<10 s ec  10-30 sec  30-60 sec  1-2 min 2-5 irin  5-10 min 10-20 min 20-60 min >1 hr

d) Seizure duration in group 3; experiential

14

12

10LdL
<10 sec  10-30 sec  36-60 sec  1-2 min 2-5 min 5-10 min 10-20 min 20-60 min >1 hr
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Appendix 8, continued

e) Seizure duration in group 4; visual

7  

6 

5

r
1-3
z

2 

1 

0 H---------- 1---------- h
<10 sec  10-30 sec  30-60 sec  1-2 min 2-5 min 5-10 min 10-20 ndn 20-60 min >1 hr

f) Seizure duration in group 7; version/posturing

H---------- 1
<10 sec 10-30 sec 30-60 sec 1-2 min 2-5 min 5-10 min 10-20 min 20-60 min >1 hr
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Appendix 8, continued

g) Seizure duration in group 8; focal sensory

H---------- 1
<10 sec 10-30 sec 30-60 sec 1-2 min 2-5 min 5-10 min 10-20 min 20-60 min >1 hr

h) Seizure duration in group 12; Jacksonian motor

Z 3

I I

<10 sec 10-30 sec 30-60 sec 1-2 min 2-5 min 5-10 min 10-20 min 20-60 min >1 hr
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Appendix 8, continued

i) Seizure duration in group 13; generalised motor

<10 sec 10-30 sec 30-60 sec 1-2 irin 2-5 min 5-10 min 10-20 min 20-60 min >1 hr

j) Seizure duration in group 14; motor agitation

-I---------- 1
<10 sec 10-30 sec 30-60 sec 1-2 min 2-5 min 5-10 min 10-20 min 20-60 min >1 hr
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Appendix 8, continued

k) Seizure duration in groups 6 (hypotonic); 10 (complex partial status epilepticus) 
and 11 (isolated jerks)

■  Group 6 

□  Group 10

■  Groupll

<10 sec 10-30 sec 30-60 sec 1-2 min 2-5 min 5-10 min 10-20 min 20-60 min >1 hr
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Appendix 9. Postictal duration of seizures in each group

a) Postictal durations of all seizures combined

<10 sec 10-30 sec 3M0sec 1-5 min 5-20 min 2000 min 1-4 hr >4hr Unimown

b) Postictal duration of seizures in group 1 (olfactory/gustatory, fear behaviour)

<10 sec 1030 sec 3060 sec 1-5 min 5-20 min 2060 min 1-4 hr >4hr Unknown
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Appendix 9, continued

c) Postictal duration of seizures iu group 2 (absence)

<10 sec 10-30 sec 3 0 ^  sec 1-5 min 5-20 min 20-60 min Whr >4hr Unknown

d) Postictal duration of seizures in group 3 (experiential)

14 T

12 -

10 -

§
"5
o
z

>4hr Unknown1-5 min 5-20 min 1-4 hr<10 sec 1030 sec 30-60 sec
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A ppendix 9, continued

e) Postictal duration of seizures in group 4 (visual)

H---------- h
<10 sec 10-30 sec 3060 sec 1-5 min 5-20 min 2060 min 1-4 hr >4hr Unknown

f) Postictal duration of seizures in group 7 (version/posturing)

25

<10 sec 1030 sec 3060 sec 1-5 min 520 min 2060 min 1-4 hr >4hr Unknown
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Appendix 9, continued

g) Postictal duration of seizures in group 8 (focal somatosensory)

H---------- h m
<10 sec 10-30 sec 3C>e0sec 1-5 min 5-20 min 2O€0min 1-4 hr >4hr Unknown

h) Postictal duration of seizures in group 12 (Jacksonian motor)

<10 sec 10-30 sec 3 0 ^  sec 1-5 min 5-20 min 2060 min 1-4 hr >4hr Unknown
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Appendix 9, continued

i) Postictal duration of seizures in group 13 (generalised motor)

LiiiiL-i
<10 sec 10% sec 3060 sec 1-5 min 5-20 min 2060 min 1-4 hr >4hr Unknown

j)  Postictal duration of seizures in group 14 (motor agitation)

milH---------- 1---------- 1----------
<10 sec 10-30 sec 3060 sec 1-5 min 5-20 min 2060 min 1-4 hr >4hr Unknown
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Appendix 9, continued

k) Postictal duration for seizures in groups 6 (hypotonic); 10 (complex partial status 
epilepticus) and 11 (isolated jerks)

8 T
7 - 

6

I: ,
°  3

2 

1 -  

0

Groupe

□  Group 10

Group 11

<10 sec 10-30 sec  30-60 sec 1-5 min 5-20 min 2060  min 1-4 hr >4hr Unknown
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Appendix 10. Frequency of a prodrom e in each group

a) Frequency of a prodrome in all cases combined

300

100 -

Usually Sometimes Never

b) Frequency of a prodrome in groups 2 (absence); 7 (version/posturing) and 13 
(general motor)

70

V)

I
o
dz

60 -
■  Group 2

50 - □  Group 7

40 B  Group 13

30 -

20 -

10 -

0 - — 1
Usually Som etim es Never
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Appendix 10, continued

c) Frequency of a prodrome in groups 1 (olfactory/gustatory and fear behaviour); 3 
(experiential) and 14 (motor agitation)

Group 1

□  Group 3

Group 14

Usually Sometimes Never

d) Frequency of a prodrome in groups 4 (visual); 8 ( focal somatosensory) and 12 
(Jacksonian motor)

25

20 - I  Group 4

□  Group 8

15 -
■  Group 12

Usually Sometimes Never
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Appendix 10, continued

e) Frequency of a prodrome in groups 6 (hypotonic); 10 (complex partial status 
epilepticus) and 11 (isolated jerks)

8 J

7 - 

6 

5 

4

I  34

2 4 

1 

0

■  Group 6 

□  Group 10

■  Group 11

Usually Sometimes Never
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Appendix 11. Frequency of secondary generalisation in each group

a) Frequency of secondary generalisation of all seizures

140 T

Always Usually Sometimes Rarely Never

b) Frequency of secondary generalisation of groups 2 (absence); 7 
(version/posturing) and 13 (generalised motor)

Group 2

□  Group 13

Group?

