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Prologue

This book focuses on the diagnostic contribution of the EEG in people with epilepsy and those referred with the suspicion of it. Therefore, it covers the indications and the optimal use of the EEG from the initial diagnostic level of “does my patient have epilepsy and, if yes, what is its type?” to the highest diagnostic refinement at the level of the particular epilepsy syndrome, common or rare. The overall effort was driven by the belief that good clinical epileptology requires satisfactory knowledge of the EEG. This dual approach must always be balanced and flexible with good understanding of what the EEG can (or cannot) do for the diagnosis of the given patient. An educated feeling about it may be variably acquired with time and practice, but clinical opinion must always be based on solid EEG evidence.


The material is organised in two parts. The first part discusses the clinical approach of the patient presenting with the main behavioural patterns of epileptic seizure, the respective diagnostic challenges and the use of the EEG to support and refine, or reject, the initial hypothesis. The next three chapters explore the “when” and “how” to use the EEG, once the commonest imitators of epilepsy enter the differential diagnosis. In this common and sometimes notoriously difficult to unravel scenario, good indications for the (often overused) EEG are found in the history of the individual patient; hence, the relevant clinical information is also included. Finally, a section discussing the EEG paroxysms of uncertain significance was also deemed necessary, not least as a further assistance to EEG interpretation when these paroxysms are the main (or the sole) EEG abnormality and the clinical picture offers little diagnostic certainty. The second part was published on its own in 2018 and covers the epilepsy syndromes that are recognised by the ILAE from the neonatal period to adulthood. The rationale and structure of this section are described in page 81. I re-edited this section, corrected some oversights of the previous edition and added operational links to the first part where needed, preserving the content and coherence of the original syndrome-chapters.


Bibliography is limited to a few important recent and best accessible references, but also includes seminal papers irrespective of their publication date. Abbreviations have been sparingly used to ensure smooth uninterrupted reading. The catalogue on page XI contains the commonest; chapter- specific terms are fully given when they first appear in the respective section and in abbreviated form thereafter.


The training of the neurology and the clinical neurophysiology residents in EEG and epileptology was a major motivation. For the former, it varies widely from country to country, from adequate to negligible; for the latter, it can be skewed towards electromyography. This incentive may partly explain the narrative and the abundance of clinical information, for instance when differential diagnosis is discussed. The chapters on the diagnosis of epileptic seizures and their differentiation from their imitators may also come in useful for those who are usually the first to see patients with a “first seizure” or possible new epilepsy: the general practitioner, the physicians at the emergency department and their residents and (to some extent) the general neurologist. The second part is of particular interest for the paediatric and adult epilepsy specialists, but not only. It is also expected to benefit the EEG technologists who wish to improve their knowledge in epileptology and their recording strategy and expertise. After all, the clinical usefulness of the EEG report depends heavily on the competence and strength of the actual recording.


In so many ways I feel deeply indebted to Professor Chrysostomos (Tomis) Panayiotopoulos, my teacher, mentor and close friend for more than 25 years; above all, I owe him my love for epileptology and the EEG. I am grateful to Mr. Seán Higgins, leading expert in polysomnography and sleep, for our endless discussions on sleep and epilepsy and his astute comments and suggestions for the chapter on sleep disorders. The EEG physiologists, whom I had the pleasure and honour to work with over the years, are too many to thank here by name. I express my gratitude to all, not only for their outstanding recordings and their tireless devotion to our patients, but also for their contribution to important technical issues and the beautiful, ever stimulating atmosphere of our EEG department. I also wish to thank the Guys & St Thomas’ Charitable Foundation for its continuing support of our epilepsy research. As in the first edition of the second part of this book, acknowledgements are due to Prof Samuel Wiebe, Liaison to the ILAE Executive Committee, Prof Edouard Hirsch, Liaison to the ILAE Classification Committee and to Dr Oliver Gubbay, Editorial Office, Epileptic Disorders. I am indebted to Ms Alix Thimiakis for her assistance with the technical preparation of this edition.


It is very much hoped that this book becomes a useful (and enjoyable) educational and clinical tool for all professionals who care for people with epilepsy and are interested in EEG, within and outside tertiary epilepsy centres.


Michalis Koutroumanidis


London, Summer 2021







Abbreviations






	
• AS: absence status


	
• ASE: absence status epilepsy


	
• CAE: childhood absence epilepsy


	
• CTS: centrotemporal spikes


	
• ED: epileptic discharges


	
• ELMA: eyelid myoclonia with absences


	
• EMAS: epilepsy with myoclonic atonic seizures


	
• E-PA: epilepsy with phantom absences


	
• ESES: electrical status epilepticus during sleep


	
• F-bilTC: focal to bilateral tonic-clonic seizure


	
• FS: febrile seizures


	
• GCTCS: generalised clonic-tonic-clonic seizure


	
• GTCS: generalised clonic-tonic-clonic seizure


	
• GTCS-a: (epilepsy with) generalised clonic-tonic- clonic seizures alone


	
• GGE: genetic generalised epilepsy (also as IGE)


	
• GPSWD: generalised polyspike-wave discharge


	
• GSWD: generalised spike-wave discharge


	
• HV: hyperventilation


	
• IoA: impairment of awareness


	
• IPS: intermittent photic stimulation


	
• JAE: juvenile absence epilepsy


	
• JME: juvenile myoclonic epilepsy


	
• LGS: Lennox Gastaut syndrome


	
• MS: myoclonic seizures


	
• PNES: psychogenic non-epileptic seizure


	
• PPR: photoparoxysmal response


	
• REM: rapid eye movements


	
• S-B: suppression-burst


	
• SBS: secondary bilateral synchrony


	
• SD: sleep deprivation (SDEEG: EEG after SD [mostly partial])


	
• TA: typical absences


	
• TLE: temporal lobe epilepsy (mTLE: mesial; nTLE/lTLE: neocortical or lateral)


	
• AED: Antiepileptic drug (also ASD: antiseizure drug)


	
• BZD: benzodiazepines


	
• CBZ: carbamazepine


	
• CLZ: clonazepam


	
• ESX: ethosuximide


	
• GBP: gabapentin


	
• LEV: levetiracetam


	
• LTG: lamotrigine


	
• PB: phenobarbitone


	
• PG: pregabalin


	
• PHT: phenytoin


	
• TPM: topiramate


	
• VPA: valproic acid
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The role of EEG in the diagnosis and differential diagnosis of the epilepsies
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As in any other neurological disorder, the objective of diagnosis in epilepsy is twofold: to identify its type or even syndrome by analysing its clinical (and EEG) presentation and to establish its cause by laboratory tests. The two paths run in parallel with interplay between them, facilitating one another. Given the multitude of epilepsy syndromes and their phenotypes, and our ever-growing understanding of the many causes, diagnostic certainty and depth at either domain are expected to vary across different socioeconomic settings. Nevertheless, what matters for the optimal management and treatment of people with epilepsy (PwE), wherever they reside, is to get the diagnosis right. The new ILAE classification of the epilepsies (Scheffer et al 2017) provides an orderly diagnostic process through three sequential steps (levels) of increasing complexity, adaptable to the available resources.


The first step is the diagnosis of seizure type, according to its onset (focal, generalized or unknown). This clinical task is not without pitfalls. For instance, focal or lateralized clinical semiology at seizure onset characterises focal to bilateral tonic clonic seizures (F-bilTC) (previously known as secondary generalized tonic-clonic seizures [GTCS]) and distinguishes them from those of generalized onset (still called GTCS). Nevertheless, very rapid generalization after a focal onset can sometimes lead to roughly symmetrical generalized shaking from the very beginning of the seizure. On the other hand, true GTCS may sometimes start with a brief “focal” or “lateralized” behavioural change, mimicking F-bilTC seizure. The second step is the diagnosis of the epilepsy type (focal, generalized, combined focal and generalized and unknown), according to the seizure or combination of seizures it manifests with. The third step is the diagnosis of the particular epilepsy syndrome. Identification of the underlying cause (aetiological diagnosis) should run in parallel with the stepwise clinical diagnosis (Scheffer et al 2017).


Seizure and epilepsy / syndrome classification provides the solid framework for the best understanding of the individual patient, which is the prerequisite for their best possible management and treatment. For the physicians themselves, it is a constant reminder of the complexities of the epilepsies, a daily opportunity to exercise and improve their diagnostic skills and the basis for the much-needed personalised education of their patients.


