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Preface

While continuing clinical-EEG, imaging, genetic, and molecular biology research have led to better understanding of the epilepsies and, through successive approaches to classification, to the latest terminology and concepts of seizures and epilepsies (Scheffer et al., 2017), the clinical and EEG classification of epileptic seizures of 1981 marked the last attempt to define EEG criteria, then duly in keeping with the dichotomous concept (Gastaut 1970; Commission 1981; 1985; 1989). A comprehensive update of the EEG diagnostic criteria was deemed necessary and the task was commissioned by the Neurophysiology Task Force of the ILAE Committee on the Diagnostic Methods. To this end, a group of EEG / clinical epileptology experts produced the work presented in this volume, which - exceeding the initial objective – proposes:

1. A simple diagnostic system that is applicable to all epilepsy syndromes and could enable electroencephalographers:


	to rate the degree of diagnostic certainty by weighting EEG findings in relation to the available clinical information;


	to suggest further EEG diagnostics where conclusive evidence is lacking. It is conceivable that an effective and easy-to-use diagnostic rating system may also improve homogeneity in EEG interpretation and reporting.



2. A system of syndrome-specific recording protocols that, used in the relevant clinical presentation or the specific clinical question, can maximize activation of ED and ultimately help with standardization of EEG recording across departments. Because recording methodology also depends on available resources, a two-tier system has been developed to embrace clinical EEG services in the hospitals of resource-limited and industrialized countries.

To better understand the rationale behind the suggested protocols, and to support interpretation and reporting, pertinent clinical and EEG information for each syndrome is provided in abundance.

The standard layout of each Chapters-Syndrome consists of:


	an Overview that gives a short description of the syndrome, including its nosological co-ordinates;

	a section on Seizures: symptoms and semiology that provides a brief description of all associated seizure types and their relation to state of vigilance and other modulators;

	the EEG section that contains ample information about background rhythms and the typical interictal and ictal paroxysmal findings in wakefulness and sleep;

	
Recording protocols summarize the methodology and techniques that are more likely to activate ED and other EEG characteristics of the particular syndrome to maximize diagnostic yield;

	the section on Levels of EEG diagnosis essentially rates diagnostic confidence according to the findings in hand, assuming newly presented patients and available essential clinical information. Following successive rounds of internal deliberations and critiques, and a number of trials (for more on methodology see Koutroumanidis et al., 2017 part 1), diagnostic confidence for a particular working clinical hypothesis / question is simply, clearly and conveniently graded, from highest to lowest, into the following levels:



Confirmatory of the clinical diagnosis when the EEG contains: i) typical seizure(s); ii) typical interictal epileptic activity; iii) no atypical features

High diagnostic certainty (probable) when no seizure is recorded, but the EEG contains: i) typical interictal epileptic activity; ii) no atypical features

Lower diagnostic certainty (possible) when no seizure is recorded, but the EEG contains: i) typical interictal epileptic activity and ii) some atypical features. In this scenario, findings are diagnostic of the type (class) of epilepsy (i.e., genetic generalized or structural focal), but not strictly suggestive of the suspected syndrome. This level is still clinically significant because it can guide treatment with appropriate anti-epileptic agents, and also important for clinical or epidemiological research.

We very much hope that this work becomes a useful (and enjoyable) educational tool for all EEG technologists and physicians who see people with epilepsy and are interested in EEG, particularly outside tertiary epilepsy centres.

Michalis Koutroumanidis,
on behalf of all co-authors
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Abbreviations