Always Usually Som etim es Rarely Never
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Appendix 11, continued

c) Frequency of secondary generalisation of groups 1 (olfactory/gustatory/fear
behaviour); 3 (experiential) and 14 (motor agitation).

20 J 

18 -  

16 

14

35 12 4
I  10 +

o 8 +
6 4 
4 

2 1 
0

B Group 1

□  Group 3

f l  Group 15

Always Usually Sometimes Rarely Never

d) Frequency of secondary generalisation of groups 4 (visual); 8 (focal 
somatosensory) and 12 (Jacksonian motor)

12

10

S 8

S 6
o 
d

4 -

2

■  Group 4 

□  Group 8 

B  Group 12

Always Usually Som etim es Rarely Never
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Appendix 11, continued

e) Frequency of secondary generalisation of groups 6 (hypotonic); 10 (complex 
partial status epilepticus) and 11 (isolated jerks)

5 T

Groupe

□  Group 10

Group 11

LI
Always Usually Sometimes Rarely Never
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Appendix 12. Frequency of vegetative symptoms in each group

a) Frequency of vegetative symptoms in all seizures

160 _

140 --

120 - -

«  100 - -

None Pupillary Resplrabry Pulse Colour Incontinence Urge to PU

b) Frequency of vegetative symptoms in group 1 (olfactory/gustatory and fear 
behaviour)

None Pupillary Respiratory Arise Colour Incontinence Urge to PU
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Appendix 12, continued

c) Frequency of vegetative symptoms in group 2 (absence)

None Pupillary Respiratory Rjise Oobur Incontnence Urge to PU

d) Frequency of vegetative symptoms in group 3 (experiential)

None Pupillary Respiratory Pulse Colour Incontinence Urge to FU
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A ppendix 12, continued

e) Frequency of vegetative symptoms in group 4 (visual)

12 T

10 -

8 -

None
------------------------------- 1— ^ — h

Pupillary Respiratory RjIse Colour Incontinence Urge to PU

f) Frequency of vegetative symptoms in group 7 (version/posturing)

None Pupillary Respiratory RjIse Colour Incontinence Urge to PU



303

A ppendix 12, continued

g) Frequency of vegetative symptoms in group 8 (focal somatosensory)

None Pupillary Respiratory Pulse Colour Incontinence Urge to PU

h) Frequency of vegetative symptoms in group 12 (Jacksonian motor)

None Pupillary Respiratory Pulse Colour Incontinence Urge to FU
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Appendix 12 continued

i) Frequency of vegetative symptoms in group 13 (generalised motor)

None Pupillarv Respiratory Riise Colour Incontinence Urge to RJ

j) Frequency of vegetative symptoms in group 14 (motor agitation)

None Pupillary Respiratory Pulse Colour Incontinence Urge to PU
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Appendix 12, continued

k) Frequency of vegetative symptoms in groups 6 (hypotonic); 10 (complex partial 
status epilepticus) and 11 (isolated jerks)

□  Group 10

Group 10

I  I I
None Pupillary Respiratory Pulse Colour Incontinence Urge to PU
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of Epilepsy (NGPSE):

Partial seizure patterns in a general population
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Article abstract—The National General Practice Study of Epilepsy (NGPSE) is a prospective community-based study 
of newly diagnosed epileptic seizures. Of 594 patients with definite epileptic seizures, 160 (26.9%) had seizures with a 
clinically localizable onset: 36 (22.5%) frontal, 52 (32.5%) central sensorimotor, 43 (27%) temporal, nine (5.6%) fron- 
totemporal, and 10 each (6.3%) parietal and other posterior cortex. There was no difference among these groups in 
seizure frequency or remission rate; 46.5% were seizure free and 6.9% had severe epilepsy. Etiology was identifiable in 
41% and focal CT and EEG abnormalities in 33% and 19%, with results discordant with the clinical seizure localization 
in 21% and 20%. Temporal lobe epilepsy may be underreported, as it may be more difficult to localize clinically. 
Extratemporal seizures are extremely common in the general population, especially frontal and central sensorimotor, 
in relation to cerebrovascular disease. Prognoses are similar for partial epilepsies with different clinical patterns and 
regions of onset and are much better than suggested in hospital-based studies. The clinical, EEG, and CT localizations 
may frequently be discordant in this nonrefractory group.

NEUROLOGY 1992;42:1911-1917

Partial epilepsies are common and are the seizure 
category most likely to be refractory to current 
therapy; therefore, they are of prime clinical impor
tance. Conventionally, they are classified according 
to proposed site of onset, and in the past much 
em phasis was placed on those arising from the 
temporal lobes.H ow ever, in recent years the sig
nificance of ex tra tem p o ra l se izu res has been 
increasingly appreciated. In particular, it has been 
recognized th a t frontal lobe seizures^^^ may be 
responsible for a substantial proportion of partial 
seizures and may be a subgroup tha t is particularly 
difficult to treat.^ Most studies, however, are con
ducted from referral centers and it is not clear to 
what extent this may reflect their practice and pat
terns of referral. The National General Practice 
Study of Epilepsy (NGPSE) is the largest reported 
prospective, population-based study of epilepsy^^^^ 
and provides an ideal opportunity to analyze the 
relative frequency of different seizure patterns in 
the general population, to describe their clinical 
details and response to treatment, and to evaluate 
EEG and CT and correlate these with clinical fea
tures.