The foundation of the diagnostic process in the patient referred for possible epileptic seizures is a comprehensive medical history complete with a thorough physical and neurological examination. History taking should strive to obtain accurate information about seizure symptoms and semiology from the patient and possible observers, as well as other information on seizure timing and circadian distribution, circumstances, facilitators and possible triggers, antecedents for seizures, comorbidities and relevant family history. The available information (on the basis of which imitators of epilepsy can also be ruled out) leads to the formation of a provisional diagnostic (or differential diagnostic) hypothesis, for the testing of which the appropriate laboratory tests are requested (such as brain MRI, EEG, blood and urine tests etc). Unless the clinical and EEG picture indicates an idiopathic focal or generalized epilepsy (such as the self-limited focal epilepsies of childhood or the IGEs), recognition of aetiology typically requires brain imaging and other laboratory investigations. Next, synthesis of the clinical and laboratory evidence will lead to strengthening (or revision) of the provisional hypothesis into a definite or highly probable diagnosis, on which treatment and management is based.  The so-formed “definite” diagnosis may not always be set in stone, but may remain subject to revisions in case further information comes to light or a new seizure type or a second cause is added during the natural course of the epilepsy (for instance, a focal structural change in a patient with GGE/IGE). Indeed, the ability to maintain clinical awareness and revise a diagnosis when needed is one of the virtues of the competent physician.




•Clinical practice statement: The EEG can support the clinical diagnosis of epilepsy (or its initial rational hypothesis), but cannot refute it when it is normal. At the same diagnostic level, it can also assist the classification of the epileptic seizures and epilepsy.





The rationale for this statement is fully discussed in the “Overview of the clinical EEG practice” chapter, while further uses of and indications for EEG are syndrome-dependent and are discussed in each syndrome chapter.



▸Making The Provisional Diagnostic Hypothesis On Clinical Grounds

With the exception of very few seizure types that are almost specific for distinctive syndromes, as epileptic spasms are for West syndrome, the clinical differentiation between focal and generalized seizures remains the cornerstone of seizure and epilepsy classification.


Generalised epilepsies manifest with generalised seizures, and amongst these, idiopathic / genetic epilepsies (IGE/GGE) are the most prominent group that comprises almost a third of all epilepsies. The term idiopathic comes from the Greek words “idios” and “pathos” that respectively mean “oneself” and “suffering”, and conveys the concept of “only epilepsy”, i.e. without any causal brain lesion or other than genetic aetiology, hence the complementary term “genetic generalised epilepsies”. Of note, “idiopathic” is not synonymous with “benign”. Indeed, IGEs can be long-term pharmaco- resistant in about 20% of patients (Vorderwülbecke et al 2017). GTCS, typical absences (TA) and myoclonic seizures (MS) are the three main seizure types in IGE/GGE that occur either alone or in any combination. Absence status can also be considered as distinctive seizure type, while generalised tonic seizures occur only exceptionally. Age at onset and seizure combination are the main clinical classification criteria for syndrome diagnosis.


Generalized epileptic seizures are conceptualized as “originating at some point within, and rapidly engaging, bilaterally distributed networks” (ILAE 2010). Although this concept presupposes that in these seizures the first ictal clinical changes reflect involvement of both hemispheres and the initial EEG changes are bilateral and apparently synchronous, as we shall see below this is not always the case. Thus, the ILAE definition duly goes on to clarify that “although individual seizure onsets can appear localized, the location and lateralization are not consistent from one seizure to another. Generalized seizures can be asymmetric” (Scheffer et al. 2017).


Focal epilepsies are characterized by focal and F-bilTC seizures. Focal-onset seizures are defined as “originating within networks limited to one hemisphere” and clinical clues are provided by detailed analysis of seizure semiology, as obtained by history. Focal seizures are divided into those in which the affected person remains aware throughout the seizure (focal aware seizure), and those where there is impaired awareness at any point of the seizure, and not necessarily from its onset (impaired awareness seizure). These terms have replaced the older terms simple and complex partial seizure respectively, and as before, clinical history should still focus on clarifying this. Focal aware or impaired awareness seizures may be further characterized by the first prominent motor or non-motor sign or symptom of the seizure. Conceivably, this indicates the area that is in the closest proximity to, or coincides with the one that generates the seizure, but it’s not necessarily the most significant behavioural ictal feature (Fisher et al 2017).




▸Clinical Differentiation Between Generalised And Focal Seizures In Patients With New And Newly Diagnosed Epilepsies

Each of the main types of generalized seizure is hereby clinically described, along with practical clues for its diagnosis and its differentiation from the type of focal seizure that may appear or sound similar on history taking. In this discussion, EEG or imaging evidence is not assumed to be available yet, and therefore, diagnosis is still provisional (working).


Of course, any clinical evidence of focal neurological dysfunction, based on remote history (encephalitis, stroke etc.) or on clinical examination (focal neurological signs), would suggest focal onset (see also note at the end of this chapter). The clinical clues described here also apply to chronic epilepsies, on the clinical classification of which readers can find more information elsewhere (Kumar et al 2017).


Generalized Tonic Clonic Seizures (GTCS)

Formerly known as “grand mal”, the GTCS is the quintessential type of generalized seizure, better known and most feared by both lay people and health professionals. Phenomenologically, GTCS make their appearance after the first year of life when the adequately completed myelination in the brain allows the diffuse spread of the seizure discharge (Korff and Nordli, 2005). Most GTCS last between 40-70 seconds, and are generally shorter than what witness accounts frequently describe. Gastaut and Broughton (1972) described four phases: myoclonic, tonic, intermediate vibratory and clonic. Onset is sudden; eyes open (and remain open thereafter throughout the seizure) and consciousness is instantly and completely abolished until the postictal recovery period when it is gradually restored. In patients with JME, the onset of the tonic phase is often immediately preceded by volleys of bilateral myoclonic jerks in a “myoclonic-tonic-clonic sequence”, while in some patients with absences the tonic phase may immediately follow a typical absence or absence status (“absence-tonic-clonic sequence”). The tonic phase is characterised by a sustained contraction of all body muscles, first in flexion (figure 1) and then in extension (figure 2). Tonic contraction of the respiratory muscles results in cyanosis and also in the so-called “epileptic cry”, a high pitched loud scream produced by air being forced through the closed vocal cords.
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The tonic phase lasts about 10 to 20 seconds and is then transformed into the clonic phase through an intermediate vibratory stage, during which fast clonic contractions occur at reducing frequency, superimposed on the tonic activity. The clonic phase is characterised by successive massive bilateral clonic spasms that progressively decrease in frequency and amplitude until they stop. If the tongue is bitten, this usually happens in the clonic phase, while incontinence of urine, and rarer also of faeces, occur at the end of this phase.


From onset and throughout the seizure, intense autonomic activation results in dilation of the pupils, increased heart rate and blood pressure, profound hypersalivation and sweating. After the final clonic jerk the patient lies comatose and flaccid. Respiration returns initially with stertorous breathing and gradually muscle tone and autonomic function normalise. Awareness returns also gradually through a period of diminishing postictal confusion, which is longer when the GTCS is the first or one of the first of a patient with new epilepsy, or after serial GTCS or convulsive status epilepticus. Alternatively, the patient may slip into a deep postictal sleep, sometimes lasting for hours.


As mentioned above, asymmetric, mostly short-lived, initial seizure semiology may occur in some patients with GGE/IGE, falsely suggesting focal onset (Figure 3). The reverse may also happen: rapidly progressing focal to bilTC seizures may lead to a false diagnosis of generalized epilepsy (Figure 4). In such cases, correct clinical differentiation is simply not possible, but diagnosis can be decisively assisted by interictal EEG findings (i.e. epileptic focus vs. generalized spike-wave discharge).


