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  Paediatricians who treat children with epilepsy, if they do not find an efficient treatment that gets a patient in remission, at a certain moment have to quit and leave them to an adult neurologist. If they are dedicated epileptologists, their concern will be that the neurologist who takes over may not keep the same standard of care as they have tried to provide. Often they will loose sight of their patient and not know the further course which is regrettable not only for them but also for our more general knowledge about the long term course of the epilepsies.




  Neurologists who come to treat young adults with an epileptic disorder that started in childhood find it often difficult to recapture the early phase and initial development of the illness, the phase which is most important for a differentiated syndrome diagnosis. The case history as it is told by patients and relatives may have become blurred and distorted by time and what has occurred in between. Doctors who are dedicated epileptologists would sometimes wish the young person had as a child been treated by a more experienced colleague. They may come to follow patients during interesting periods in the course of a syndrome which in retrospect it may not be possible to identify exactly any more.




  As I am writing this preface I am very much reminded of my years in Bethel where the above was especially a problem with young adults with a severe mental and physical handicap and intractable epilepsy which had started long ago, often in early childhood. Even if the paediatricians 15 or 20 years earlier had done the best they could about the exact diagnosis, both investigation methods and general epileptological knowledge at their time just were 15 or 20 years less advanced than at the moment we saw the patient. Too often we ended up with a disappointingly imprecise diagnosis of unspecified epileptic encephalopathy.




  It is therefore immensely important that colleagues who are aware of this twofold problem have undertaken efforts to establish truly long term follow-up of syndromes starting in childhood. The editors and authors of this book have made important contributions to these approaches. Here they present and update many of their results. They help us to better understand the natural history, therapeutic problems and manifold consequences which patients with epileptic encephalopathies experience over the years. This book fills a gap, and I am pleased to welcome it with many thanks to all who have contributed to it.




  Epileptic encephalopathies of early infancy or so-called neonatal epileptic encephalopathies
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  Epileptic encephalopathy: A condition in which the epileptiform abnormalities themselves are believed to contribute to progressive disturbance in cerebral function [1, 2].




  This definition which attributes the severe neurological deterioration of these infants to the interictal EEG pattern (i.e. no physiological background activity and presence of generalized and more or less continuous epileptiform abnormalities), ought to include the seizure burden (number of seizures per day/week) as a contributing factor.




  Epileptic neonatal encephalopathies with a suppression-burst EEG pattern was first reported in the late seventies both by Ohtahara in 1976 [3] and Aicardi in 1978 [4]. These reports included neonates with an abnormal neurological state from birth, and a very early onset of epileptic seizures. In addition to these two earlier reported syndromes, is the further inclusion of malignant migrating partial seizures of infancy [5], as some cases may manifest at birth, together with genetic diseases, such as CDKL5 [6], with patients who can also start seizing in the first month of life.




  EPILEPTIC NEONATAL ENCEPHALOPATHIES WITH SUPPRESSION-BURST EEG PATTERN




  Suppression-burst EEG pattern (Figure 1):




  - complex bursts of spikes and irregular, arrhythmical sharp waves and slow waves lasting from 1 to 5 seconds and alternating with flat periods of 3 to 10 seconds;




  - burst complexes can occur either synchronously or independently in the two hemispheres;




  - normal background activity is absent;




  - there may be no difference between wakefulness and sleep;




  - focal seizures during suppressions [7] (Figure 2).
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  EARLY INFANTILE EPILEPTIC ENCEPHALOPATHY




  Neonates with an early infantile epileptic encephalopathy (EIEE) were first reported by Ohtahara [3] with additional cases reported by the same group later [8]. From their first paper, they proposed that EIEE represented the first of three so-called “age-dependent epileptic encephalopathy syndromes” evolving in infancy to West syndrome and subsequently in childhood to Lennox-Gastaut syndrome [9].




  The characteristics of EIEE include:




  - onset in early infancy (neonatal period through the first few months of life);




  - tonic spasms occurring mostly in clusters (brief tonic seizures) as the predominant seizure type (Figure 3);




  - suppression-burst interictal EEG (Figure 6);




  - severe psychomotor retardation;




  - medically intractable seizures;




  - poor prognosis;




  - no single etiology characteristic for the disorder;




  - evolution to West syndrome (i.e. infantile spasms, retardation, hypsarrhythmia on the EEG).




  The predominant seizure type is described as a tonic spasm. These are brief episodes of limb and axial stiffening; each event lasting longer than an axial myoclonic event and longer than an epileptic spasm recorded in West syndrome (> 2 seconds), but shorter than a tonic seizure.