Methods. Details of the methods of the study have been 
described elsewhere.^^"^  ̂In summary, 275 general practi
tioners during a 3-year prospective recruitment phase

notified the coordinating center of all patients over 1 
month old in whom a new diagnosis of definite or possi
ble epileptic seizures had been made. The practices were 
located around the country in both urban and rural 
areas, to avoid demographic sources of bias. Patients 
were followed up by the study at 6 months, then at year
ly intervals. Follow-up to date is from 4 to 7 years. 
Details of hospital and specialist assessment and results 
of investigations were also obtained. The study popula
tion is thus an unselected cohort of patients with newly 
diagnosed epileptic seizures, identified at general popu
lation level, in whom comprehensive clinical details have 
been obtained. Considerable emphasis in the design of 
the study was placed on avoiding the sources of selection 
bias, in the identification of the study group, and in 
obtaining comprehensive clinical data from primary and 
secondary care sources. The study has been uniquely suc
cessful in these regards.

A total of 1,195 patients was reported to the coordi
nating center and these were classified by a panel, as 
described p r e v io u s ly .O f  these, 104 were excluded  
because of previously diagnosed epilepsy or neonatal 
seizures and 79 were diagnosed as having nonepileptic 
paroxysmal disorder, most commonly syncope or psy
chogenic episodes. A further 220 had febrile convulsions, 
and 198 had possible but not definite epileptic seizures. 
The remaining 594 patients were classed as having defi
nite epileptic seizures and are included in this analysis. 
This represents a small increase in the number of defi
nite cases of epileptic seizures in the NGPSE since previ
ous reports^^’̂  ̂because of reclassification of some previ
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Table 1. Features of seizures attributable to different regions

Clinical
pattern

No.
(%)

Male
(%)

Age

(SD)

Definite
etiology

(%)

Probable
etiology

(%) A B
Seizure frequency 

C D £ F

Frontal 36 (22.5) 67 38 (27) 10 (28) 8(22) 1 15 11 4 3 2
Central 52 (32.5) 52 41 (29) 21(40) 5(10) 3 23 15 1 2 8
Frontotemporal 9 (5.6) 33 46 (26) 1(11) 4(33) 0 4 1 2 0 2
Temporal 43 (27) 49 40 (20) 4(9) 2(5) 1 20 14 2 3 3
Parietal 10 (6.3) 20 43 (19) 4(40) 0 0 5 1 1 2 1
Posterior 10(6.3) 50 42 (18) 4(40) 2(20) 0 5 2 1 1 1
Total (%) 160 51 40.6 44 (27.5) 21 (13) 4(2.5) 72 (45) 44 (27.5) 11 (6.9) 11 (6.9) 17 (10.6)

A Single seizure.
B Seizure-free (minimum, 2 yr). 
C Rare seizures (<4/yr).
D Moderate frequency (5-12/yr). 
E Frequent seizures (>12/yr).
F Unknown frequency.

Table 2. Abnormalities of investigations rela ted  to clinical patterns

Clinical seizure pattern

Investigation Frontal Central
Fronto

temporal Temporal Parietal Posterior Unlocalized

EEG
Frontal 1 1 0 0 0 0 1
Central 2 5 0 0 0 0 0
Frontotemporal 0 0 1 0 0 0 2
Temporal 1 1 1 4 0 0 15
Parietal 0 0 0 0 1* 0 0
Posterior 0 0 0 0 1 1* 2

CT
Frontal 4 2 0 2 0 0 4
Central 1 5 0 0 0 0 0
Frontotemporal 0 0 0 0 0 0 0
Temporal 0 0 1 1 0 1 0
Parietal 0 1 0 0 2 1 0
Posterior 2 1 0 0 0 2,1* 1

* Investigation lateralized opposite to clinical localization.

ously uncertain cases in the light of new data. Seizures 
were classified by the study panel^^ into generalized and 
lo ca liza tio n -re la ted  ca tegor ies, according to the  
International League Against Epilepsy (ILAE) classifica
tion of epilepsies and epileptic syn d rom es.T h is study 
concerns patients with clinical evidence of partial seizure 
onset, including both those whose seizures remained  
focal and those with generalization from a focal origin. 
These partial seizures were subdivided into six cate
gories of regional onset, according to clinical manifesta
tions, using criteria simplified from the ILAE classifica
tion of epileptic syndromes^® and standard textbook  
descriptions^® (appendix). Four were classical anatomic 
categories—frontal, temporal, parietal, and central sen
sorimotor—and two were “overlap categories”: frontotem- 
poral, including seizures with both frontal and temporal 
features th at could not clearly be allocated to one 
anatomic region, and posterior, with combinations of fea
tures attributable to the occipital, parietal, or posterior 
temporal lobes. A random sample of 42 cases (16.7%) was 
reassessed by the same author and by another study 
member; an interobserver consistency of 95% and an

intraobserver consistency of 90% were obtained.
Interictal EEG abnormalities and lesions on CT were 

related to these seizure patterns, to assess concordance 
between modes of investigation. EEG abnormalities were 
considered focal only if there was localized spike or sharp 
wave discharge; isolated slow wave abnormalities were 
excluded. Only where CT abnormalities were clearly 
focal, eg, tumor or focal atrophy, were they included. 
Where CT or EEG crossed anatomic boundaries, they 
were categorized into that region where the abnormality 
was maximal. Investigations were considered discordant 
where there was clear separation of different modalities, 
eg, a frontal lesion with a temporal seizure pattern, but 
not a parietal lesion with a posterior seizure pattern. In 
some cases, the clinical seizure pattern was unlocalized 
but EEG or CT strongly suggested a focal abnormality. 
These cases were not included in the clinically defined 
partial seizures, hut are included in the analysis of inves
tigative abnormalities as an important, “clinically unlo
calized, localization-related” subgroup.