• ABFEC: atypical benign partial epilepsy of childhood

• ADNFLE: autosomal dominant frontal lobe epilepsy

• ADPEAF: autosomal dominant partial epilepsy with

• AED: antiepileptic drug

• AM: action myoclonus

• ASE: absence status epilepsy

• BFIE: benign familial infantile epilepsy

• BFNE: benign familial neonatal epilepsy

• BFNIE: benign familial neonatal-infantile epilepsy

• BFNIS: benign familial neonatal-infantile seizures

• BIE: benign infantile epilepsy

• BRE: benign rolandic epilepsy

• BZD: benzodiazepines

• CAE: childhood absence epilepsy

• CAP: cyclical alternating pattern

• CBM: carbamazepine

• CLZ: clonazepam

• CSWS: continuous spike-and-wave during slow sleep

• CTS: centrotemporal spikes

• DnASLO: de novo absence status of late onset

• DS: Dravet syndrome

• ED: epileptic discharge

• EIMFS: epilepsy of infancy with migrating focal seizures

• ELMA: eyelid myoclonia with absences

• EMA: epilepsy with myoclonic absences

• EMAS: epilepsy with myoclonic-atonic seizures

• EME: early myoclonic encephalopathy

• E-PA: epilepsy with phantom absences

• ESES: electrical status epilepticus during sleep

• ESX: ethosuximide

• fmTLE: familial mesial temporal lobe epilepsy

• FOS: fixation-off sensitivity

• FS: febrile seizure

• FS: febrile seizures

• GCTC: generalized clonic-tonic-clonic seizures

• GGE: genetic generalized epilepsy

• GPSWD: GSWD with a polyspike component

• GSPWD: generalized spike/polyspike-and-wave discharges

• GSWD: generalized spike-and-wave discharges

• GSWD: generalized spike-wave discharge

• GTCS: generalised toni-clonic seizure

• GTCS: generalized tonic-clonic seizures

• GTCSa: generalized tonic-clonic seizures alone

• HFO: interictal high-frequency oscillations

• HV: hyperventilation

• ICCA: infantile convulsions and paroxysmal choreoathetosis

• IED: interictal epileptic discharges

• IGE: idiopathic generalized epilepsy

• IoC: impairment of consciousness

• IPS: intermittent photic stimulation

• IS: infantile spasms

• JAE: juvenile absence epilepsy

• JME: juvenile myoclonic epilepsy auditory features

• LEV: levetiracetam

• LGS: Lennox-Gastaut syndrome

• LKS: Landau-Kleffner syndrome

• LTG: lamotrigine

• MAE: myoclonic-atonic epilepsy

• MAS: myoclonic absence seizures

• MEI: myoclonic epilepsy in infancy

• MELAS: mitochondrial encephalomyopathy, lactic acidosis

• MS: myoclonic seizure

• MS: myoclonic seizures

• mTLE: mesial temporal lobe epilepsy

• MTS: mesial temporal sclerosis

• NREM: non-rapid eye movement

• nTLE: neo-cortical (lateral) temporal lobe epilepsy

• OE-G: occipital childhood epilepsy of Gastaut

• OIRDA: occipital intermittent rhythmic delta activity

• OLE: occipital lobe epilepsy

• OPM: orbitofrontal photo myoclonus

• OS: Ohtahara syndrome

• PDA: polymorphic delta activity

• PKD: kinesigenic dyskinesia

• PNES: psychogenic non-epileptic seizure

• PPR: photoparoxysmal response

• PPR: photoparoxysmal responses

• PS: Panayiotopoulos syndrome

• RBD: REM behavioural disorder

• REM: rapid eye movement

• RMEI: reflex myoclonic epilepsy in infancy

• S-B: suppression burst

• SBS: secondary bilateral synchrony

• SD: sleep deprivation

• SDEEG: EEG after partial sleep deprivation

• sec-GTC: secondary generalized tonic-clonic

• SES: status epilepticus during sleep

• SI: self-induction

• SOZ: seizure onset zone

• SSEPs: somatosensory evoked potentials

• SSW: slow spike-waves

• SWI: spike-wave index

• TA: typical absences

• TA: typical absences

• TIRDA: temporal interictal rhythmic delta activity

• TLE: temporal lobe epilepsy

• ULD: Unverricht-Lundborg disease

• VG: video games

• VPA: valproic acid IPS: intermittent photic stimulation

• WS: West syndrome
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From the initial request to the final report

The occurrence and behaviour of diagnostic EEG graphoelements is dynamic, subject to a plethora of interplaying modulators that include the following: age of the patient, stage of the natural course of the given syndrome, time of day, state of arousal and sleep adequacy, antiepileptic and other medications, and possibly other environmental factors. The full EEG characterization of an epilepsy syndrome may not be possible from a standard “interictal” recording during wakefulness or even sleep; waking EEGs may show no ED in substantial numbers of people with known epilepsy (Pedley et al., 2003; Pillai and Sperling, 2006), while sleep EEGs may recover ED in much higher numbers (Binnie and Stefan, 1999), particularly after sleep deprivation (SD) (Rowan et al., 1982) and variably across epilepsy syndromes with the highest yield upon awakening in generalized epilepsies (Degen et al., 1987). Moreover, the occurrence of deﬁning ED or even seizures may depend on standard activation (such as hyperventilation [HV] that can elicit generalized spike-wave discharges [GSWD] or absences) or speciﬁc activation (such as reading), the effect of which can be tested on suspicion under controlled conditions in the EEG laboratory. Therefore, EEG recordings can be “personalized” according to the diagnostic hypothesis and the available clinical information, maximizing diagnostic yield.

Despite some published guidance about the structure of the EEG referral (Noachtar et al., 1999; Beniczky et al., 2013), experience from both resource-limited (Birbeck et al., 2011) and developed countries (Nicolaides et al., 1995; Smith et al., 2001) indicates that EEG requests may not contain pertinent clinical information or a working hypothesis, while (not infrequently) the clinical question is misguided (“is it epilepsy?”/“rule out epilepsy”) (Fowle and Binnie, 2000; Koutroumanidis and Smith, 2005). Important information may be obtained during electrode application, when the EEG technologist (trained in basic epileptology) has ample time to discuss key clinical aspects, including seizure symptoms and semiology (as patients are frequently escorted), frequency, timing, and possible triggers with the view to test during the recording (Figure 1).

The relevant information can be entered in a struc- tured template, together with the standard personal and referral data, detailed recording conditions, and the factual report (for a comprehensive list of entries, readers are referred to SCORE [Beniczky et al., 2013]).