  The tonic spasms may occur in clusters, but in some patients they occur intermittently. They most often occur in patients during wakefulness, but can also be present during sleep (sometimes very discretely); their frequency during the day may be very high. In addition to tonic spasms, about a third of affected infants may also experience other seizure types including focal motor seizures, unilateral motor seizures, alternating or bilateral. Generalized seizures have not been recorded.




  The interictal EEG is characterized by a suppression-burst pattern. This pattern is not modulated by wake/sleep cycles. It is defined by bursts occurring periodically and characterized by generalized and multifocal, high-voltage, spikes and sharp and slow wave complexes alternating with periods of general flattening, mostly bilateral but sometimes more marked in one hemisphere. The pattern may be present during wakefulness and sleep. During a clinical tonic spasm, EEG shows a generalized voltage attenuation.




  There have been a number of etiologic factors associated with this syndrome. In a series of 15 cases, Ohtahara and colleagues reported 4 cryptogenic and 11 symptomatic. Four of the symptomatic patients had suffered “neonatal anoxia”, two, Aicardi syndrome; and the remainder, porencephaly, cerebral atrophy or dysgenesis. None had specific metabolic disorders. Recently it has been reported that a longer polyalanine expansion mutation in the ARX gene could cause early infantile epileptic encephalopathy with suppression-burst pattern [10] and de novo mutations in the gene encoding STXBP1 (MUNC18-1) have been found in cases with early infantile epileptic encephalopathy [11].




  These infants are often treated with hormonal therapy (ACTH or corticosteroids depending on the country) which is also used in the treatment of infants with West syndrome. However, this therapy is considered to be less effective in early infantile epileptic encephalopathy. In addition, other antiepileptic drugs have been used, including clonazepam, nitrazepam, valproate and pyridoxine but also with limited efficacy [8]. Vigabatrin may be effective [12].




  The prognosis for babies with early infantile epileptic encephalopathy is poor. In Ohtahara's series, 7 out of 15 infants died at ages ranging from 6 months to 11 years 9 months (with 4 of the deaths occurring within the first 2 years of life) [12]. At the last evaluation, between 4 and 17 years, all survivors were characterized as severely handicapped, both mentally and physically. All had severe mental retardation. All but 2 were described as quadriplegic and bed-ridden, the remainder was hemiplegic and ambulatory. In 6 of the 8 survivors, seizures were either controlled or had remitted. In one of the remaining two patients, tonic seizures persisted until the age of 7 years and 5 months and focal motor seizures were present at the age of 14 years and 10 months (both of these patients were from the ambulatory group). In our experience the suppression-burst pattern may still be present late in childhood, not only at 3 months of age, but also at 3 years of age (Figures 4 and 5). One patient with EIEE had an excellent response to chloral hydrate (a possible role of an “old” drug in the treatment of intractable epilepsy!). Chloral hydrate (58 mg/kg/day) was administered during a short period to a 5-week-old female with typical features of cryptogenic Ohtahara syndrome, and after the failure of conventional antiepileptic drugs. Seizures disappeared in the course of 24 hours after the start of chloral hydrate therapy and have not recurred. Electroencephalographic studies of the child demonstrated marked improvement. Psychomotor development was however significantly delayed. Detailed diagnostic tests have not revealed any metabolic or structural abnormalities of the brain [13]. Four children underwent surgery, two with focal cortical dysplasia and two with hemimegalencephaly, all with a dramatic improvement on seizures [14, 15]. The degree of both mental and physical impairment appears to be static over time. Nevertheless, for children who can be selected for surgical treatment, the neurological prognosis is somewhat improved.
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  EARLY MYOCLONIC ENCEPHALOPATHY




  Early myoclonic encephalopathy (EME) is a relatively rare syndrome characterized by the onset of erratic, fragmentary myoclonus in the first month of life and with the eventual development of both focal seizures (originally described as partial motor seizure) and infantile spasms [3, 16]. The EEG is characterized by a periodic, suppression-burst pattern which is not dissimilar to the suppression-burst pattern of EIEE. Different appellations have been proposed for this syndrome ­ EME but also neonatal myoclonic encephalopathy.




  The characteristics of EME include:




  - onset in early infancy: possible family history;




  - fragmentary or partial erratic myoclonus; generalized myoclonus; focal seizures;




  - suppression-burst interictal EEG (Figure 6);




  - severe psychomotor retardation;




  - medically intractable seizures;




  - poor prognosis; death before 2 years of age in 50% of cases;




  - metabolic disorders; cryptogenic cases.