Etiologic factors were identified from the history or 
investigations and classified either as definitely signifi-



CT EEG
Per Focal Dis Per Focal Dis

formed lesion cordant formed abnormality cordant
(%) (%) (%) (%) (%) (%)

15 (42) 7(47) 2 23 (64) 4(17) 1
22 (42) 9(41) 1 23 (44) 7(30) 1

6(66) 0 0 6(66) 2(33) 0
30 (70) 3(10) 2 38 (89) 4(11) 0

6(60) 4(67) 0 7(70) 2(28) 1
7(70) 5(72) 1 10 (100) 1(10) 1

86 (54) 28 (33) 6(21) 107 (67) 20 (19) 4(20)

cant, where there was clear causation, or as probably sig
nificant, where data were suggestive but not conclusive 
or of uncertain relevance. For exam ple, rem ote cranial 
trauma was considered definitely significant where there 
was clinical or im aging evidence of perm anent cerebral 
damage, but was considered probably significant where 
there was a history of skull fracture with transient neu
rologic im pairm ent but of uncertain  relevance w here 
these factors were absent.

S eizure frequ en cies w ere m easu red  for th e la te s t  
availab le year of follow-up or for the entire follow-up  
period if  survival w as less than  1 year. P atien ts were 
classified as seizure free if  there w as a m inim um  of 2 
years without seizures at latest assessm ent.

Results. Clinical patterns. The ILAE classification 
of the epilepsies and epileptic syndromes^® was 
applied to the 594 patients with definite seizures 
(table 1). Two hundred fifty-two were classified as 
localization-related seizures on the basis of focal 
clinical m anifestations, focal EEG or im aging 
abnormalities, or a clinical history suggesting focal 
cerebral pathology. This number differs slightly 
from the original patient ca teg o riza tio n ,w h ich  
was made before the syndromic classification of the 
ILAE.^® One hundred eighty-seven suffered partial 
seizures and, of these, 142 had sufficiently charac
teristic clinical patterns to allow clinical localiza
tion, leaving 45 patients with evidence of partial 
seizure onset, which was too vague for seizure 
localization—eg, isolated head-turning or vague 
epigastric sensations. Many of these may have rep
resented temporal lobe epilepsy, which is more dif
ficult to localize clinically. A further 18 patients 
suffered secondarily generalized seizures w ith a 
localizable partial onset but no partial seizures, 
yielding a total of 160 patien ts w ith localizable 
seizure onset who form the basis of this analysis. 
Forty-seven patients had historical, EEG, or imag
ing evidence of focal cerebral pathology but only 
generalized seizures. A total of 92 patients, there
fore, was placed in  the “clinically unlocalized 
group,” although having other evidence pointing to 
partial onset. In table 1 are the clinical characteri

zations of the 160 localizable patients: in 36 the 
evidence pointed to likely frontal onset, in 52 to 
central onset, in nine to frontotemporal onset, in 10 
each to parietal and posterior onset, and in 43 to 
temporal onset. There were no differences in the 
age or sex ratios of the patients in each group.

Of the patients in the frontal lobe seizure group, 
12 had seizures with prominent posturing, strongly 
suggestive of prominent supplementary motor area 
involvement, and the remainder (24) experienced 
combinations of complex motor activity, head ver
sion, and tonic and clonic features suggestive of 
o th e r p rim ary  s ite s  of fro n ta l invo lvem ent. 
Temporal lobe seizures manifested as predominant 
olfactory or gustatory hallucination or both (seven 
patients), experiential phenomena (nine patients), 
abdominal manifestation or orofacial automatisms 
or both (10 patients), auditory hallucination (one 
pa tien t), and com binations of the  above in 16 
patients. Parietal seizures manifested as localized 
paresthesias (four patients) or numbness or pain 
(three patients each). The frontotemporal group 
included combinations of autonomic manifestation, 
complex motor activity, and abdominal features 
(four patients), oroalimentary and complex motor 
activity (four patients), and vertigo followed by 
complex motor activity (one patient). Posterior 
seizures included two with unformed visual hallu
cinations and four each w ith formed visual and 
polymodal hallucinations.

Investigative abnormalities. Of the 160 patients 
with clinically localized seizures, 149 (93%) attend
ed the hospital, 107 (67%) underw ent EEG, 86 
(54%) underw ent CT, and 38 (24%) had neither 
test. Table 1 shows the number of patients in each 
group to undergo investigation and their results. 
Table 2 shows the relationship of clinical seizure 
p a tte rn  to investigative abnorm ality  for those 
patients with focal abnormalities. Patients in the 
“clinically unlocalized group” with focal investiga
tive abnormalities are included.

An EEG was available in eight of 12 patients 
with frontal lobe lesions on CT. In one of these, the 
EEG was discordant, colocalizing with the clinical 
pattern to the temporal region, and, in the others, 
EEG was not localizing. EEGs were present in 
three of the six patients with focal central lesions 
and were nonspecific in two, the th ird  showing 
temporal spikes.