Interpreting and reporting the EEG

EEG interpretation is based on expert visual analysis of the ED and other non-epileptiform abnormalities, including their response to activation and behaviour in different states of vigilance, and then on their synthesis into a plausible diagnostic hypothesis, taking into account the available clinical information and possible previous EEG results. Early recordings can help, as robust patterns during childhood and adolescence may become subtle and ambiguous in adulthood. A normal EEG does not have the same meaning in all suspected syndromes. Although it does not exclude the diagnosis of most (Fowle and Binnie, 2000; Koutroumanidis and Smith, 2005), it does render unlikely the diagnosis of a few syndromes when the EEG recording is adequately performed, such as childhood absence epilepsy (CAE) in an untreated child with reported daily pyknoleptic “absences”, who hyperventilated correctly during the EEG.
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The ﬁnal clinical EEG report “translates” the EEG ﬁndings into clinically useful information and may suggest an epilepsy type or syndrome, implicitly with some reference to the possible aetiology and with varying degree of diagnostic certainty (see below). Importantly, this business end of the EEG process also feeds taxonomy. The EEG report should be clear in content using common clinical terminology without special EEG terms (Noachtar et al., 1999; Kaplan and Benbadis, 2013; Tatum et al., 2016).

EEG interpretation is not always straightforward. In the process of EEG “reading”, simple and unequivocal in their clinical signiﬁcance, but also complex and potentially ambiguous patterns of ED will have to be “rephrased” using standard widely accepted terminology (Noachtar et al., 1999; Beniczky et al., 2013), or, if this is not possible, a ﬁnite gamut of EEG descriptors; both may have important semantic connotations. For example, a spike-and-wave discharge that occupies all scalp electrodes but has a regional lead-in can be interpreted as either focal with fast generalization (implying focal epileptogenesis), or as generalized with an incompletely generalized onset (suggesting genetically determined generalized epilepsy). Similarly, a lateralized spike-and-wave discharge that occupies several adjacent scalp electrodes can only be interpreted as either regional (Noachtar et al., 1999), or as incompletely generalized (Browne et al., 1974). Although the fundamental distinction between “focal” and “generalized” has been partially addressed (with respect to seizure onset) in the 2010 ILAE report (Berg et al., 2010), EEG interpretation of phenomenologically ambiguous interictal ED remains unresolved. Therefore, this dichotomy is implicitly liable to subjective expert opinions that account for the moderate inter-observer agreement (van Donselaar et al., 1992), potentially leading to double taxonomy standards.

When the available EEG evidence is insufﬁcient for electroencephalographers to suggest a diagnosis without being overly subjective in their opinion, it is recommended that the rationale and the EEG evidence are fully explained in the report, all diagnostic possibilities are included and further testing is advised depending on the available resources (for instance, sleep or ambulatory EEG, video telemetry, etc.). Differentiation between genetic (idiopathic) generalized epilepsies and secondary bilateral synchrony (SBS) is a typical example of such limitations (see relevant diagnostic criteria in the next chapter). The roles of the referring physician, the EEG technologist, and the electroencephalographer in the optimal diagnostic clinical EEG process are summarized in Figure 1. It is emphasized that the diagnostic and taxonomic value of the EEG report depends on the competence of each contribution. Although the roles and their weightings in the EEG process are different, each stage feeds the next and any deﬁciency in this ﬂow will affect the clinical usefulness of the ﬁnal report.
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For best patient care and farthest reach, a com- prehensive EEG recording-reporting methodological framework should be versatile and adaptable to the diverse levels of clinical EEG service worldwide, taking into account the available material and human resources, including the variable training and expertise of the clinicians who interpret EEG and the EEG technologists alike.

There is substantial variability in the provision of the EEG service worldwide, reﬂecting the large gap in the epilepsy care between resource-limited countries and the industrialized countries of Europe, North America, and East Asia. In the former, mainly located in Latin America, Africa, Asia, and the Caribbean, epilepsy is not amongst the ﬁrst public health priorities despite its high annual incidence that ranges from 92.7 to 190 per 100,000, mostly in relation to preventable parasitic and infectious diseases and under-resourced perinatal care (Carpio and Hauser, 2009); neurologists are very few and practice in major cities (Mani, 1998), referral services are frequently poor and people with epilepsy are often managed by primary-care physicians, or remain untreated (de Bittencourt et al., 1996). EEG services are variably available in only three quarters of resource-poor countries (Dua et al., 2006), operating without minimum standards by untrained laboratory technologists (Radhakrishnan, 2009; Birbeck et al., 2011). Digital video-EEG equipment is scarce, usually concentrated in the private sector and only in major cities and hence inaccessible to the majority of the population (WHO, 2004, 2005; PAHO, 2011). When available in the public sector, waiting times may be extremely long (Caraballo and Fejerman, 2015) and brief recordings are common (Birbeck et al., 2011). In Africa, although EEG services are becoming more available than neuro­imaging (Wilmshurst et al., 2011), EEG is still not routinely performed in patients hospitalized with convulsive epilepsy (Kariuki et al., 2015a), physicians trained to basic EEG interpretation are few, and educational guidelines for the EEG interpretation are lacking (Kander and Wilmshurst, 2015). Well conducted EEG studies on children and adults (Igwe et al., 2014; Lagunju et al., 2015; Kariuki et al., 2015b) are still scarce and mostly concern routine recordings on patients with convulsive seizures. Electroclinical diagnosis primarily focuses on the distinction between focal and generalized epilepsy, pragmatically reﬂecting fundamental clinical needs.

