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    Linking epilepsy, sleep disruption and cognitive impairment in Encephalopathy related to Status Epilepticus during slow Sleep (ESES)


    Guido Rubboli, Carlo Alberto Tassinari


    
       
    


    
      “Encephalopathy related to Status Epilepticus during slow Sleep (ESES)” was described more than forty-five years ago in a small group of children with learning disabilities who displayed a peculiar EEG pattern consisting of apparently “sub-clinical” spike-and-wave discharges, that occurred almost continuously during sleep for a variable length of time (months to years). Later on, the condition of a protracted “status epilepticus during sleep” (SES) in the developmental age was proposed to be the factor leading to the appearance of severe cognitive and psychic disturbances. Indeed, the extreme activation of epileptic activities during NREM sleep still stands as the electroencephalographic hallmark of a condition that, if prolonged, causes the appearance of a clinical picture that has been acknowledged to be an encephalopathy related to SES. From a broader perspective, SES may be responsible not only for cognitive dysfunctions, such as for instance acquired aphasia, i.e. Landau-Kleffner syndrome, but also (and often concomitantly) for other dysfunctions, such as severe behavioral disorders and motor impairment (i.e. apraxia and negative myoclonus). Etiology of ESES can be heterogeneous as well, in fact it has been reported in children with organic brain lesions as well as in children with an epilepsy of benign evolution - whether idiopathic or cryptogenic.
    


    
      After hundreds of observations and comprehensive reviews on the subject (including a monography on the Venice Symposium edited by Beaumanoir et al. in 1995), it became clear that SES, cognitive impairment and behavioural disturbances evolve in parallel, and in fact when these latter disorders recover, SES tends to disappear (or it is already over). However, in spite of the wealth of data accumulated over decades, the clinical spectrum of ESES and its boundaries, the diagnostic criteria, the pathophysiology and the therapeutic management are still a matter of debate.
    


    
      In recent years, clinical observations, neurophysiological and imaging investigations, and genetic studies have renewed interest in ESES. In addition, experimental findings from sleep research have opened fascinating perspectives on some possible pathophysiological mechanisms involved in this condition. These issues have been discussed at the 1st Dianalund International Conference on Epilepsy on “Encephalopathy related to Status Epilepticus during slow Sleep. Linking epilepsy, sleep disruption and cognitive impairment” that was organized by Guido Rubboli, Marina Nikanorova, and Carlo Alberto Tassinari on March 14-15, 2014 in Sor⊘ (Denmark). Clinicians, neurophysiologists, sleep physiologists and geneticists (figure 1) who have studied ESES gathered with the aim to create a better overall understanding of this special syndrome in the light of recent research. Based on the scientific and educational structure of the meeting, the speakers and session chairs were later invited to contribute with an updated review of their topics. All these contributions are acknowledged in this Supplement with the aim to provide an updated overview of the current knowledge on ESES.
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    Encephalopathy related to Status Epilepticus during slow Sleep: an historical introduction


    Guido Rubboli, Carlo Alberto Tassinari


    
       
    


    
      In 1971, Patry, Lyagoubi and Tassinari described in six children a distinctive EEG pattern, referred to as “Subclinical electrical status epilepticus induced by sleep”, characterized by apparently “subclinical” spike-and-wave discharges occurring almost continuously during sleep for a variable length of time (months to years) (figure 1). In 1977, Tassinari et al. reported eleven additional patients. The conclusions of this study (that considered also five of the original patients) stated verbatim: “the sixteen cases exhibit a peculiar electroclinical syndrome for which the term of Encephalopathy related to Status Epilepticus during slow Sleep, or ESES, is suggested. The EEG shows as soon as the subjects fall asleep, continuous high-voltage diffuse slow spike-and-wave discharges which persist throughout the non-REM sleep. During REM sleep the status epilepticus disappears. Status epilepticus during sleep (SES) can persist for years (up to 8 yrs) and it occurs every time the subjects fall asleep. The waking EEG may or may not show various abnormalities: focal, multifocal, diffuse spikes or spikes and waves. The clinical features can be distinguished into three periods: a) Onset: (4 to 8 yrs) with various types of nocturnal (usually rare) and/or diurnal (atypical absences) seizures present in fifteen cases. One subject never had epileptic seizures. b) Status: characterized by a severe psychic syndrome with psychotic behaviour and mental deterioration. The status period spans from 2 to 8 yrs during which every sleep record shows the status epilepticus. c) Remission: in four cases SES disappeared and the subjects showed progressive improvement in behaviour and mental performances. It is suggested that the condition of a protracted (years) SES can be the factor leading to severe mental deterioration and psychic disturbances in some children. In children with rare seizures and appearance of severe psychic and mental impairment, a sleep record should be considered in search of the ESES ”.
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      As already pointed out (Cantalupo et al., 2013), it is interesting to notice that these conclusions anticipated the concept that was incorporated years later by the International League Against Epilepsy (ILAE) Classification Task Force into the definition of epileptic encephalopathy, including not only the conditions with frequent seizures but also those with a large amount of “interictal” epileptiform activity (Berg et al., 2010).
    