In seven patients, the EEG showed frontopari
etal spikes, in five of whom a diagnosis of benign 
epilepsy of childhood with centrotemporal spikes 
was strongly suspected, on the basis of electroclini- 
cal pattern, although patients had not all under
gone imaging or sleep EEG studies. In all three 
patients with temporal lobe lesions, EEGs were 
nonspecific. In two of the 10 cases with parietal or 
other posterior cortical lesions, the EEG lateralized 
opposite to CT and clinical pattern and was nonlo
calizing in the other six in whom it was performed.

Etiologies (table 3). Overall, 32% of patients had 
a clear cause and 9.4% a probable cause for their



Table 3. Identified etiologic factors in seizures with different clinical patterns

Seizure type

Etiology Frontal Central
Fronto

temporal Temporal Parietal Posterior

Vascular 4 16 2 2 2 2
Primary tumor 3 4 0 3 1 3
Secondary tumor 3 2 0 0 1 0
Infection 0 1 0 0 0 1
Acute trauma 1 2 0 0 0 0
Remote trauma 4 1 1 0 0 0
Congenital 2 2 1 0 0 0
Other 1 0 0 0 0 0
Unknown (%) 18 (50) 24(46) 5(55) 37(86) 6(60) 4(40)

seizures. Figures were similar for different seizure 
patterns except in the temporal group (14%), in 
which there were fewer identifiable causes.

M ortality. Twenty-seven patients (16.9%), 11 
female, died during the 3 to 7 years of follow-up; 18 
clearly succumbed to the disease tha t also caused 
their seizures. The mean age of nonsurvivors (64.2) 
at presentation was higher than tha t of survivors 
(35.2). There were 11 deaths in the frontal group 
(30.6%), 11 in the central group (21.2%), three in 
the temporal group (7.0%), and one each in the 
parietal and posterior groups during the period of 
follow-up. The mortality was higher in the frontal 
and central groups than in the temporal group. The 
proportion of identifiable seizure etiologies in non
survivors was 85%, higher than in survivors, even 
controlling for the relative preponderance of frontal 
and central cases. Cerebral tumors and cerebrovas
cular disease were identified in 11 cases each.

Seizure frequency. D ata of seizure frequency 
were available in 89.4% of patients (table 1). The 
pattern of seizure recurrence and frequency did not 
show any significant difference between the six 
clinical seizure locations; 45% experienced only one 
seizure or became seizure free and 27.5% suffered 
only rare seizures. Frequent seizures were seen in 
only 11 patients (6.9%). Four were due to cerebral 
tumor, one each to subarachnoid hemorrhage and 
hypertensive vascular disease, and five were of 
unknown etiology. Of the 27 patients who died dur
ing the follow-up period, three each (11.1%) had 
frequent or m oderately frequent seizures, com
pared with eight each (6%) of survivors.

Discussion. We are aware of no other population- 
based prospective study of epileptic seizures to date 
that has addressed the question of seizure localiza
tion. This design would be expected to confer a dif
ferent emphasis from previous studies, which have 
relied on retrospective diagnoses from EEG or spe
cialist records, or, if prospective, have been hospital 
b a s e d . I n  th is  p a r tia l  se izu re  group, 93% 
attended the hospital. Many of these, however, par
ticularly the elderly with known cerebrovascular 
disease, were m anaged by general physicians, 
without recourse to specialist investigations; other

patients were managed by a variety of specialists 
(eg, pediatrics, geriatrics, psychiatry) and would 
not have been detected in a study selecting patients 
from neurologic or EEG departm ent records. In 
hospital practice, moreover, patients’ seizures may 
not be recorded  as a sep a ra te  d iagnosis—for 
instance, if secondary to acute cerebrovascular dis
ease. A major feature of the study design was the 
measures taken to avoid selection bias at all levels.

Clinical criteria formed the basis of seizure local
ization in this study. This is consistent with the 
em phasis of the ILAE classification on clinical 
seizure pattern and is most appropriate for epilep
tic seizures in the general population, with a low 
mean seizure frequency, although in tertiary refer
ral practice, clinical analysis may be supplemented 
by other investigations.

Partial seizures were identified clinically in 31% 
of patients with definite epileptic seizures, com
pared with 15 to 38% in other s t u d i e s . O f  par
tia l and secondary generalized seizures w ith a 
localizable clinical onset, the proportion conforming 
to a frontal location was high: 22.5% consistent 
with pure frontal onset and a further 38% with 
frontoparietal or frontotemporal discharges. This 
contrasts with current opinion, suggesting th a t 
frontal seizures are relatively uncommon.® For this 
analysis, we selected only those pa tien ts  w ith 
clearly focal manifestations, excluding 92 (36.5%) 
with localization-related seizures bu t clinically 
unlocalizable seizure onset. A number of sources of 
potential error exist; frontal motor phenomena are 
the most striking objective seizure phenomena and 
may m ask more subtle, earlier m anifestations, 
arising from other cortical sites, in some cases. 
Perhaps more importantly, temporal lobe epilepsy 
may present with subtle symptoms that are unlo
calizable in this scheme leading to underrepresen
ta tion of th is group. Conversely, in the current 
study, frontal lesions, demonstrated on imaging, 
presented with generalized seizures, a feature well 
know n to be associa ted  more commonly w ith  
frontal than extrafrontal lesions.M oreover, the 
prom inent motor effects of frontal seizures may 
also mimic generalized seizures, again leading to 
an underestimation of frontal seizures.



Of the 594 pa tien ts  referred  to the NGPSE, 
seizures without unequivocal focal or generalized 
features were seen in 190 and localization-related 
epilepsies without clear focal onset in a further 92 
patients.