Recording and reporting standards vary also amongst the industrialized countries of Europe, North America, and the Far East, where digital video-EEG is readily available. The proportion of abnormal EEGs may differ between hospital and community-based samples (Binnie and Stefan, 2003), while training of technologists and recording protocols vary across EEG departments. In some district hospitals, EEGs may be reported by clinical neurophysiologists primarily interested in electromyography, while at epilepsy centres and university hospitals, inter-observer agreement may only be moderate (van Donselaar et al., 1992).

We have pragmatically distinguished two levels of EEG recording, according to the available ­depart- mental facilities and material resources (including capability for lengthy and sleep recordings and speciﬁc activation, multiple channels, and ­ availability for polygraphy, synchronized video) and the skills and trained expertise of the EEG technologist: a) basic, suitable for most district general hospitals and for tertiary/university hospitals in resource-­limited countries, and b) advanced, with the minimum requirements expected for tertiary epilepsy centres and university hospitals in developed countries (box 1). The requirements for the basic level may appear more complex and demanding than those currently employed by many EEG departments in district general hospitals, but our primary aim is to gradually raise the standards of practice at this level. It can be sensibly inferred that for the majority of the epilepsy syndromes, notwith­standing some differences in material ­resources, basic EEG may diagnostically offer ­almost as much as the advanced when recorded by skilled EEG technologists with appropriate training in epileptology.

To provide EEG technologists with the rationale for the syndrome-speciﬁc recording protocols, we have included information about the behaviours of ED in different states of vigilance and their response to speciﬁc and non-speciﬁc activation.
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The purpose of the diagnostic process in epilepsies is twofold: i) to identify the full clinical semiology and deﬁne the epilepsy type or syndrome, and ii) to ﬁnd the underlying cause. The EEG directly contributes to the clinical, but not to the aetiological diagnosis. A distinctive EEG pattern (such as a focal spike-wave) may transcend different aetiologies, while epilepsies within a given class of aetiology may have different EEG characteristics; for instance, CAE, Dravet syndrome and autosomal dominant nocturnal frontal lobe epilepsy are genetically determined and yet exhibit distinctively different EEG proﬁles.

To fulﬁl its diagnostic and taxonomic role within the new framework, the EEG and essentially its effective clinical contribution, the EEG report, should be in compliance with the new concepts, though ensuring that replacement of the 1989 concepts and terms will not impact on its clinical usefulness.

EEG and clinical classiﬁcation

The syndrome approach remains the backbone of the clinical classiﬁcation (Scheffer et al., 2017) and the revision of the EEG criteria at this level needs no particular amendments when ofﬁcially recognized epilepsy syndromes are concerned.

EEG and aetiological classiﬁcation

The 2017 ILAE position paper on Classiﬁcation of the Epilepsies recognizes a range of aetiological groups, with emphasis on those that have implications for treatment: structural (in the presence of an MRI lesion), genetic, infectious, metabolic, and immune, as well as an unknown group (Scheffer et al. 2017). It also recognizes the fact that aetiologies are not mutually exclusive, a patient’s epilepsy may be classiﬁed into more than one aetiologic category; the aetiologies are not hierarchical, and the importance given to the patient’s aetiological group may depend on the circumstance. For instance, a patient with tuberous sclerosis has both a structural and a genetic aetiology; the structural aetiology is critical for epilepsy surgery, whereas the genetic aetiology is key for genetic counselling and consideration of novel therapies such as mammalian target of rapamycin (mTOR) inhibitors.

The EEG per se may suggest a certain class of aetiology only indirectly; as a rule, such suggestion is non-speciﬁc, although some EEG patterns may imply that a certain aetiology is more likely than another, introducing a degree of probability. For instance, the combination of interictal spikes and slow wave activity over one temporal lobe in a patient with focal seizures suggests a structural cause, although it may also occur in the rare familial temporal lobe epilepsy (Crompton et al., 2010). Similar EEG features also occur in patients without family history or an identiﬁable cause, as for instance, in those with normal imaging or non-speciﬁc histopathological ﬁndings and good seizure outcome after ipsilateral temporal lobectomy (Koutroumanidis et al., 2004). In this example, the good one-to-one correlation between the 1989 and the 2017 aetiological taxonomies (structural vs. symptomatic, unknown vs. cryptogenic or probably symptomatic, and genetic) does not inﬂuence the clinical usefulness of the EEG report.
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A. Basic: HV and IPS (standard activating procedures).