Challenges in the clinical differentiation between GTCS and F-bilTC seizures

GTCS in IGE are typically deprived of any warning that, also known as aura, is a focal seizure with retained awareness. However, the absence of an aura does not necessarily indicate generalised onset. In some F-bilTC seizures, the focal seizure may very rapidly become generalised without initial symptoms (as for instance in frontal lobe epilepsy – see also Figure 4), mimicking GTCS1. In other F-bilTC, impairment of awareness and psychomotor arrest may occur early after the focal onset, or from the very start, precluding recall of any initial symptom (particularly when the focal seizure arises from the dominant hemisphere2). In such  a case, the resulting seizure phenomenology may resemble the “absence-tonic-clonic” sequence, on history taking: patients have no recollection, while observers describe a “vacant spell” before a major convulsion. Despite being probably much rarer, the “absence-tonic-clonic” sequence remains a possibility that should not be ignored in the differential diagnosis.
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On the other hand, a simple short-lived “focal” onset, such as a brief head turning, may not be enough to clinically distinguish GTCS from F-bilTC seizures. Brief “focal” symptoms or signs at seizure onset may occur in a sizable proportion of patients with IGE (see figure 3; Usui et al 2005; Gungor-Tuncer et al 2012). An added difficulty is that family members and eyewitnesses are often too distressed by the sight of a generalised convulsion to notice, let alone accurately or reliably describe, the ictal signs and their order.


Despite these difficulties, a detailed history may yield some clinical clues useful to formulate a rational working diagnostic hypothesis (table 1). In terms of the “leading-in” seizure, an account of bilateral myoclonic jerks just before the onset of the tonic-clonic seizure, given either by the patient (who may recall the initial jerking) or bystanders, would suggest GTCS (myoclonic-tonic-clonic sequence).



Note 1: As mentioned above, past history of CNS insult and / or focal neurological signs on clinical examination would push diagnosis towards F-bilTC seizure, particularly in the presence of focal imaging or EEG abnormalities (see also note 2 below). On the other hand, tonic-clonic seizures as the only seizure type, with normal imaging and EEG and without antecedents of focal epilepsy are not indicative of a diagnosis of IGE with GTCS alone, but should be considered as of unknown onset (Scheffer et al. 2017). A diagnosis of IGE with GTCS alone requires positive EEG evidence of IGE, i.e. the interictal genetic marker of the generalised spike-and-wave discharge.




Typical Absences (TA)

TA are clinically characterized by sudden impairment of awareness (IoA), which is their core clinical characteristic and associates with motor arrest. They occur without warning and cease also suddenly with no postictal symptoms. Electrographically, they are characterized by generalized 3-4 Hz spike and slow wave discharges (GSWD), which terminate without subsequent electrical flattening (see chapters on IGE/GGE for more information). Most TA last up to 20 seconds, and only exceptionally up to a minute. The patient appears to stare blankly, eyes may drift upward, and eyelids may flicker, time-locked to the 3 Hz GSWD on the EEG, or randomly.
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The term “typical” distinguishes these absences from the “atypical” absences that occur in patients with non-idiopathic generalised epilepsies and often learning difficulties; atypical absences are associated with subtle and difficult to appreciate IoA and slower (<2.5 Hz) GSW discharges. The term “classical” has been used to characterise the regular archetypical typical absences of childhood absence epilepsy (CAE), but provides no additional information. IoA may occur either with motor arrest alone (simple absences), or in association with other ictal manifestations, such as motor automatisms, autonomic signs, and bilateral regional (around the mouth or the eyelids and forehead) or more widespread (involving the head or limbs) usually rhythmic myoclonias (complex absences). Most people with TA have both simple and complex absences. Although most clinicians tend to prioritize a diagnosis of temporal lobe epilepsy in the face of accompanying automatisms, most patients with TA have ictal limb, perioral and speech automatisms (Kessler et al 2017). Spontaneous ictal automatisms are easier to appreciate in longer absences, but also happen in brief TA.


The degree of IoA varies considerably not only amongst patients, but even between absences of the same patient. Typically, it is severe in patients with CAE and JAE, and milder in those with JME. All types of absence are described in the IGE section of this book.


Challenges in the clinical differentiation between typical absences and focal seizures.

As a rule, TA are easy to clinically diagnose in children with typical CAE, as they are easily provoked by simple hyperventilation during clinical examination. Absences of later onset, as in JAE or in early adulthood, may be difficult to differentiate from mild focal limbic (temporal lobe) seizures with IoA from onset (table 2).



Note 2:



Clinical inspection may also provide clues about conditions that are associated with focal and F-bilTC seizures. These include neurocutaneous syndromes (i.e. tuberous sclerosis, suspected from sebaceous adenomas and focal skin pigmentation and hyperplasia, and neurofibromatosis, suspected from café au lait spots and subcutaneous neurofibromas) and Sturge-Weber syndrome, in which cerebral naevus may exist often on the same side of a facial port wine stain.
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Physical and neurological examination is unremarkable in the majority of patients with epilepsy, at least at the level of the outpatient clinic where patients are examined while in their interictal state. Nevertheless, clinical examination should be comprehensive, focusing on possible focal neurological signs such as dysphasia or hemiparesis.




Myoclonic Seizures (MS)

MS in IGE are sudden, brief, bilateral symmetrical or asymmetrical clonic movements of distal, regional or axial muscles with varying intensity that ranges from mild to strong enough to cause a fall. They occur singularly or in rhythmic, but more frequently arrhythmic volleys, spontaneously, in association with movements or intention of movements (praxis-induced), or in response to simple (photic) or sometimes complex (reading) stimuli. Characteristically, MS occur in clear consciousness and are mostly remembered and described with considerable accuracy by the patients; however, a “brain fog” may be described, especially during repetitive clusters of myoclonic seizures, such as in myoclonic-absence status.


MS frequently occur in some association with TA or GTCS (as in most patients with JME and in some with JAE) or may be the only seizure type, such as in benign myoclonic epilepsy in infancy and in some patients with JME. Bilateral regional (eyelid) myoclonia occurs in the syndrome of Jeavons (see detailed descriptions in the relevant chapters).


Atypical features like asymmetrical or even lateralised distributions, accompanying sensations evocative of auras and even true auras, all suggestive of focal seizure, may be described by some patients with IGE, posing a diagnostic challenge even for the most experienced epileptologists (Gungor-Tuncer et al 2012). From the EEG viewpoint, MS are characterised by brief symmetrical or asymmetrical generalised polyspike-and-wave discharges (GPSWD) with anterior maximum and varying intradischarge frequency. EMG polygraphy is important to show the correlation between the GPSWD and the muscle contraction (Figure 6), which sometimes is followed by brief inhibition manifested by very brief loss of tone. This myoclonic-atonic sequence can be shown only when baseline muscle tone is maintained, i.e. when the limb is held against gravity (Figure 7). This myoclonic-atonic sequence should not be confused with epileptic negative myoclonus (ENM) that typically occurs in focal structural epilepsies, idiopathic focal epilepsies (where it is typically AED-induced) and epileptic encephalopathies. In ENM, the causal epileptic discharge is associated only with a brief period of atonia (silent period) without a preceding EMG potential that customarily accompanies a (positive) myoclonic seizure (Figure 8).
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Challenges in the clinical differentiation between generalised myoclonic and focal motor seizures

MS are the defining seizure type of JME, the most frequent syndrome of IGE, and their clinical suspicion is the key to its diagnosis. As stated above, getting positive evidence for MS in a patient presenting with a generalised convulsion strongly argues for the latter being GTCS rather than F-bilTC. The main differential diagnosis is from focal epileptic myoclonus (fragment of focal motor seizure), which can be difficult, as MS in IGE can often be lateralised. Some patients with JME may rarely report fleeting associated sensations, as visual symptoms (Gungor-Tuncer et al 2012).


Clinical clues in favour of idiopathic generalised MS include their bilateral (although often asymmetrical) distribution, the occurrence on awakening, the facilitation by sleep deprivation and the identification of possible triggers (lights, reading or praxis) (table 3). In patients who report lateralized jerks it is important to clarify if their symptoms alternate side.