There was a trend for frontal lobe seizures to 
occur in younger, male patients but this did not 
approach significance. In Rasmussen’s large series 
of refractory frontal e p ile p s y ,th e re  was a high 
incidence of previous traum a, for which young men 
are at the highest risk. Although a history of signif
icant traum a was elicited in only nine cases of the 
current series, five were frontal, three frontopari
e ta l, and one fron to tem poral. The etiology of 
seizures was recognized less frequently in patients 
in the temporal group than in the other groups. It 
is increasingly recognized th a t a substantial pro
portion of temporal lobe epilepsy may be due to 
mesial temporal sclerosis,^® a pathology generally 
undetectable by CT, which may account for the low 
rate of detection and diagnosis in this group. With 
modern imaging techniques, especially MRI, the 
rate of detection of significant pathology is much 
g r e a t e r . T h e  cu rren t study was undertaken  
before these MRI techniques were available and 
the proportion with mesial temporal sclerosis is, 
therefore, unknown.

The seizure frequency a t la test follow-up was 
similar in all groups. Overall, 47.5% were seizure 
free at 2 years and only 11 (6.9%) had frequent 
seizures. In the six nonsurvivors with moderately 
frequent or very frequent seizures, the cause of 
death was also the cause of the ir seizures. This 
suggests there may be a group who develop severe 
seizures as part of their final illness, leaving an 
even smaller proportion of the general population 
with severe chronic epilepsy.

There was no evidence that chance of remission 
was any more likely in any of the groups. Hospital- 
based studies suggest tha t frontal lobe attacks tend 
to occur frequently, in clusters, and are particular
ly difficult to treat.® “ ’®° Our findings do not confirm 
this, and the hospital studies may show a selection 
bias to a particularly refractory subgroup rather 
th a n  reflect fro n ta l lobe epilepsy as a whole. 
Indeed, the response to treatm ent was generally 
excellent in all the partial seizure patterns, with 
many patients becoming seizure free—again in con
trast to reports from hospital-based studies.

We also looked a t the results of EEG and CT in 
this unselected population and a t the relation of 
clinical features to focal findings on CT and EEG. 
Our findings need to be interpreted with caution 
since not all patients underwent investigation.

I t is, however, in tu itiv e ly  likely th a t  those 
selected for investigation would yield a higher inci
dence of abnormalities than  the population as a 
whole, and this is supported by the finding tha t CT 
was performed in 54% of patients with newly diag
nosed focal se izu res, com pared w ith  26% of 
p a tie n ts  w ith  new ly d iagnosed  g en era lized  
seizures.

Most studies®^ ®® report rates of focal CT abnor
mality in partial epilepsy of 20 to 30%, but they 
have examined patients with chronic refractory 
seizures. In the current study, the overall yield of 
CT abnormalities was 35% of those with partial 
seizures who underwent CT. The high proportion of 
abnormalities probably represents patient selec
tion. Also, our data are drawn from the general 
popu la tion  p resen tin g  w ith  a recen t onset of 
seizures, a proportion of which represented obvi
ous, de novo structu ral lesions th a t time would 
select out from studies of chronic refractory epilep
sy.

The higher mortality in the frontal and central 
groups than in the temporal group is probably due / 
to the higher proportion of identifiable pathology. 
Although mortality was lower in the parietal and 
posterior groups, in which major structural pathol
ogy was also frequently diagnosed, this may be a 
chance effect of smaller group size. The criteria for 
focal EEG abnormality were rigorous, with slow 
wave or other less specific abnormalities excluded, 
unless accompanied by spikes or sharp  waves. 
(Temporal slow waves were frequently described in 
the absence of other abnormalities in a large num
ber of patients in all groups.) The yield of focal 
abnormalities on interictal EEG in patients with 
clinically localized seizure onset was 18%, and was 
similar in all groups. However, a further 15 clini
cally generalized seizures were identified as local
ization related on the basis of focal temporal EEG 
abnormalities. Focal spike discharges gave a local
ization strongly at variance with the clinical pic
tu re  in 20% of cases. Although of a community- 
based rather than a hospital-based patient group, 
our results are consistent with the limitations of 
the role of interictal scalp EEG in partial seizures. 
Most studies of scalp EEG localization have exam
ined its value in refractory epilepsy, in which, com
pared against depth EEG, even ictal scalp EEG 
may miss up to 50% of focal epilepsies, particularly 
if there is secondary bilateral s y n c h r o n y w h i c h  
is commonly seen in m esial frontal epilepsies. 
False-positive EEG results are also reported, espe
cially from the frontal lobes.^®

The high rate of discordance between the local
ization of clinical pattern and investigative abnor
m a lity  m ay be giving im p o rta n t in fo rm ation  
regarding seizure mechanisms. The frontal lobe 
seizure pa tte rn  elicited from posterior cerebral 
tumors in two cases of this series (table 2) may rep
resent the spread of discharges from an area tha t is 
either clinically silent or whose manifestations are 
purely subjective and masked by subsequent loss of 
consciousness and amnesia. Rapid seizure spread 
has been demonstrated experimentally with in tra
cerebral recording in humans.^ '̂^® Occipitofrontal 
pathways are well described in humans^® and are a 
likely substrate for seizure spread in this example. 
This study suggests th a t discordance among CT, 
EEG, and clinical seizure patterns may be a fea
ture of epilepsy at all levels of severity and may not



be restricted to refractory cases seen in specialist 
centers, although it is clearly particularly relevant 
for those patients for whom epilepsy surgery is con
sidered.