Basic EMG polygraphy (unless channels are limited).

Digital machines and video (may be variably available in resource-limited countries).

Recording during sleep (when difﬁcult to schedule, encourage drowsiness/light sleep, if possible).

B. Advanced: HV, IPS, other speciﬁc activation, video, multichannel polygraphy.

Sleep EEG after partial (or 24-hour in some departments) sleep deprivation (SDEEG) or pharmaceutically-induced.

Prolonged daytime video or overnight recordings, video-telemetry, etc., as indicated.

Note that all recordings can be individualized according to clinical information/questions.

					

				

However, associations between the two aetiological taxonomies can be more complex when certain types of idiopathic generalized epilepsy (IGE) are concerned with potentially signiﬁcant clinical impact on the EEG report. While reporting on ofﬁcially recognized syndromes of genetic generalized epilepsy (GGE), such as Childhood Absence Epilepsy (CAE), juvenile absence epilepsy (JAE), juvenile myoclonic epilepsy (JME), and epilepsy with generalized tonic-clonic seizures alone (GTCSa), communicates exactly the same clinical information in either taxonomy (see EEG and clinical classiﬁcation above), there may be potentially signiﬁcant pitfalls when patients with clinical phenotypes, previously understood within the spectrum of IGE, but not ofﬁcially recognized as distinctive syndromes and therefore not currently featuring within the GGE, are concerned. Examples include the syndromes of eyelid myoclonia with absences (ELMA) (Jeavons, 1977), absence status epilepsy (ASE) (Genton et al., 2008), epilepsy with phantom absences (E-PA) (Panayiotopoulos et al., 1997), and also a number of unclassiﬁable clinical phenotypes (Valentin et al., 2007). They all share with the recognized genetic generalized syndromes of CAE, JAE, JME, and GTCSa the characteristic GSWD, a genetic marker par excellence, and also deﬁning seizure symptoms, such as TAs, but with little evidence of substantial genetic contribution to their aetiology (as in epilepsy with PA [Koutroumanidis et al., 2008]) or no evidence at all (as in ASE [Genton et al., 2008]), at least according to our current knowledge. From the EEG perspective, it would be misleading to classify some of the non ofﬁcially recognized IGE syndromes as of “unknown aetiology”.

A similar adjustment was felt necessary for the group of idiopathic (self-limited) focal epilepsies of childhood, for which conclusive evidence for primary genetic aetiology is still elusive (Vadlamudi et al., 2014). Again, the clinical usefulness of the EEG report is not affected when typical electroclinical forms of the three ofﬁcially recognized main syndromes (benign Rolandic epilepsy, Panayiotopoulos syndrome, and occipital epilepsy of Gastaut) are concerned, but intermediate phenotypes of similar aetiology that cannot be classiﬁed in any of the three main syndromes do exist (Covanis et al., 2003). From the EEG perspective, a genetic substrate was suspected 50 years ago (Bray and Wiser, 1964, 1965) and is supported by evidence from linkage and association analysis of centrotemporal spikes (Neubauer et al., 1998; Strug et al., 2009; Pal et al., 2010) and the close association between these focal spikes and GSWD in many of these children. The relevant proportions of GSWD reach a third of children with idiopathic occipital epilepsy of Gastaut (Gastaut and Zifkin, 1987; Caraballo et al., 2008), up to a quarter of those with Panayiotopoulos syndrome (Ohtsu et al., 2003; Specchio et al., 2010) with some children showing only GSWD at seizure onset (Caraballo et al., 2015), and up to 15% of children with benign rolandic epilepsy (Beydoun et al., 1992); a few of these children may even have absences (Gastaut and Zifkin, 1987; Caraballo et al., 2004).

For these reasons, an “expansion” of the genetic group to also include as “possibly genetic” (table 1) all the idiopathic focal epilepsies and the IGE ­syndromes that are not ofﬁcially recognized was deemed the only satisfactory way to maintain the clinical-taxonomic role of the EEG.

Table 1 shows examples of epilepsy syndromes and epilepsies for each major diagnostic EEG pattern, tabulated according to the main aetiologies, with the important caveat that aetiological classiﬁcation is a dynamic process and that future research is anticipated to demonstrate varying genetic contribution in a number of epilepsies and syndromes currently considered of unknown aetiology. In table 1, the idiopathic focal epilepsies of childhood and ­adolescence and the non-recognized IGE syndromes and phenotypes feature under the subheading of “possibly genetic”, stressing their EEG links to the four major syndromes of GGE. We emphasize that this organization serves EEG purposes and is in keeping with the freedom of organizing epilepsies according to a deﬁning feature that is useful for a particular purpose (Berg and Scheffer, 2011), in this case the GSWD. Accordingly, ELMA, epilepsy with PA, ASE, patients with unclassiﬁable IGE, and at least a subset of children with absences before the age of three years or with epilepsy with myoclonic absences are possibly genetic with mainly generalized seizures and EEG abnormalities; the idiopathic focal epilepsies of childhood are possibly genetic, self-limited epilepsies with mainly focal seizures and EEG abnormalities; and the idiopathic reﬂex epilepsies are genetic (photosensitive epilepsy) or possibly genetic (reading/language-induced epilepsy) with generalized and focal seizures and EEG abnormalities (table 1). To avoid confusion, and also to limit the social stigma and consequences that may exist in different countries and cultures (Scheffer et al., 2017), both terms “genetic generalized epilepsy” (GGE) that include the “expanded” possibly genetic epilepsies and IGE will be used together as GGE/IGE throughout this document.
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The generalized spike-wave discharge (GSWD) at >2.5 Hz