    
      Kellerman was the first to make the connection between acquired epileptic aphasia, or Landau-Kleffner syndrome (LKS), and extreme activation of spike-and-wave discharges during slow sleep, consistent with SES: “Landau and Kleffner (1957) suggested that persistence of convulsive discharges in the brain tissue concerned with linguistic communication may result in functional ablation of these areas. This assumption is supported by the report of Patry et al. (1971). Four of their six cases with subclinical sleep-induced bioelectrical status epilepticus have total lack or severe delay of speech. Unfortunately in a supplementary report by one of the authors (Tassinari et al., 1977) no further details are given as to whether the additional patients with subclinical status epilepticus showed evidence of aphasia. However, their children suffered from a severe psychotic syndrome and mental deterioration” (Kellerman, 1978).
    


    
      Indeed, in Tassinari’s cases (Tassinari et al., 1977), the language impairement was not the main clinical feature. Most importantly, in the above citation, Landau and Kleffner referred to epileptic activity during wakefulness and not during sleep. In fact, years later, Landau and Kleffner (2009) commented on sleep-related epileptic activity and LKS: “Regarding the epilepsy component of LKS, a major constituent of the syndrome of which we had been unaware, is the tremendous exaggeration of paroxysmal brain activity during sleep. We know that such highly abnormal nocturnal EEG are also associated with other clinical syndromes, suggestive of predominant paroxysmal activity in areas other than the auditory territory ”.
    


    
      In 1989, the International League Against Epilepsy (ILAE) recognized LKS and ESES (otherwise labelled as epilepsy with continuous spike waves during slow-wave sleep - CSWS) as distinct epilepsy syndromes of childhood (whether focal or generalized) (Commission on Classification and Terminology of the International League Against Epilepsy, 1989). However, since the early 2000s, it became accepted that ESES encompassed LKS, this latter representing a clinical variant or subtype of the former (Tassinari et al., 2000). Indeed, the ILAE Task Force in 2006 acknowledged that the current evidence was insufficient to consider LKS and ESES as separate syndromes (Engel, 2006).
    


    
      One of the most intriguing issues of ESES is the relationship between SES and the pattern of neuropsychological and/or motor impairment. In recent years, numerous experimental data have shown the crucial role of sleep in physiological cognitive and psychomotor development, particularly during the developmental age. Based on these data, it has been hypothesized that prolonged, sleep-related focal epileptic activity interferes with sleep slow wave activity, particularly at the site of the epileptic focus, hence disrupting the cortical plasticity processes occurring during sleep that are necessary for learning and memory consolidation of what has been acquired in wakefulness, ultimately resulting in neuropsychological and behavioural disorders (Tassinari and Rubboli, 2006). In fact, some recent reports support this hypothesis, by providing electrophysiological evidence that physiological parameters related to NREM slow-wave activity are impaired in children with ESES and recover after ESES resolution (Bölsterli et al., 2011, 2017). These concepts, that provide a fascinating pathophysiological explanation linking the cognitive impairment to the sleep-related exaggerated epileptic activity that characterize ESES, are efficaciously conveyed by the eponym “Penelope syndrome” in which the ‘cognitive threads’ (neuronal networks) that are weaved during the day are unravelled (by continuous “spiking”) during the night (Tassinari et al., 2009).
    