Appendix. C linical c r ite r ia  fo r se izu re  localization

Frontal

Central

Temporal

Parietal

Posterior

Unlocalized

1. Seizures with focal, tonic or clonic 
motor activity, or posturing and 
sometimes nonspecific 
somatosensory manifestations, but 
no other experiential 
manifestations

2. Seizures constituting purely 
dystonie posturing

3. Seizures with prominent motor 
automatisms of the limbs, but no 
orofacial automatisms or 
experiential phenomena

1. Focal clonic seizures with 
preservation of awareness

2. Focal simple clonic seizures, with 
either isolated motor activity or 
mixed sensorimotor effects, with 
Jacksonian progression

1. Seizures with prominent 
experiential phenomena, gustatory 
or olfactory hallucination

2. Seizures with arrest, absence, and 
oroalimentary automatisms

Frontotemporal 1. Seizures with combinations of 
manual and oroalimentary 
automatisms

2. Seizures with epigastric sensations, 
autonomic manifestations, and 
prominent motor activity

1. Seizures with exclusively 
somatosensory manifestations, with 
or without Jacksonian progression

1. Seizures with polymodal sensory 
manifestations

2. Seizures with unformed visual, or 
complex visual, auditory, or 
somatosensory hallucinations

1. Seizures with sémiologie evidence of 
partial onset with features not 
attributable to a single cerebral 
region, eg, vague epigastric or 
cephalic sensations or isolated 
head-turning

2. Patients with historical or 
investigative evidence of partial 
seizure onset, but seizures 
appearing clinically generalized 
from the outset
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A bstract
Four patients had  prolonged, sensory, 
sim ple p artia l seizures (SPS), lasting up 
to several days, w ithout associated behav
ioural im pairm en t. In th ree patien ts, the 
SPS often occurred  as a prolonged 
“ a u ra ”  before a m ore overt seizure. 
D escriptions included: “ butterflies” , r is 
ing epigastric sensation; “ a thought in  the 
stom ach” , and  an  olfactory sensation. 
Seizure localisation was frontal in one 
case, tem poral in  two cases and  u ncerta in  
in one case. These sensations m ay re p re 
sent an  under-reported  form  of con tinu
ous, focal seizure activity, which arises 
from  various cerebral regions.

(7 Neurol Neurosurg Psychiatry 1992;55:714^716)

The epileptic aura is generally considered to be 
a short-lived phenomenon, representing the 
early stages o f build up of abnormal, synchro
nous electrical activity. This usually develops 
further into a more obvious seizure or else halts 
abruptly, with reversion to the interictal state. 
We present four cases o f prolonged, sensory 
SPS, without invariable ictal progression, pre
senting to us over the course o f one year.

Case repo rts
Case 1: “Butterfly sensation”
This was a twenty three year old, right handed 
male motor mechanic. Complex partial seiz
ures (CPS) first occurred when he was six 
years old, in association with fever and a head 
injury but they did not become regular until he 
was 10. They were frequently preceded, for up 
to two days, by a butterfly sensation, often felt 
in the abdomen but not specifically localised, 
which sometimes persisted after the seizure. 
Attacks were recorded with video-EEG-tele- 
metry, before and after stereotactic EEG elec
trode insertion. They started with dizziness 
and pallor, followed by a single loud scream, 
abduction o f his legs, bilateral upper limb 
posturing, then rocking movements and com 
plex motor activity, for example, bicycling 
movements. After their recurrence, CPS 
occurred in clusters lasting up to one week, 
with a cluster often followed by a generalised 
tonic-clonic seizure (GTCS).

Ictal scalp EEG recording showed a 20 
second build up o f high amplitude sharp and

slow waves, negative in the right firontocentral 
leads. Postictally the continuation o f the but
terfly sensation was characterised by a period 
of frontocentral, electrographic status epilepti
cus (figure). During this episode there was no 
objective behavioural abnormality.

Intracranial ictal EEG revealed a build up o f  
spike and wave at the deepest medial frontal 
electrode, which spread to the rest o f the 
firontal lobe, to the temporal neocortex and to 
the hippocampus. There were frequent, wide
spread, interictal spikes that were not clearly 
correlated with the butterfly sensation. H e did 
not, however, experience such a prolonged 
feeling as during scalp recording.

H e had right frontal lobectomy with intra
operative electrocorticography. The resected 
tissue showed histological evidence o f a neu
ronal maturation defect. One year later, he had 
suffered a single cluster o f seizures, and no 
further prolonged auras.

Case 2: “ Thought in the stomach”.
Case 2, a twenty five year old, right handed 
male motor mechanic had a normal neonatal 
and early childhood history. At five years of age 
he suffered a G TCS without obvious precipi
tant. H e was treated with phenobarbitone, and 
had no further attacks until the age o f eleven 
years, when he started to experience CPS. 
These started with an aura o f a “ thought in his 
stomach”, lasting up to one minute. A brief 
speech arrest with blankness, was followed by 
hand rubbing automatisms, dysphasia and 
amnesia, lasting a few minutes. H e was seizure 
free from 16-20 years o f age, but seizures then 
recurred in the same pattern. W hen he was 24 
years old, his medication was changed and his 
overt seizures ceased. However, at roughly 
monthly intervals (the same frequency as his 
seizures one year previously) he experiences 
the same sensation o f a “thought in his 
stomach” . This fluctuates over several days, 
not disappearing and not reaching the severity 
he associates with an impending attack. Dur
ing this time he remains fully alert and able to 
carry out his normal work and duties.