The interictal EEG hallmark of the GGE/IGEs is the GSWD at >2.5 Hz, occurring against normal background activity. Incomplete GSWD and non-localizing focal spikes may variably occur.

The GSWD: morphology and distribution

The GSWD consists of regular or almost regular sequence of bilateral synchronous spike-and-wave complexes at the classic frequency of 3-3.5 Hz (measured after the ﬁrst second of the discharge), or faster at 4-5 Hz. Frequency may be faster and irregular at its very onset (within the ﬁrst 500 ms-1 sec), gradually slowing down towards its termination, although intra-discharge irregularities may occur. The spike component, prominent at onset, may become inconspicuous towards the end of the paroxysm. The amplitude of the spike-wave complexes is typically maximal over the frontal areas and displays an anterior to posterior gradient, frequently fading over the occipital areas.

The term “generalized” indicates that the paroxysm occupies all areas of the cerebrum (visible over all EEG leads), while the term “incompletely generalized” (Browne et al., 1974) describes discharges that occupy at least two lobes on each side.

Voltage asymmetries between the hemispheres or any regional (anterior, posterior, or lateral, lateralized or not) lead-in may occur; when lateralized, the regional lead-in typically switches sides in the same or successive recordings. A lead-in consistently lateralized to the same side is not necessarily an exclusion diagnostic criterion for GGE/IGE in its own right (Lombroso, 1997) (see also section on SBS).

Effect of sleep and other activation

Slow (non-REM) sleep, mainly Stages 3 and 2 and to a lesser degree Stage 1, activates GSWD, although Stage 3 is rarely reached in outpatient sleep EEG recordings; discharge activation is particularly enhanced when sleep is achieved by SD (Degen et al., 1987). GSWD tend to acquire a ­polyspike component (GPSWD) and become shorter in duration, incomplete or fragmented (figure 1). GSWD usually attenuate or are inhibited during REM sleep. GSWD are typically activated after awakening, irrespective of the time of the day. HV usually provokes GSWD for the period of the exercise and shortly after, although the effect varies across GGE/IGE syndromes and may not be evident in all patients. Speciﬁc triggers may include photic stimulation (and eye closure), reading and other ­linguistic ­activities, thinking, and elimination of central ­vision and ﬁxation (see sections on reﬂex seizures and epilepsies.

Generalized spike-wave discharges and typical absences 

GSWD/GPSWD may occur in association with demonstrable behavioural changes, such as impairment of consciousness (IoC), motor and autonomic manifestations on video and polygraphy, or be subclinical. The length of the GSWD is not relevant to the degree of IoC (Shimazono et al., 1953), although the latter is easier to appreciate by simple clinical observation in lengthier absences. Elegant early experiments have shown that impairment of responsiveness (as a major measurable constituent of consciousness) to paroxysm-controlled auditory stimuli occurs and maximizes within the initial 0.5 sec of the GSWD in at least 80% of the discharges, while starts to gradually recover after 1.5 sec from discharge onset (Porter and Penry, 1973; Browne et al., 1974; Blumenfeld, 2012); on careful clinical assessment, mild IoC or mild but clear motor hesitancy can be identiﬁed in GSWD of just 2 sec (Koutroumanidis et al., 2008; Sadleir et al., 2009). Ictal IoC is milder when the associated GSWD is incomplete (Browne et al., 1974), or asymmetric. There is empirical evidence that IoC may also depend on the frequency and ­regularity of the GSWD; it is typically severe in ­association with the regular 3-Hz GSWD in CAE and JAE and appears milder in association with the faster GSWD as in JME, or the slower frequency in atypical absences. Motor manifestations include head and eye retropulsion, regional (eyelid, facial, and upper limb) myoclonus, facial (typically perioral/oroalimentary) and limb automatisms, and less frequently automatic speech.
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There is no universally agreed deﬁnition of the TA seizure, as IoC, its sine qua non element, can vary widely not only in terms of severity, but also in terms of the constituents of consciousness that are involved (i.e. attention or memory), the detection of which depends on the method used (simple observation of the patient “blinking and staring”, unresponsiveness to verbal stimuli given during the discharge or no recall after the end of the discharge, discontinuation or faltering in breath counting during HV or other simple repetitive motor tasks, continuous performance tests, etc.) (box 1).