  

  
    Encephalopathy related to Status Epilepticus during slow Sleep: from concepts to terminology


    Edouard Hirsch, Roberto Caraballo, Bernardo Dalla Bernardina, Tobias Loddenkemper, Sameer M. Zuberi


    
       
    


    
      Despite Encephalopathy related to Status Epilepticus during slow Sleep (ESES) being first reported more than 45 years ago, its defining features and diagnostic criteria are still a matter of debate. In addition, inconsistent terminology and concepts are used when referring to ESES, possibly causing unnecessary difficulties in the delineation of the syndrome and in the interpretation of the results provided by different studies. Edouard Hirsch, Roberto Caraballo, Bernardo Dalla Bernardina, Tobias Loddenkemper and Sameer M. Zuberi, five “epileptologists” with interest and experience in the diagnosis and management of ESES, express their opinions on the definition, the diagnostic assessment and the terminology that may be considered for this condition by answering selected predefined questions. The aim is to identify concepts for which there is a shared view (such as, for instance, ESES as a childhood epileptic encephalopathy encompassing Landau-Kleffner syndrome; the need to demonstrate, for the diagnosis of ESES, that the sleep EEG pattern has a clinical correlate, that is the appearance of cognitive/behavioral disorders; the possible role of disruption of sleep homeostasis), and areas where there are still disagreements on classification or controversies (such as, for instance, EEG evaluation and biomarkers, neuropsychological assessment, and terminology) which demand further studies and research (see also Tassinari and Rubboli, p. 99-103).
    


    1) Is ESES a syndrome or a “self-limited” EEG pattern like hypsarrhythmia?


    
      Roberto Caraballo (RC). It is an epileptic syndrome within the group of epileptic encephalopathies. According to age at onset, clinical manifestations, EEG pattern, evolution and prognosis, independent of etiology, it meets the criteria of the well-defined epileptic syndrome (Commission ILAE, 1989).
    


    
      Bernardo Dalla Bernardina (BDB). ESES and Landau Kleffner syndrome (LKS) are one syndrome with variable clinical features; it is a childhood-onset encephalopathy characterized by the appearance of neuropsychological and behavioral disorders related to a significant and sustained activation of EEG paroxysms from drowsiness throughout all NREM sleep.
    


    
      The clinical impairment can appear abruptly or progressively:
    


    
      	– it can appear in a previously normal child or it can be a worsening of a pre-existing neuropsychological impairment;


      	– it can be a global cognitive impairment or it can concern a specific domain only (Kuki et al., 2014);


      	– the behavioral and psychiatric disorders can be of variable type and degree, leading to an autistic-like condition in some cases.

    


    
      This peculiar electroclinical condition can appear, for unknown reasons (genetic predisposition, immunological mechanism, etc.), in any type of focal epilepsy of infancy or childhood of genetic (idiopathic), structural (both genetic or acquired), or unknown origin (Dalla Bernardina et al., 1978, 1989). In some cases, it can be induced by some AEDs.
    


    
      Even if the mechanisms inducing the impairment are probably multiple and complex, one important factor can be a focal (Huber et al., 2004) or diffuse (Tononi and Cirelli 2014) disruption of sleep homeostasis induced by the recurrence of paroxysms (Tassinari and Rubboli, 2006; Cantalupo et al., 2011).
    


    
      Edouard Hirsch (EH). Syndromes are defined according to non-fortuitous associations with signs and symptoms. To date, syndrome definitions have been based on expert opinions. In 2014, an ILAE position paper (Fisher et al., 2014) recognized epilepsies and syndromes as a group of diseases. The 1989 classification of epilepsies was revised in 2017 (Scheffer et al., 2017) (figure 1).
    


    
      The Nosology and Definition Task force of the ILAE in 2018 are still discussing the definition of a syndrome. It is proposed that a syndrome is a characteristic cluster of clinical, EEG and laboratory (imaging, neuropsychology, etc.) features in an individual with epilepsy, often with etiologic, prognostic and therapeutic implications. Syndromes may have age-dependent presentations and specific co-morbidities.
    


    
      The main changes in classification for “LKS”- “ESES” are presented in (figure 2 ):
    


    
      	– Epilepsy Type: Generalized and Focal seizures may co-exist;


      	– “LKS”-“ESES”, may have multiple etiologies even in an individual patient eg. genetic, structural, immune, inflammatory, metabolic.
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Figure 1/ EEG tracing of an cight-year-old boy showing the transition from wakefulness to slecp and the appear-
ance of continuous spike-and-wave discharge upon falling asleep (modified from the original report by Patry
etal. 1971).
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