  Aicardi [16] reviewed the clinical expression of the ictal events in 39 cases. These seizure-types included: fragmentary or partial erratic myoclonus; massive (or generalized) myoclonus, focal seizures and tonic spasms. Erratic myoclonus appeared first, sometimes within the first few hours of life, involving very circumscribed regions of the limbs or face, repetitive or virtually continuous, anarchic and asynchronous sometimes persisting in sleep. Later, generalized myoclonus and partial seizures may develop. The generalized myoclonus can involve all extremities synchronously and bilaterally, or may involve the axial musculature. Both motor and autonomic phenomena can occur. Erratic myoclonus and epileptic spasms typically develop later in the course of the disorder, usually between 3 and 4 months of age.




  The EEG is characteristic and its features have become known as one of the criteria for the diagnosis of this syndrome. The background activity is a suppression-burst pattern, the bursts, occurring periodically, are characterized by generalized and multifocal, high-voltage, spikes and sharp and slow wave complexes. The pattern may be present during wakefulness and sleep. There is typically no EEG correlate to the fragmentary or erratic myoclonus, although generalized myoclonus may occur in association with the complexes during EEG bursts. When focal seizures occur, their EEG correlate is not different from those described for infants with other focal neonatal seizures. The suppression-burst pattern may remain unchanged for months or years, or be characterized by atypical or modified hypsarrhythmia.




  The neurological status of infants with early myoclonic encephalopathy is always abnormal, either at birth or at the onset of clinical seizures. Frequently the infants are hypotonic and poorly responsive, consistent with the clinical diagnosis of an encephalopathy. It is this early onset of abnormal neurological status which makes further neurological deterioration difficult to assess.




  A metabolic etiology has been reported in some cases: non-ketotic hyperglycinemia, proprionic acidemia, D-glyceric acidemia and methylmalonic acidemia, [17, 18]. However, other etiologies have also been reported probably more frequent than the metabolic causes, such as familial cerebral malformations. Most cases remain cryptogenic.




  The genetic mapping of an autosomal recessive form of EME to chromosome 11p15.5 has been reported recently plus the identification of a missense mutation (p.Pro206Leu) in the gene encoding one of the two mitochondrial glutamate/H+ symporters (SLC25A22, also known as “GC1”). These findings provide the first direct molecular link between glutamate mitochondrial metabolism and myoclonic epilepsy and suggest potential insights into the pathophysiological basis of severe neonatal epilepsies with suppression-burst pattern [19].




  Therapy may be symptomatic in specific inborn errors of metabolism. Antiepileptic drugs or corticosteroids, while often used, are not particularly effective. The association of both myoclonic seizures and epileptic spasms makes the choice between the different AEDs very difficult.




  The outcome for infants with early myoclonic encephalopathy has been consistently reported as very poor. There is a high incidence of death within the first few years of life. Some survivors have been reported to remain in a vegetative state and others with significant developmental delay. As noted, there is some debate concerning the course of neurological impairment. Some suggest that there is a gradual deterioration or arrest of development with onset of the disorder [20], whereas others suggest that because of the severity of impairment at onset, subsequent development cannot be quantified [16].




  ■ One or two syndromes?




  There has been an ongoing discussion concerning the relationship of EME and EIEE. Some authors suggested that these syndromes represented a continuum of a single disorder. Aicardi [16] indicated that the two syndromes “have too many points in common to assume that they are completely different syndromes, and they may, at least in some cases, simply be two different aspects of a single basic process”. However, others suggest that they represent two distinct syndromes [8, 21, 22].




  Most recently, Djukic et al. [23] addressed this issue by undertaking a literature review of published cases of both EME and EIEE to further consider this issue. They suggested that although the syndromes may have distinct courses, the early differentiation may be impossible; concluding that the two syndromes may represent a continuum of a single disorder. Both syndromes occur early in life and are associated with encephalopathy, seizures and a suppression-burst EEG. One distinguishing feature of EME is the occurrence of an erratic myoclonus. In the early data it had been thought that focal seizures might only occur in EME, but it was later shown that they can also occur in EIEE. The prognosis for both syndromes is very poor, those with EIEE die at a later age, but for survivors, impairment is very severe.




  From a practical point of view, the clinical differentiation between the two syndromes at onset is difficult, since the most striking clinical findings in both cases are encephalopathy and associated seizures. The clinical and EEG features form the basis for characterization of the disorder. The identification of an etiology provides the most important data to determine prognosis.




  ■ Malignant migrating partial seizures in infancy




  First reported in 1995 in 14 infants [5], malignant migrating partial seizures in infancy (MMPSI) is an epileptic encephalopathy characterized by onset during the first 6 months of life and rapidly progressing to partial seizures that become subcontinuous. Seizure onset migrates from one area of the cortex to another, and major deterioration of the psychomotor abilities results.