The typically young patients with JME may not volunteer mild myoclonic jerks, in the belief that it is “normal” to twitch on awakening after a late night out and little sleep. Questions like “are you clumsy in the morning, dropping things or spilling your coffee”, helped by physical demonstration and by drawing a parallel with the (physiological) hypnagogic jerks to ensure that patients understand what they are asked, may lead to diagnosis (Panayiotopoulos 2007). Confirmation of the diagnosis of MS and differentiation from focal epileptic myoclonus and other non-epileptic types of myoclonus (spinal, hypnic, psychogenic, tics etc.) requires video EEG with EMG polygraphy. As a rule, myoclonic jerks that occur at the hypnopompic state or during sleep are hypnic, although some patients with JME may have MS when asleep (Figure 8a).
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1 Reliable signs of focal onset (and the lateralization of the epileptic focus), but only when they occur at the transition of the focal into the bilateral tonic clonic phase of the seizure, include the forced and sustained lateral and upwards head and eye tonic deviation (away from the focus), with or without a superimposed clonic element (Wyllie et al 1986), and the “sign of number 4” (Kotagal et al 2000). The latter refers to an asymmetric tonic posture of the upper limbs with extension of one elbow and flexion of the other in front of the chest, and version of the head towards the extended arm. The posture reliably lateralizes the seizure onset to the side contralateral to the extended arm. However, both signs lose their lateralizing value after the generalization of the seizure and may occur even in patients with IGE/GGE (figure 5). Despite their lateralizing reliability in focal epilepsies, these signs do not occur in all focal-bilTC seizures. For instance, Lhatoo and Lüders (2006) reported a symmetrical onset in 25% of their patients with focal to bilTC seizures.


2 More than 50% of the focal seizures are not documented on patients’ self-evaluation, either because they are not perceived when impairment of awareness occurs from onset, or because recall of any initial symptoms becomes impaired in the process. Focal seizures that begin from (or mainly involve) the dominant hemisphere are “forgotten” easier as they may impair verbal memory and therefore verbal recall and reporting. On the other hand, those arising from the non-dominant side may cause transient anosognosia and secondary non-awareness of the transient neurological deficit (see review by Elger and Hoppe, 2018).
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Syncope and psychogenic non-epileptic seizures (PNES) are the most common imitators of epileptic seizures, and therefore associated with most of the diagnostic errors. Paroxysmal disorders of sleep may also mimic nocturnal epileptic seizures. The main characteristics that help the differentiation of these disorders from epileptic seizures and the respective indications for EEG are laid out in the following sections.



▸Syncope

Syncope is defined as a sudden, non-traumatic, transient loss of consciousness and postural tone caused by cerebral hypoperfusion and followed by rapid spontaneous recovery (McKeon et al 2006). In vasovagal syncope (the most frequent and generally benign type, also called neurally-mediated syncope, neurocardiogenic or reflex-mediated syncope), the hypotension relates to a transient sympathetic withdrawal (vasodepression) and the bradycardia to an abnormal vagal tone (cardioinhibition). These two mechanisms can operate together or independently, leading to mixed or predominantly vasodepressor or predominantly cardio-inhibitory syncopal events. The haemodynamic pattern, i.e. cardioinhibitory, vasodepressive, or mixed, is independent of the triggers. Other types include the potentially life-threatening cardiogenic or cardiac syncope (caused by arrhythmias or related to structural heart abnormalities) and the rare orthostatic syncope that can be due to primary autonomic failure (as in multiple system atrophy) or secondary to autonomic neuropathies (such as in diabetes or amyloidosis). Rarer causes include epileptic seizure-induced arrhythmias or asystole (of particular interest here), intermittent obstructive hydrocephalus and basilar migraine.


As in epilepsy, diagnosis of syncope and its type primarily relies on a detailed history from the patient and observers and full clinical examination, and requires good knowledge and correct interpretation of the associated symptoms and clinical manifestations. Laboratory tests may support a clinical diagnosis (such as the tilt table test [TTT]), or indicate a cause (ECG / cardiac echo). Despite extensive investigations however, the cause of the syncope may remain uncertain in around a third of patients (Kapoor et al 1982; Schnipper and Kapoor 2001).


Vasovagal Syncope (VVS)

Patients with VVS account for 3% of visits to the accident and emergency departments (McKeon et al 2006), as well as for a substantial proportion of patients referred for first seizure according to epileptology studies (King et al 1998; Koutroumanidis and Bruno 2018). VVS is far more common than epilepsy (syncope prevalence: 3 - 37%; epilepsy prevalence: 0.5%). Differentiation between them can be very difficult sometimes (mostly with VVS being misdiagnosed as epilepsy), as they may share some ostensibly similar clinical manifestations (i.e. loss of consciousness, fall and frequently abnormal involuntary movements), witness accounts can be inaccurate or misleading, and also because of misconceptions held by doctors (Lembert 1996). Further, both conditions share onset peak in childhood and early teens, enhanced lifelong probability to recur and increased frequency in young and elderly people.


A breakthrough in our understanding of VVS occurred in the late 1950s, when Gastaut and Fischer- Williams (1957) described the clinical and EEG-polygraphy features of VVS by triggering transient asystole through bilateral ocular compression for 10 to 15 seconds (oculovagal reflex). Concurrent EEG showed diffuse slowing, evolving rapidly from theta to delta and progressing into flattening of the trace if asystole was longer than 15 seconds, followed by also rapid normalization in reverse order (delta, then theta), upon return of cardiac rhythm. Patients with possible syncope are now studied by TTT (Saal et al 2016) and ocular compression has been replaced by carotid massage (figure 9).


Symptoms and clinical signs

The alternative for VVS term “reflex-mediated syncope” explicitly indicates the frequent presence of situational triggers that include acute pain, swallowing very cold fizzy drinks or very hot food, repeated violent coughing, micturition or defecation, standing up after a heavy meal, stressful medical procedures (venepuncture, antenatal scans) and other. Long sustained upright position, a warm crowded environment (peripheral vasodilation) and physiological stress (e.g. repeated kneeing during prayer at church) may lead to VVS, which is also facilitated by dehydration (related to vomiting, diarrhoea, fever, or excessive consumption of coffee or alcohol), loss of blood, intake of antihypertensive drugs or nitrates and increased background anxiety. Usually, a VVS results from multiple contributing factors. Patients who have episodes of loss of consciousness as they get up in the early hours of the morning to micturate illustrate a typical example: sudden assumption of the upright position, vagotonic visceral afferents and the lowest blood pressure within its normal circadian variation can contribute to the event. Typical settings and circumstances include long-haul flights (with contributing frequently excessive and freely-provided alcohol, and little water intake), trains and train stations in peak times and restaurants. In keeping with the public conception of “faint” (swoon), sudden emotional stress is certainly a precipitant, but it may also trigger a functional neurological event (a non-organic syncope or a PNES). Not infrequently however, detailed history reveals no clear trigger.


Typically, pre-syncope (prodrome) symptoms start insidiously and gradually intensify over few seconds to several minutes; they may subside when people recognise them as signs of an impending attack and sit or lie down before a critical pathophysiological threshold is reached and the rapidly evolving hypotension / bradycardia can no longer be aborted. Prodrome symptoms include light-headedness, nausea, feeling hot and clammy, palpitations or chest pain, blurry or tunnel vision, darkening of the visual field, dampened surrounding noises and tinnitus. However, sometimes people do not recognise or recall any symptoms, because of inattentiveness (being focused on a certain task) or when pathophysiological changes develop very rapidly (figure 10); some may not report symptoms at all (figure 11).
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Physical signs, reported by witnesses and documented on video-EEG monitoring during TTT typically include pallor, cold and sweaty skin, followed by sudden loss of postural tone, collapse and rapid spontaneous recovery. Careful video analysis of patients who were allowed to free fall onto a mattress showed that, despite the classical textbook description of swoon-type collapse, stiff falls with knees and hips extended may occur in half of the episodes (Lempert et al 1994). Tonic posturing, gaze deviation and myoclonus are seen in up to 90%. Myoclonus can be multifocal and asynchronous, including twitching of the facial muscles, or bilateral and synchronous, or a combination of the two. However, it is always brief (few seconds) and arrhythmic. Such motor manifestations, particularly when their intensity and duration are over-emphasized by witnesses (or over-interpreted by physicians) may lead to the false diagnosis of an epileptic seizure. Eyes may be open in VVS, adding to the difficulty of the differential diagnosis. Brief perioral and hand automatic movements may also occur and some patients may attempt to sit or stand up while still not fully responsive, giving the impression of agitated automatic behaviour. Urinary incontinence occurs in at least ¼ of patients, while tongue biting is rarer. Although VVS is most often benign, patients may infrequently suffer severe head injuries, including subdural or intracerebral haematomas.