Background activity

Normal background is expected by default. In the presence of GSWD, as deﬁned above, diffusely slow background activity may still be compatible with GGE/IGE when a reversible cause for such slowing can be demonstrated or assumed, including toxicity with antiepileptic or other drugs (such as neuroleptics, lithium, MAO inhibitors, and tricyclics) and coexisting conditions (such as metabolic derangements or hypothyroidism, postictal suppression, etc.). In such cases, background normalizes after the removal of the offensive factor.





[image: ] Box 1. Assessment of consciousness during GSWD

Clinical basic: Explain the procedure before starting the recording. Give simple commands and auditory stimuli (numbers or words) clearly and loudly as soon as possible after the onset of the discharge and repeat during the absence, depending on its length. Check for possible direct responses during the discharge and, immediately after its offset, ask patients to repeat what they were told. The method is sensitive only for absences associated with severe IoC/responsiveness. Recommended first-line assessment of spontaneous and HV-induced discharges longer than 3-4 seconds (shorter discharges may already be fading by the time of the first stimulation).

Clinical advanced: Ask the patient to perform a simple motor task-counting breaths during HV or tapping-repetitively and at a comfortable rate (Giannakodimos et al., 1995). The method aims to demonstrate defective concentration or motor execution (hesitations, delays, repetition of the same number) in very brief (~1.5-2-sec) GSWD (figure 3) or longer but mild absences, in which clinical basic assessment has been unremarkable (figure 19 and figures 36 and 37 of next chapter). This can be performed in all subjects older than five years of age, irrespective of their level of education. Although video monitoring is desirable, trained EEG technologists can closely observe patients and accurately annotate their performance on basic digital or paper recordings.

Clinical research: Continuous Performance Tests (CPT) use visual or auditory stimuli to assess attention, reception of information, and motor output. CPT is applicable only in fully co-operative patients.


					

				

Non-localizing focal or multifocal spikes

These may occur variably over anterior, posterior, or lateral temporal regions (Seneviratne et al., 2014). The term “non-localizing” distinguishes them from the ED of stable (“localizing”) epileptic foci that relate to structural causes. Typically, topography is frontal (figure 1) or occipital, but unstable, switching sides in the same or successive recordings, or multifocal. A stable topography, even in successive recordings, may still be compatible with GGE/IGE (Lombroso, 1997) when not associated with regional background disturbance (figure 2) (see also section on SBS).


	
Clinical Practice Statement: in the appropriate clinical context, these EEG features can indicate the diagnosis of GGE/IGE with the highest degree of certainty. The EEG report may further suggest a particular age-related sub-syndrome according to particular EEG/video-EEG ﬁndings (see speciﬁc GGE/IGE syndromes).




[image: ] EEG Features that, in the Presence of >2.5-Hz GSWD/GPSWD, May Indicate Coexistence of GGE/IGE and Focal Epilepsy of Structural or Other Aetiology, or Secondary Bilateral Synchrony (SBS)

A consistent (stable) focus of spike or sharp wave activity, associated with regional background disturbance (i.e. irregular slowing with or without some attenuation of fast rhythms). Such consistent focal abnormalities should not be attributable to other causes, such as concurrent cerebrovascular (vertebrobasilar) insufﬁciency (Niedermeyer, 1963), or other lately acquired brain insults. Focal epileptic abnormalities of such morphology and consistency raise the possibilities of a) SBS, or b) concurrent structural epilepsy with focal seizures (figure 3).

[image: ]

GSWD against an otherwise unexplained diffusely slow background raise the suspicion of epileptic encephalopathy, particularly when associated with subnormal cognitive function and their frequency is at, or close to, the lower end of the GGE/IGE spectrum (≤2.5 Hz).

GGE/IGE vs. Secondary Bilateral Synchrony (SBS)

Although frequently referred to, SBS has rarely received critical analysis, and deﬁning neurophysi- ological evidence is conspicuously absent. For the purpose of the present revision the clinical-EEG phenomenon of SBS is operationally deﬁned as a bilateral synchronous (generalized) spike-wave discharge (SBS-GSWD) that appears to be triggered by a stable epileptogenic focal abnormality (as deﬁned above); such causal association can be reasonably assumed when the stable focal abnormality has consistently the same topography with the lateralized/regional lead-in of the GSWD (spatial constraint), or when focal sharp activity leads in a SBS-GSWD (temporal constraint). With regard to the spatial constraint, it is the persistence of the topographic concordance between the focal discharge and the lead-in of the GSWD that distinguishes SBS from the typically variable association between focal discharges and “onsets” of GSWD in GGE/IGEs. With regard to the temporal constraint, Blume and Pillay (1985) required sequential ED leading to SBS-GSWD to occur for at least 2 ­seconds, and the morphology of the focal triggering ED to clearly differ from that of the bisynchronous paroxysm, and to resemble that of other focal spikes from the same region (figures 4-6). In their study, SBS-GSWDs were slower than 3 Hz in three quarters of the patients, most of whom had frontal lobe foci.