Interictal EEG consistently showed mild 
sharp and slow wave abnormalities over the 
right anterior temporal region. C T  and MRI 
were normal. We have not obtained an EEG  
during an aura.

Case 3: Epigastric sensation
This was a 36 year old right handed, male
housing officer with a normal perinatal and
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Figure 1 Case 1: Standard 10-20 sealp EEG during a prolonged epigastric sensation, shaming rhythmical slow activity, predominantly in the right 
frontocentral leads.

early childhood history. Seizures started at the 
age of 18 and have been present once a week 
for the past 13 years. On the day he is due to 
have a seizure, he awakes with an epigastric 
sensation, which persists for hours and a few 
seconds before an attack, it rapidly rises to his 
chest. He shouts “Oh God” and is unaware for 
several seconds. There follows up to one 
minute of manual automatisms. Recovery 
occurs within two minutes, with no dysphasia.

^-Sometimes the epigastric sensation persists 
after the seizure when he knows he will have a 
further seizure that day.

CT scan was normal but MRI, with planes 
orientated parallel to the long hippocampal 
axis, showed substantial loss of right 
hippocampal substance. Interictal EEG on a 
normal day showed diffuse delta and sharper 
components anteriorly with a left-sided pre
ponderance. Video telemetry was performed: 
there was no EEG abnormality during an aura 
or a seizure, but postictally there was diffuse 
right sided slow activity'.

Case 4: Olfactory sensation 
A right handed 55 year old male electronics 
engineer had experienced occasional microp
sia, with the illusion of progressive diminution 
of the size of objects since the age of four years. 
This lasted for two minutes, with no alteration 
of consciousness and was associated with a 
pleasurable sensation. Since 1984 he has suf
fered frequent, strong, olfactory hallucinations 
of a variable nature, but usually a chemical 
odour, resembling paint or hot oil. These 
would persist for several days with numerous 
exacerbations lasting up to 30 minutes. There 
have not been any more overt seizures and his 
work and concentration remain unimpaired.

Interictal EEG consistently showed a left
sided spike focus between the anterior and 
midtemporal regions, which did not change in 
association with the hallucinations. CT scan 
was normal but volumetric MRI showed 
reduction in volume of the anterior portion of 
the left hippocampus. Initial treatment with

carbamazepine made no impact on his attacks, 
and subsequently phenytoin was only tran
siently effective.

Discussion
An aura represents a focal epileptic discharge, 
manifesting as a sensory SPS, which may 
progress to a more overt seizure. The first three 
cases clearly satisfy the International League 
Against Epilepsy criteria for an aura;' a ster
eotyped sensation, without impairment of 
consciousness, temporally closely related to 
seizures. The fourth is also epileptic in view of 
clinical features, EEG and MRI findings and 
response to anticonvulsants. They are, how
ever, unusual in that the phenomena may 
persist for a considerable period without devel
opment of an overt seizure. This can be 
classified as “ simple partial status epilepticus” , 
non-convulsive as distinct from epilepsia par
tialis continua (EEC) or other motor seizure 
phenomena.

For case 1, the sensation was clearly asso
ciated with electrical seizure activity on surface 
but not on intracranial EEG. Up to half of 
auras may be missed on intracranial recording, 
probably because of the small volume of tissue 
sampled." ^The diagnosis of an aura is clinical; 
not affected by the absence of localising EEG 
abnormality, either ictal (cases 3, 4) or inter
ictal (case 2 ).’ ■*

Evidence for a frontal focus is strong in case 
1, and cases 3 and 4 strongly suggest temporal 
lobe epilepsy. These results present evidence 
that prolonged, sensory SPS is not a property 
of a single cerebral region.

Psychomotor complex partial and focal 
motor status epilepticus are well accepted 
entities, but despite series amounting to thou
sands of cases with careful analysis o f seizure 
semiology,”   ̂ we have found few reports of 
sensory status epilepticus. Hughiings-Jack- 
son“’ described a case in which: “sometimes 
when the attacks are about, she has a sensation 
of smell or of taste at the back of her throat, but
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not in connection with her seizures” . Penfield 
and Jasper" described a patient with a pre
vious parietal injury who suffered continual 
tingling of the left foot for a week and recently, 
Sowa and Pituck'^ reported a case with weeks 
of continuous visual hallucination, accom
panied by EEG abnormality and with no 
functional impairment. Our four patients were 
takenAonrour current clinical practice and we 
have seen others with a past history of a similar 
phenomenon, suggesting that this pattern of  
epilepsy may be more frequent than previously 
recognised. These patients with a prolonged, 
continuous SPS are distinct from others who 
experience frequent, brief auras before an 
overt seizure.

These symptoms represent continuous, 
highly localised seizure activity, manifesting as 
sensory or visceral symptoms, without spread 
to areas that would result in behavioural 
impairment. The subtlety o f these symptoms, 
that they last longer than is usual for epileptic 
phenomena and that they are rarely accom
panied by EEG change, probably explain why 
they are less frequently recognised than other 
forms o f focal status epilepticus, for example, 
EPC or psychomotor. This may mean that a 
group o f patients has undetected, mildly symp
tomatic, prolonged seizure activity; case 4 had 
symptoms from early childhood, but a diag
nosis was only made in middle age.

Apart from patient 1, who also had severe 
complex partial seizures, all these patients were 
in employment and continuing to function 
normally in their social setting. This may

therefore be a relatively benign form of pro
longed seizure activity. If, as has been sug
gested, continuous, focal discharges are 
harmful to neurons in the long term,'^ then 
early identification and treatment of this group 
may prevent the development of a more 
intractable seizure disorder, and associated 
neuropsychological deterioration.
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