Consciousness is completely abolished for a short time, typically <20sec. However, some patients may report complex visual or auditory hallucinations that may linger on as they recover. Recovery is typically rapid without true postictal confusion. Patients may briefly feel disorientated and may describe themselves as “confused”, by which they simply mean that they did not know what happened to them. Some patients may lie still for longer after they have regained awareness, but on questioning they reveal they could hear people talking to them “from distance” and could even recognise familiar voices. Symptoms may recur when patients stand up too soon, are not physically allowed to fall and assume horizontal position (such as in an overcrowded train carriage) or when are erroneously kept upright instead of being placed horizontally on the floor. Such repeated events may result in longer time for re-orientation and are reminiscent of the (entirely unprovoked) waxing and waning of symptoms in PNES. Clear post-ictal confusion may occur in some elderly patients with VVS, or after a head injury sustained with the fall, which can also account for some retrograde amnesia. It is emphasized that any time and effort to accurately assess postictal phase is well spent, as this is one of the main clinical criteria to differentiate syncope from epileptic seizure.


Typically, there is no recall of the actual faint. Few may have a hazy memory of their knees buckling or sensing an imminent fall, but do not remember actually hitting the ground. On occasions there might be a fall with partially retained consciousness (incomplete syncope). These patients may remember falling, usually have no positive motor phenomena and can recover faster. In contrast, good memory of the event implies psychogenic (non-organic) syncope (see below).




Postural Orthostatic Tachycardia, or Orthostatic Intolerance Syndrome (POTS)

POTS is a distinct clinical condition that overlaps with syncope, as many patients experience presyncope symptoms and also syncope events. Symptoms include light-headedness, palpitations, tremulousness, generalized weakness and blurred vision, which characteristically occur upon standing and are commonly exacerbated by dehydration, heat, alcohol, and exercise. Diagnostic criteria also include increase in heart rate of 30 beats/min or more and for at least 30 seconds when moving from a recumbent to a standing position, and absence of orthostatic hypotension (figure 12). Most patients present with POTS between the ages of 15 and 25 years, and more than 75% are female (Sheldon et al 2015).



Cardiac Syncope

In contrast to the generally benign character of vasovagal syncope (but see possible exception in note 1 below), cardiac syncope may result from potentially malignant causes, and on some occasions it may even be the sole warning before sudden death. It is therefore imperative to always suspect a cardiac cause for syncope and early identify (or rule out) potentially life-threatening heart conditions.


The causes of cardiac syncope can be divided into disorders of heart rhythm (brady- and tachy-arrhythmias) and structural abnormalities of the heart. Arrhythmias that can cause syncope include sinus bradycardia or arrest, bradycardia – tachycardia syndrome, AV conduction block, supraventricular or AV node dependent tachycardias and ventricular tachycardias or fibrillation, typically in patients with history of myocardial infarction. Congenital long QT syndrome and Brugada syndrome are genetic disorders that increase the risk not only of syncope but also of sudden cardiac death, typically in young patients with seemingly normal hearts (see below). Structural obstructive abnormalities associated with syncope include ischaemic or hypertrophic cardiomyopathy, aortic or mitral stenosis and intracardiac tumours, such as atrial myxoma.
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Clinical clues suggestive of cardiac syncope

Cardiac syncope can occur from any position of the body (upright, sitting or lying) and any level of physical activity (resting, low level activity or exertion). However, although exertion syncope typically implies mechanical obstruction (and rightly demands urgent investigations and management), some patients with aortic stenosis may have syncope while resting or during low level activity. On the other hand, syncope during strenuous exercise may rarely occur in the absence of any cardiac arrhythmias or structural abnormalities (see note 1 below).



In contrast to the usually long prodrome of vasovagal syncope, cardiac syncope is usually preceded by brief warning or there may be no warning at all. Syncope due to tachyarrhythmias can occur without a preceding perception of palpitations, therefore their absence cannot rule out cardiac syncope.


As in vasovagal syncope, re-orientation is rapid, but often without the lingering feeling of fatigue, described by several patients with vasovagal syncope as “..prolonged exhaustion; ..completely drained of energy” and the like.


Finally, a cardiac cause for the syncope is suspected by a past history of myocardial infarct or cardiomyopathy, a family history of sudden cardiac death at young age or some malignant features on the ECG (see below), which should be performed (and sometimes re-taken) in all patients.


The congenital long QT Syndrome (CLQT) (figures 13 and 14) is characterized by a prolonged QT interval (that indicates longer than normal period of cardiac repolarization) and of polymorphic ventricular tachy-arrhythmias (torsades de pointes) that predispose to syncope and sudden death, with annual rates of 5% and between 0.3 and 0.9% respectively. These tachyarrhythmias are mainly triggered by adrenergic activation that includes strenuous exercise, fear and stress or sudden noises (such as alarms). Startle-induced CLQT- related syncope should not be confused with startle-induced epileptic seizures, which are also rare, but tend to occur in children with neurological deficits and additional spontaneous seizures. Although the most frequent seizure-response in startle epilepsy is a generalized myoclonus followed by a prolonged tonic seizure, atonic seizures may also occur.
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CLQTS is diagnosed in otherwise healthy young people, screened because of a family history of early sudden cardiac death, fortuitously after an ECG performed for other reasons, or following ECG investigations after syncope. Management includes beta-blockers as well as avoidance of triggers and prompt correction of electrolyte abnormalities, for instance during a bout of diarrhoea / vomiting. Drugs such as citalopram, thioridazine (Mellaril) and some antihistamines and antibiotics may prolong QT in genetically predisposed patients and should also be avoided.


Life-threatening arrhythmias (and syncope) can also occur when the QT interval (the period of cardiac repolarization) is too short. The probability of a first cardiac arrest by the age of 40 years is 40%, but the so far reported cases are not many and this high risk may reflect some underdiagnosis in asymptomatic people. Short QT syndrome is diagnosed when the QTc interval is ≤340 ms (Priori et al 2015).



Brugada syndrome is inherited as a dominant trait and is about eight times more frequent in males. On the ECG it is characterized by elevation of the ST-segment by ≥2 small squares along the vertical (amplitude) axis in one or more of the right precordial leads V1 and/or V2 (figure 15).


As in CLQTS, there is increased risk of sudden cardiac death or syncope from episodes of ventricular tachycardia or fibrillation that can occur at any age, but more frequently between 25 and 55 years, usually during rest or sleep. Fever, excessive alcohol intake and large meals are triggers that unmask the ECG pattern and predispose to these arrhythmias. Some antiarrhythmics, tricyclic antidepressants, lithium, and oxcarbazepine have been associated with ST elevation and should be avoided in people with Brugada syndrome. The implantable cardioverter defibrillator is the only treatment that can reduce the risk of sudden cardiac death.



Note 1: At the first seizure clinic one may encounter patients with an episode of loss of consciousness associated with convulsions while jogging or cycling. As mentioned above, such an apparently exertion-related event may suggest cardiac syncope due to severe structural heart abnormality or exercise-induced tachyarrhythmias. In those without evidence of cardiac disease, the hypothesis of hyperventilation-induced (first) epileptic seizure is also credible, and neurological investigations including EEG and brain imaging are certainly indicated. However, the possibility of VVS cannot be discarded on the assumption that “bradycardia and hypotension are unthinkable during exercise in people with normal hearts”.


[image: image]



For instance, Sneddon and colleagues (1994) reported 5 patients with normal hearts and recurrent exercise-induced (strenuous in three of them) episodes of pure vasodepressor syncope (i.e. hypotension in the absence of bradycardia); they postulated that such inappropriate vasodilation is probably triggered by stimulation of ventricular mechanoreceptors. Typical neurally-mediated syncope (associated with hypotension and bradycardia), but potentially leading to life-threatening asystole has also been reported in six patients during exercise, which was strenuous in three of them (Milstein et al 1989).