Such obvious EEG evidence may be lacking in some cases of presumed SBS; cortical foci may lie within deep sulci impeding recording of the triggering focal ED, or secondary generalization may be rapid. Corroborative clinical features for SBS may include frequent or predominating nocturnal seizures, focal seizures, and sub-normal cognitive state, while brain imaging may provide important diagnostic clues (figure 7). Occasionally, tumours may underlie regular 3-Hz SW (Ajmone-Marsan and Lewis, 1960; Raymond et al., 1995). In such cases, the overall association between GSWD (and sometimes TA) with focal brain pathology is uncertain; a lack of clear EEG evidence of SBS may be either coincidental, reﬂecting mere coexistence of symptomatic focal epilepsies with IGE, or be due to the strategic position of the lesion in the midline (Tükel and Jasper, 1952; Bancaud et al., 1974), perhaps in some association with a genetic predisposition. Caution is needed to avoid confusion between SBS and the diffuse discharge from a single parasagittal generator whose ﬁeld extends across the midline. Distinction of SBS requires the demonstration of two independent but synchronously ﬁring foci that occupy homologous brain areas, shown in coronal montages that employ midline electrodes (Daly, 1997).
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Clinical Practice Statement: in the presence of the above temporal and spatial EEG constraints and within the appropriate clinical context, the EEG report should explain the evidence and indicate the high probability of SBS, particularly when there are suggestive imaging ﬁndings. Depending on the available resources, electroencephalographers may also recommend further EEG diagnostics, including ambulatory EEG and video telemetry (to record focal seizures), or referral to a tertiary epilepsy centre and for brain imaging.



OEBPS/images/series.jpg
7 &7, meroleocEEG

in the diagnosis and classification
of the epllepsy syndrome:

atool for clinical practice by the
ILAE Neurophysiology Task Force

i bk witen by intamafcnal expats i cirical spiepticqy and EEG, conere.
Perssly covers 1 ciicalond EEG fechues of o posdatic ond ocut epiepsy
syckomes. poposes rcording potocols sed on fhe bahcviut o he dogoastic
EEG foaturs n coch syndore, ond rofes diognosic confdance ascordng fo e
focings 1 hard and e vl incal rormton,

The cembinaton of the necessar clicolard EEG fomation ke s book @
reference gude n daly circd practce o of sechosncepndographers wih
st poscatic on e EEG, o aven o llepoiog's o general o chid

provs hor incot e

onie
organie nd odote hr toning b incol apleplaagy ond ek
efin e propose fecordng pitocol The e conlabs i

e e 0 Mo 1 1600 101G Taenauesand

o0

The ol fs mokes i book it bt ety sy cantes cnc it
hospol incucing mojos splepsy cones i esouce-imfed conies.






OEBPS/images/pageiiifigure1.gif
(s

i Tima -"
WA\W@
"'? T '.._m






OEBPS/images/John_Libby.gif
John Libbey

EUROTEXT





OEBPS/images/2-04.jpg
Figure 4./ Focal regular 3-H spike-awave discharge over the right frontal area in 2 hild with a istory of "blari spells”
and left focal motor seizures. Note the similarties with the discharge in figure 1, but also the regional background
disturbance which consiss of iegular slow thythms and sharp waves (arrow) maximal over the right central area.
Brain MRI showed a large subependymal heterotopia on the right associated with cortical thickening.
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Figure 6 / 5BS in  child with atypical absences and generalized convulsions: continuous sharp theta-fast delta activity over
‘the right frontal area (arrows), leading to  high-voltage, apparently generalized 2.5-Hz spike-and-wave discharge (temporal
constraint). As in figure 4, the morphology of the “triggering” focal ED is different to that of the SBS-GSWD.
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Figure 7./ A 22-year-old woman referred for “absences” that las for 1-2 mins, followed by some confusion

and generalized comvulsions. (A) Left temporal spikes during wakefulness; (8) left tempora sharp and slow waves during
Stage 2 leep, giving way to apparently generalized polyspike-wave discharges that cause epileptic arousal.The MRl scan
showed left temporal cortical dysplasia involving the mesial neocortex and the temporal pole.
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Figure 1/ EEG diagnostic pathway; from the intial referral to the final report. The white baxes in the upper row show
the main tasks and requirements in each stage of the orderly EEG process from the initial request to the final report to
maximize s diagnostic contribution. For example, individualization of the recording relies on the completeness of the
diagnostic hypothesis of the referring physician and the provided clinical information on the request form, but also on
additional information obtained by the EEG technologist. The grey boxes n the lower row show the main objectives of
each stage of the EEG process, culminating in the important role of the EEG in clinical diagnosis and taxonomy.
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Table 1/Main EEG pattemns in the 2017 etiological taxonomy of the epilepsy syndromes and epilepsies.
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Figure 1/ Focal non-localizing 3-Hz spike-wave discharge during light sleep (stage 2) in a child with CAE.
Note the incomplete expression of the 3-Hz GSWD and the normal background.
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Figure 3 / The patient hesitates after reciting the number 5", but is able to continue counting with the corect numerical
sequence. Note that the responsible GSWD is briefer than two seconds.
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