  Malignant migrating partial seizures in infancy are described as follows:




  - Between 24 days and 10 months (mean 4.5 months), seizures become almost continuous, with major deterioration, alternating with seizure-free periods.




  - Good clinical/EEG correlation according to topography of the discharges.




  - Very complex combination of simultaneous focal seizures (Figure 7).




  - Without video/EEG, seizures are often overlooked.




  - Subnormal interictal EEG, no SB pattern.




  - Seizures can affect a single hemisphere for several months.




  Cases were later identified in European, Asian and American countries [24, 25]. Early seizures have motor and autonomic components, later seizures are more polymorphic, varying from one seizure to the next in a given patient. Seizures last several minutes longer than the usual partial seizures seen in infancy. They tend to become more frequently generalized with time. Myoclonus is rare, and spasms are exceptional. By the end of the first year of life, seizures become almost continuous and occur in clusters. Periods with seizures lasting for several weeks, during which the infant deteriorates considerably, are followed by the periods when seizures disappear for a few weeks, with slow improvement of the condition. Progressive microcephaly usually occurs. To date, no cause has been identified by historical, biochemical, radiological or histological investigations. No familial case or consanguinity has been reported. A genetic study failed to find mutations in sodium (SCN1A, SCN2A), potassium (KCNQ2, KCNQ3), and chloride (CLCN2) ion channels in three children with MMPSI [26].




  The course is most severe because seizures never come under control. For the rare patients whose seizures are controlled before the end of the first year of life, walking is possible. Only a single patient, however, is said to have had a normal development at the age of 7 years, and the use of levetiracetam has been reported recently in a possible case with early neonatal onset. This contrast in the course raises doubts regarding the syndromic diagnosis for these patients. Open data on the effect of the combination of clonazepam and stiripentol has been reported. Bromide may be efficient, but AEDs for partial epilepsy, mainly carbamazepine and vigabatrin, seem to worsen the condition. For some patients, seizures tend to become less severe by the second or third year. Hypotonia and psychomotor retardation are constant.




  Death occurs either at the end of infancy or by the end of the first decade. Distinction with potentially surgical cryptogenic monofocal partial epilepsy of very early onset may be a challenge. From a nosological issue, MMPSI could be considered an epileptic encephalopathy with an onset between that of severe neonatal syndromes (EME and EIEE) and West syndrome, but including only focal seizures.
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  ■ Epilepsy in patients with CDKL5 mutations




  This condition is different from the former ones, as even though seizures occur early in life, the epileptic encephalopathy does not start during the neonatal period but is delayed by 6 months. In patients with CDKL5 mutations the median age of epilepsy onset is reported to be around 4 weeks of age [6]. These seizures are described as generalized tonic, usually with flushing of the face, often brief, but very frequent, occurring at least daily, often more than 2-5 times per day. No occurrence of status epilepticus is however reported. When available, the ictal EEG shows a generalized flattening of the tracing with fast activity followed by a discharge of spikes and waves in both the frontal and central regions. The interictal EEG is either normal or a slowing of the background activity is observed. Sleep spindles are present. Neither a suppression-burst pattern, nor the other specific abnormal EEG patterns were observed.




  In this series, with treatment including different AEDs, seizures either completely stopped or dramatically decreased within 1 month after epilepsy onset. The EEG remained normal or showed a slight slowing of the background activity until the median age of 6 months, then progressively deteriorated.




  For all patients a neurological examination revealed gross motor hypotonia and poor eye contact at the earliest stage of epilepsy. The epilepsy progressively relapsed in most cases despite treatment, with an epileptic encephalopathy that combined infantile spasms intermixed with brief tonic seizures. Neurological examination during this second period of epileptic encephalopathy showed profound mental retardation, massive hypotonia and no language or visual contact. Later in life the seizures became multifocal and myoclonic.
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Figure 6. EME : generalized myoclonic jerks synchronous with the bu
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Figure 5. Persistence of a SB pattem in a 3 years old child who presented with an EIEE.
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Figure 2. SB pattem associated with subclinical focal discharges (O2: right occipital) of theta rhythms.
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Figure 7. MMPSI; 4 minutes of continuous recording with both right and leftseizures migrating from one region
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Figure 1. Suppression-burst (SB) pattem in a 3 days old baby: short bursts of generalized slow waves and spikes,
altemating with phases of complete depression.
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Figure 3. Cluster of tonic spasms recorded in an EIEE syndrome; 3 weeks old baby. EMG 1 and 2 are surface
EMG recording on right and left deltoid muscles.