Note 2: Focal epileptic seizures, particularly those involving the temporal lobes, commonly manifest with autonomic symptoms, including tachy- and brady-arrhythmias. Ictal tachycardias occur in the vast majority of focal seizures (so they have been used in seizure detection algorithms and seizure-aborting commercial devices, like vagus nerve stimulation), but usually cause palpitations and only rarely symptoms of pre-syncope or actual syncope. However, the rarer seizure-induced brady-arrhythmias or asystole can cause syncope that is frequently misdiagnosed as cardiac (figure 16). A recent literature review identified 103 cases with ictal asystole (self-limiting in all but one), 25 cases with ictal bradycardia, and 11 cases with ictal atrioventricular conduction block; these brady-arrhythmias did not relate to consistent seizure lateralisation (right vs. left temporal lobe) (van der Lende et al 2016).


Cardiac pacing can prevent ictal syncope and should be promptly considered in patients with well-studied chronic or intractable epilepsy. In patients with new or newly diagnosed epilepsy however, priority should also be given to the rapid completion of epilepsy diagnostics, including the brain MRI, and to antiseizure treatment given the 50-60% chance of good seizure control with the first or second antiseizure drug (Chen et al 2018). In such patients, agents that may influence heart rhythm (such as Phenytoin or Carbamazepine) must be avoided.



Note 3: Syncope can provoke epileptic seizures only occasionally and almost exclusively in children. These seizures are known as anoxic-epileptic, term that indicates the causal sequence. There are only a few reports that include a handful of children in whom the transition from syncope to epileptic seizures has been video-EEG (or only video) documented (Battaglia et al 1989; Horrocks et al 2005). In all but one of these children, seizures were generalised (bilateral clonic, generalized tonic-clonic, typical absences or absence status), so a constitutional (genetic) liability to generalized seizures under anoxic conditions has been hypothesized as responsible mechanism (Battaglia et al 1989). There is only a single case report of an adult with video-EEG documented anoxic-focal epileptic seizure, during presurgical evaluation for intractable left TLE (Bergey et al 1997).




Psychogenic Syncope (PS)

Functional neurological disorders (FND) are conditions in which patients experience neurological symptoms or show neurological signs that are not caused by a recognisable neurological disease or a demonstrable focal neurological lesion. Amongst other neurological disorders, FND can imitate syncope and epileptic seizures.


From the preceding discussion, a psychological element has distinctively emerged amongst the factors involved in the process of syncope: VVS can be precipitated by fear, anxiety and emotional distress, and similar factors can trigger ventricular and supraventricular arrhythmias that may lead to cardiac syncope. On the other hand, psychiatric disorders, such as somatization, panic attacks, anxiety and depression, as well as alcohol and drug abuse, are frequently diagnosed in patients with syncope. There seems to be an important difference though: whereas in patients with syncope of known cause the rates of these psychiatric disorders are not significantly different to those in other medical conditions, in patients with syncope of unknown cause they are much higher. Further, the risk of recurrence in these patients is higher than in those in whom a cause for their syncope has been found. Finally, there is evidence that psychiatric conditions can directly cause syncope (Kapoor et al 1995).
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An operational definition of PS is sudden behavioural change that looks as syncope (with apparent loss of consciousness and muscle tone) in the absence of bradycardia and / or hypotension, or of any cardiac arrhythmia that would lead to cerebral hypoperfusion. Differentiation from vasovagal syncope can be difficult (both conditions have their peak onset in early teens), but clinical suspicion can be raised by a combination of features on history taking that include: multiple episodes without clear triggers, repeated episodes when the patient lies down, long duration of the episode, memory of the fall and the period of “unconsciousness”, normal colour of skin without cold sweat, normal or fast and shallow breathing, and long fluctuating course; patients appear to regain consciousness and lose it again, often many times without being held in upright position. Subtle rapid fluttering of the eyelids and resistance to passive eye opening are also major features of PS, and relatives can be instructed to check those in subsequent events. When present, abnormal movements may differ from the symmetrical or asymmetrical tonic posturing and multifocal myoclonus of vasovagal syncope: they may include erratic flailing or thrashing limb movements or pelvic thrusting, merging into the psychogenic syncope-nonepileptic seizure continuum. Some patients may report confusion after their episodes, but true confusion may be ruled out with appropriate questioning.


Objective confirmation of the diagnosis is notoriously difficult. Even when PS episodes are recurrent and frequent, they are typically situational or linked to emotional stressors that are often domestic. Therefore, in-patient video EEG telemetry is not indicated; besides, patients spend most of the recording time in reclined position. Home video telemetry has better chance of recording a habitual episode in patients’ own environment, but duration is limited, while the test has very poor yield, if any, when malingering is suspected. Tilt table test under video EEG monitoring and suitable suggestion seems to have the best diagnostic yield (figure 17).
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Recognising Syncope at the First Seizure Clinic and the Place of the EEG

From the preceding discussion it follows that in most patients with syncope, differentiation from epilepsy is possible on history and clinical evidence alone. As a rule of thumb, syncope of any cause may mimic generalised convulsive or atonic seizures, but not focal seizures with impaired awareness or typical absences, in which patients may become unresponsive and even lose some tone, but are able to remain upright. Atonic seizures mostly occur in children with non-idiopathic generalised epilepsies, and in some adults with long history of focal epilepsies, or bilateral focal seizures. Typically though, these patients have other seizure types too. As already discussed, about half of vasovagal falls occur with a degree of stiffness with knees and hips extended (Lembert et al 1994), reminiscent of tonic seizures. However, tonic seizures occur mostly in epileptic encephalopathies that start early in life and also associate with other seizure types. Patients with myoclonic seizures may fall as a result of a violent generalised myoclonus, but they retain awareness. Finally, asymmetrical sustained dystonic posture during the anoxic phase of the syncope may mimic frontal lobe dystonic seizures, but the latter are clinically stereotyped, often occur (also) during sleep, rarely start with sudden loss of awareness and are not precipitated by the factors that characteristically trigger VVS.


Failure to positively recognise syncope has led to substantial overuse of the EEG. An EEG is not indicated in typical VVS, but it is still requested in a substantial number of patients with, mostly convulsive, syncope. The main reason for this is the superficial resemblance between convulsive syncope and the focal to bilTC seizure (when the former has a prodrome) or the GTCS (when it has not). Lack of any further diagnostic refinement reduces the EEG to a mere fishing expedition. At best, it will - overwhelmingly - be normal offering no useful information at all. At worse, it may catch only red herrings, i.e. either paroxysms of uncertain significance (see chapter 3) or “sharpish”, “sharpened” transients that can also occur in people without epilepsy. The serious clinical risk here is the false diagnosis of epilepsy if such findings are misinterpreted. So, which are the indications, if any?


In the clinical dilemma “seizure or convulsive syncope?”, the basic indications for EEG remain those described in the “clinical practice statement” in Chapter 1, and do not need to change at all: the EEG is here to support a clinical hypothesis of epilepsy and assist its classification, if it shows epileptic discharges. Therefore, an EEG should be considered only when the hypothesis of a probable or possible epileptic seizure can be reasonably formulated after the whole clinical presentation is scrutinized and carefully thought through, as discussed in the preceding sections on epileptic seizures and VVS. Particular emphasis should be placed on possible features that are atypical for (or infrequent in) VVS and potentially suggestive of a focal to bilTC seizure, a GTCS or any other type of epileptic seizure. The more these clinical features, the stronger the case for epilepsy (and the more meaningful the EEG referral). Further, their diagnostic weight is not equal. Referred post-ictal confusion, even when its genuineness and / or severity cannot be ascertained despite best effort in history taking, is a sensibly stand-alone red flag for EEG1, while an injury or loss of urine, of their own accord, are not. In daily clinical practice, the task can be far more complex as the behavioural spectrum between a GTCS and the typical VVS contains a plethora of diverse combinations of the many symptoms and signs, including possible triggers. In the most challenging cases, EEG video telemetry or prolonged ambulatory EEG may not record events, but are more likely to recover interictal epileptic discharges that may push diagnosis towards epileptic seizure. However, absence of interictal discharges over 24-48hours may render the diagnosis of epilepsy less likely, but sometimes cannot rule it out.


To conclude, the use of the EEG should be determined only by a credible diagnostic hypothesis of epilepsy that relies on the synthesis of appropriate clinical evidence. Sound training and clinical practice will help physicians build their confidence and experience, so inappropriate referrals are expected to come down. Nonetheless, an excess of “avoidable” EEG requests will be inevitable, as it occurs with all diagnostic tests2.



Management of Patients with VVS from the Neurology Perspective

Successful management of the patient with vasovagal syncope relies on their education about the (generally benign) nature of the syncope and its basic mechanisms and precipitants, and the necessary measures to abort further episodes and minimize the relatively small risk of severe injury from falls. As most of these patients have been referred for possible epilepsy, it is also vital they understand that epilepsy has been ruled out. This can increase confidence and improve compliance with the non-pharmacological and sometimes demanding prevention and treatment.


Advice should be individualised according to triggers and situations that can be avoided or modified (i.e. micturition in the sitting position) and the duration of early prodrome symptoms, the timely recognition of which will allow patients to abort progression to actual syncope by sitting or lying and / or employing counter-pressure manoeuvres. The latter can stimulate venous return and facilitate arteriolar vasoconstriction, and include (Romano et al 2019):




	
• Leg-crossing with simultaneous tensing of leg, abdominal, and buttock muscles


	
• Maximum grip on a rubber ball or similar objects, and


	
• Gripping one hand with the other while simultaneously abducting both arms





Essential life style modifications and diet changes include increased salt intake (to 6-10 g/day, if possible) and fluid (to about 2 litres/day), avoidance of caffeine, alcohol and nicotine, and reduction of baseline anxiety, which is so often a cofactor for syncope. Mindfulness and moderate exercise such as Yoga, Tai Chi or gentle jogging may be effective.


Pharmacological treatment is needed when the above measures are ineffective and, ideally, is provided at the specialist syncope clinic. It includes selective serotonin reuptake Inhibitors, such as Paroxetine and Fluoxetine, or Benzodiazepines. If possible, reduction of concurrent anti-hypertensive therapy aiming for slightly higher systolic BP, for instance targeting 140mmHg instead of 120mmHg, may reduce the number of episodes to 50% (SPRINT Research Group 2015; Sheldon et al 2015). Specific pharmacological therapy and indications for cardiac pacing are outside the neurology remit.





▸Psychogenic Nonepileptic Seizures (PNES)

PNES are involuntary experiential and behavioural responses to psychological triggers that may clinically resemble epileptic seizures, but are not associated with detectable abnormal (epileptic) electrical activity in the brain. PNES most frequently start in late adolescence or early adulthood, although they may first manifest in childhood (Szabo et al 2012) and in older people. All studies agree that the majority of people with PNES are female. The spectrum of psychiatric disorders that can generate PNES is broad and includes conversion (most commonly), anxiety (panic, post-traumatic stress and acute stress disorders) and dissociation (mainly fugue and depersonalisation). Factitious disorders and malingering also manifest with non-epileptic, though consciously-driven, episodes that mimic seizures.


Epidemiological evidence from developed countries indicates that the incidence of PNES ranges between 1.4 and 4.9/100,000/year and their prevalence between 2 and 33 per 100,000 (Asadi-Pooya and Sperling, 2015). Up to one in five patients first presenting to a seizure clinic is diagnosed with PNES, and about 1/3 of inpatients in epilepsy monitoring units may have PNES, of whom 5% also have epilepsy (Martin et al 2003). Approximately 10% of people with PNES have concurrent epilepsy that, as a rule, precedes the onset of PNES (Benbadis et al, 2001). Also, people with PNES are six times more likely to report having witnessed someone in a seizure before experiencing their own first non-epileptic seizure than people with epilepsy prior to their seizure onset. Therefore, one could consider epilepsy, or exposure to epilepsy, as a risk factor for the development of PNES. This disorder appears to associate with socioeconomic deprivation (Goldstein et al 2019). Although epidemiological data from developing countries is sparse, existing evidence indicates that PNES occur across different cultures, with similar female predominance and clinical characteristics, and analogous triggers (Dekker et al 2018). Yet, the rate of misdiagnosis of PNES as epileptic seizures appears higher in developing countries. A recent video EEG study from South Africa indicated a rate of misdiagnosis as high as 50% (Anderson et al, 2017), while in Western counties this rate varies (albeit rather widely) between 20 and 40% (Asadi-Pooya and Sperling, 2015; Doss and LaFrance, 2016).


The Diagnosis of PNES and its Difficulties

The diagnosis may be suspected, often from the first clinical assessment, from certain ictal and other features that can be suggestive of PNES with reasonably high probability. A so-formed working diagnosis of PNES may then be tested by video EEG that aims to record the typical event(s). The hypothesis (or possibility) of PNES must be clearly stated in the EEG referral, along with the main clinical manifestations, as these are reported by the patient and their relatives. Absence of EEG changes during typical events, when such changes are to be expected from the type of the ictal behaviour (see below), is deemed sufficient to confirm the clinical suspicion of PNES for the particular type of seizure.



Video telemetry is the EEG test of choice in developed countries. Most people with PNES (but not malingering) would have one attack within the first hours of the recording, so monitoring for longer than 24 hours is infrequently needed. The diagnostic yield of routine video EEG can also be high, particularly after appropriate suggestion that aims to bring the seizures in question to the foreground, i.e., asking the patient “what can usually bring up your seizures?” and discussing the seizure activating effects of hyperventilation and intermittent photic stimulation (IPS) before doing them (figures 18 and 19).


Not infrequently though, establishing a diagnosis of PNES can be quite difficult, as the above-mentioned high rates of misdiagnosis in both developed and developing countries seem to indicate.


First, the possibility of patients having PNES instead of (or together with) epileptic seizures may sometimes be overlooked, either because the described clinical manifestations are highly deceptive or because history was not taken carefully enough. Consequently, such patients are referred for EEG with the question of epilepsy (and not of possible PNES), the EEG is not activated with appropriate suggestion and, unless a PNES occurs during the recording, they may finally receive a diagnosis of epilepsy (and treatment with anti-seizure drugs), because a normal interictal EEG does not rule out epilepsy. An extreme, but well documented, example of misdiagnosis of PNES for epileptic seizures are patients admitted from the emergency department straight to ICU for status epilepticus, which is eventually diagnosed as non-epileptic when an EEG is performed.
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Second, even when PNES are clinically suspected, the video EEG may not capture any, or may only record a non-epileptic seizure of lesser importance, as people with PNES frequently have multiple types of attack (see below). Establishing the diagnosis of PNES for the clinically less important seizure does not necessarily mean that the principle seizure type (for instance convulsive) is also a PNES.


To further complicate matters, some epileptic seizures, such as the hyperkinetic or dystonic frontal lobe seizures or some isolated auras without impairment of awareness (usually with somatosensory or experiential symptoms, such as déjà vu) may not be associated with EEG changes. While in most patients with frontal lobe epilepsy (FLE) the ictal video EEG can still assist the diagnosis by showing characteristic behavioural ictal features (see table 5 below), it would provide no help in purely subjective auras. Finally, video EEG telemetry is variably available in developed countries and waiting times for admission in specialist centres may be long, while it exists in only a few tertiary centres and university hospitals in the developing world where access to routine EEG is also very limited.


Therefore diagnosis can be challenging, but there is much at stake. The average time between onset of PNES and their diagnosis as such in developed countries is 1-16 years (LaFrance et al., 2014); given that most of these people are misdiagnosed as having epilepsy, the mental health burden (from both the “epilepsy” and the unaddressed psychiatric disorder), the physical side-effects of the unnecessary (and often heavy, given the lack of response) antiseizure treatment and the economic costs are substantial, but also avoidable. The following clinical evidence can raise the suspicion of PNES and pave the way for appropriate video-EEG recordings that may confirm the diagnosis.


From the seizure history






	
• Multiple focal seizure types (per se suggestive of multifocal, even bilateral cerebral involvement) in the absence of abnormal neurological and mental status. The significance of this variable is limited in people with learning disabilities, who are more likely to have both multiple types of epileptic seizure and PNES or sudden behavioural changes that mimic epileptic seizures (Reuber and Brown 2017).


	
• Ever-changing ictal symptoms with inconsistent temporal sequence and poor description. Of note however, recent evidence suggests that the semiology of the PNES in some patients may remain stable at least over the short term (Seneviratne et al 2010). Besides, there may be some links between clinical expression and certain historical features; for instance, people with history of sexual abuse are more likely to have convulsive PNES (Reuber and Brown, 2017).


	
• High seizure frequency, for instance daily convulsions and multiple episodes of “status epilepticus” resulting in recurrent hospital admissions despite adequate ASD treatment and repeatedly normal EEG. However, one has to keep in mind that, while normal ictal and immediately postictal EEG during apparently tonic-clonic and focal seizures with ostensibly disturbed awareness is diagnostic of PNES, some types of epileptic seizure (i.e. sensory or experiential auras, or hyperkinetic / dystonic seizures, as discussed above) may not be associated with EEG changes.


	
• Inconsistent responses to AED including frequent claims that seizure frequency increased after treatment with newly introduced AED. However, one has to rule out a rare genuine paradoxical reaction to the trialled drug1.





In patients with generalised epilepsies, treatment with VPA can only occasionally cause exacerbation of absences (Lerman-Sagie et al 2001). Lamotrigine (LTG) has also been reported to infrequently worsen, or induce de novo myoclonic seizures in patients with IGE (Crespel et al 2005). Although GTCS may sometimes respond to CBZ and PHT, the well documented aggravation of absences and myoclonic seizures by these ASDs is not a paradoxical reaction, but a consequence of erroneous treatment, usually resulting from misdiagnosis of IGE as focal epilepsy (Thomas et al 2006).


A few patients with focal epilepsies may report increase of seizure frequency with CBZ or PHT, but a cause-effect relationship has not been clearly demonstrated (Elger et al 1998). Of the focal epileptic syndromes, only the self-limited childhood epilepsies (formerly known as benign idiopathic focal), such as Rolandic epilepsy or Panayiotopoulos syndrome, can infrequently worsen after initiation of CBZ (and occasionally LTG) with the appearance of epileptic negative myoclonus, atypical absences, falls (drop attacks), and even electrical status epilepticus during sleep (see relevant chapters).


PNES are frequently associated with a history of psychological or sexual abuse, other psychiatric disorders and learning disability. Most PNES occur in the presence of witnesses or in association with specific emotional trigger. Strange precipitants, when consistent (i.e. food or want of it), could suggest PNES, but stress or relaxation after stress can also facilitate epileptic seizures.


A history of nocturnal seizures, particularly when they occur exclusively (or mainly) during sleep, normally provides strong evidence for epilepsy; indeed, in people with a first seizure, nocturnal occurrence is considered amongst the main risk factors for seizure recurrence (Krumholz et al 2015). PNES do not occur during sleep; in one series only, PNES during sleep were reported in less than 1% of patients (Orbach et al 2003). Of note though, not all the patients who report seizures from sleep have epilepsy: up to 39% of PNES may occur during “pseudo-sleep”, i.e. when the patient appears to be asleep, but the EEG background is indicative of wakefulness (Benbadis et al 1996; see also Avbersek and Sisodiya 2010).




From the clinical ictal features

PNES with bilateral motor manifestations






	
• Prolonged (>2min) continuous or intermittent, symmetrical or asymmetrical shaking of unchanged frequency and stable or waxing and waning amplitude, head shaking from side-to-side, associated with closed eyes that resist to passive opening and pallor.


	
• Evidence of partial responsiveness / awareness or emotional response (for instance crying) during or immediately after the seizure.





Flailing or thrashing irregular limb movements, kicking or pedalling, cursing, or pelvic thrust are suggestive of PNES, but can also occur in some frontal lobe seizures; the latter are though brief and stereotypical (table 7 below). Injuries from falls, tongue-biting and urinary incontinence are, per se, insufficient diagnostic markers of epileptic seizures, as they can also occur in association with PNES (and also in convulsive syncope), although less frequently. Reported by patients “post-ictal confusion” can be misleading, as what many people with PNES (or convulsive syncope) really mean is that they don’t know what actually happened. Post-epileptic seizure confusion is a state of reduced awareness with disorientation, disturbed thinking, and defects in memory, attention and perception, typically associated with lethargy and heavy stertorous breathing. Recovery is gradual and protracted, particularly after the first generalized (or focal to bilateral) tonic-clonic seizure, while other postictal symptoms, including headache and diffuse muscle aches may last for many hours. Ideally, this sequence should be independently verified by observant witnesses. Of note however, recovery may delay for a while in elderly patients with vasovagal syncope, or when a head injury is sustained upon the fall (see relevant section).



PNES with apparent loss of awareness and unresponsiveness without motor manifestations

These hypokinetic dissociative seizures mimic absences and focal seizures with impaired awareness, and therefore are difficult to suspect from the accounts of relatives and onlookers, who essentially describe what they see, i.e. psychomotor arrest, staring and unresponsiveness. Diagnosis and treatment therefore may delay for longer than in other types of PNES (Goldstein et al 2019). Once suspected, they may be triggered after suitable suggestion during hyperventilation or photic stimulation (figures 18 and 19).



PNES with atonic features

PNES presenting with loss of muscle tone and unresponsiveness should be differentiated from vasovagal or cardiogenic syncope (see previous section on syncope and psychogenic syncope) and also from atonic epileptic seizures.


Atonic epileptic seizures are rare, short in duration and typically part of easily recognizable, mainly paediatric epilepsy syndromes that are usually also associated with other seizure types. For instance, in epilepsy with myoclonic atonic seizures that mostly starts before the age of 5 years, atonic seizures combine with myoclonic (as myoclonic-atonic) or co-exist with them, as well as with generalized tonic-clonic; in Lennox-Gastaut syndrome they are associated with clinically unmistakable tonic seizures. Atonic seizures may rarely occur in pharmaco-resistant bilateral TLE. Syncope-like seizures can occur in children with Panayiotopoulos syndrome, who suddenly become floppy and unresponsive. Differentiating features here include 1) the absence of triggers, 2) the occurrence from sleep or while lying in bed, 3) their association with conventionally epileptic clinical features that may precede or follow the atonic-nonresponsive phase in the same seizure, and 4) the postictal confusion (Koutroumanidis et al 2012 - see also section on Panayiotopoulos syndrome).




From the postictal features (on history and examination)

Immediately postictally, shallow and rapid breathing, rapid re-orientation and fragmented or full memory of a generalised “seizure” are indicative of PNES. There may also be some response to painful stimuli, reflexes are normal, eyes are tightly closed and examination of the corneal reflexes is impossible. Exceptionally however, conversion anaesthesia may appear complete, sometimes leading to ICU admission. Complete loss of consciousness is very difficult to simulate and therefore is rare in malingering.



In patients with functional postictal (Todd’s) hemiparesis, watching and palpating the antagonists, when the patient attempts to contract the agonists of the “paretic” side on command, may disclose activation that should not occur (for instance contraction of the triceps when the patient is asked to flex their elbow). In complete flaccid hemiparalysis, the “arm dropping” test, by which the supposedly paralysed arm is let fall towards the patient’s face, may also be helpful. Hoover’s test compares the strength of the voluntary hip extension of the supposedly paretic leg to the strength of this leg when the non-paretic one is being flexed again resistance. In functional paresis voluntary hip extension is weaker. The hand of the examiner is placed under the heel of the “paretic” leg and the patient is asked to concentrate hard on the good leg during the manoeuvre (Hoover 1908; Stone et al 2002).
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Table 1/ Clinical differentiation between Generalised Tonic-Clonic Seizure (GTCS) and focal to bilateral Tonic-
Clonic Seizure (F-bilTC) (working diagnostic hypothesis).
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Table 3/ Clinical and historical evidence that can help differentiate idiopathic myoclonic seizures from focal
myoclonus (working diagnostic hypothesis).
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Figure 15 / Brugada ECG pattern. Note the ST elevation in
V2 > V1 andV3, which should normally be < 2 small squares
Reproduced with permission from: JACC 2003;41(10):1666.
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Figure 1/Video EEG showing a GTCS in a patient with JME, lonic-te Note the

sequential generalised myoclonus that occus for 3 seconds ust before the onset o the tonic phase and is associated with

generalied spike-wave discharges The time of the double camera video shot is marked by the blue arrow on the trace. Eyes
3re open and gaze straight and up. Notice the open mouth and the flaxed position of the body and limbs.
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Figure 2 / (continued from Figure 1). Only 4-5 seconds later (bue armow), and still within the tonic phase, the posture has
changed.The seniflexed arms are lower and rotated inward with flexed wriss, while the body is going into extension and the
lower limbs are already fully extended and inward rotated with both feet in plantar flexion. Eyes and mouth remain open.
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