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  Foreword




  From 15 to 18 November, 2012, 49 experts in the field of childhood epilepsy convened in The Hague, The Netherlands, for a workshop entitled: Outcome of Childhood Epilepsies. The workshop was held within the framework of the “Progress in Epileptic Disorders” workshops, organized by the journal Epileptic Disorders. The 2012 workshop was held in The Hague on the occasion of the 25th anniversary of the Dutch Study of Epilepsy in Childhood, and the members of the Dutch study group felt indeed very honoured to host so many distinguished guests.




  The Dutch Study of Epilepsy in Childhood (DSEC) started in 1987 as a prospective cohort study of children with newly diagnosed epilepsy. The children were recruited from four hospitals in three adjacent cities in The Netherlands and the almost 500 children recruited over a period of four years were considered to contain roughly 70­80% of all incident cases in the referral area of the participating hospitals.




  The original study group consisted­in alphabetical order­of Willem Arts, Oebele Brouwer, Ada Geerts, Boudewijn Peters, Hans Stroink and Cees Van Donselaar, and, sticking together as a group despite changes in the respective careers, we were able to continue the follow-up of the cohort until quite recently. Altogether, the DSEC produced about 50 papers in peer-reviewed journals, six theses, and countless contributions to international congresses and meetings. Most of this output concerned research on the outcome of the epilepsy of these children. Without aiming for completeness, we can mention the outcome after a single unprovoked seizure (Stroink), the outcome of newly diagnosed epilepsy (Arts, Geerts), the outcome after withdrawal of AEDs (Brouwer, Peters, Geerts), mortality (Brouwer, Callenbach), quality of life and psychosocial outcome (Carpay, Geerts), cognitive outcome (Geerts, Oostrom, Peters, Schouten), outcome predictability (Arts, Boerrigter, Geelhoed, Geerts), and intractability (Arts, Geerts).




  Many of the contributions were realized only after intensive collaboration by and discussions with experts in the field like Carol and Peter Camfield, Anne Berg, Shlomo Shinnar, Matti Sillanpää, David Chadwick, Richard Appleton and many, many others. The 25th anniversary of the DSEC for us marked an excellent occasion to acknowledge their contributions and express our gratitude for it.




  The background of the workshop was on the one hand the availability of many outcome data from cohort studies, trials and other studies on (treatment of) childhood-onset epilepsy. We felt that a state-of-the-art survey of the available data was now timely. On the other hand, it had already become clear that our knowledge on outcome of childhood epilepsy in general and of specific types of epilepsy and of treatment modalities in particular is as yet by far insufficient to base sound, evidence-based treatment strategies on. The workshop therefore also aimed to identify the lacuna's in our knowledge and define research topics in this area for the years to come.




  We really enjoyed three days of exciting discussions, and we hope that the readers of this book will agree with us that altogether, this is a state-of-the-art review as good and as up-to-date as one can get.




  We are very grateful for having had the opportunity to organize this workshop. Our thanks go especially to Alexis Arzimanoglou, editor-in-chief of Epileptic Disorders, who opened up the possibility to embed the workshop within the “Progress in Epileptic Disorders” series, and was of great help with the content and organization, and to the other two members of the scientific committee, Carol and Peter Camfield. And of course, this also gives us the opportunity to gratefully acknowledge the enduring friendship, trust and hospitality we experienced from “The Camfields” during many years!




  We thank all speakers and discussants who did such a great job, especially those who wrote a chapter and later revised it, incorporating the remarks and suggestions made during the sometimes heavy discussions. Special thanks go to Mrs. Florence Marsy from ANT Congress who did all the practical organizational work and to UCB Pharma for their continuing support for the “Progress in Epileptic Disorders” workshops. We gratefully acknowledge their unrestricted educational grant.




  Finally, we also wish to thank John Libbey Eurotext Editions and their editor, Mrs Anne Chevalier, for their help in publishing this book soon after the workshop, eliminating our textual and linguistic mistakes.




  Willem F. Arts, Oebele F. Brouwer
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  In April 2011, a National Institute of Neurological Disorders and Stroke (NINDS) workshop was held to identify problems in recent epilepsy clinical trials and to propose new approaches, including recommendations for selection criteria that could be widely used and that would augment the efficient, appropriate and safe recruitment for new trials (Fertig et al., 2012). Clearly one single set of selection criteria would not fulfill the needs of all trials, but it would be easier to compare trial results if entry criteria and measured outcomes were similar. The workshop recommendations were intended as suggestions for a framework which could be modified as appropriate for any specific trial. The discussion focused on epilepsy trials involving primarily adults. However, lowering the age limit in general to 12 years was recommended, with the caveat that applicable preclinical and clinical safety and PK studies have been done in this age group.




  One of the roadblocks to a common set of entrance criteria for epilepsy trials is the etiologic heterogeneity of the epilepsies and epilepsy syndromes. Many trials are for add-on therapies, and stability of the current AEDs can be a problem. Another issue is that patients with other stable but chronic conditions are excluded, making the results less applicable to real-world settings. To facilitate the conduct and comparability of trials, the NINDS has developed epilepsy common data elements (CDEs) (Loring et al., 2011). These generally apply to ages 12-75, unless a pediatric population is the specific target of the study. This chapter will present recommendations from the workshop and the CDEs specifically with regard to pediatric epilepsy trials, and will give examples of criteria used in several recent NINDS sponsored studies. These will include definitions of treatment-resistant epilepsy, seizure types, and other eligibility criteria. Recently recommended outcome measures will also be presented, mainly from the NINDS common data elements, as well as suggestions to approaches to measuring quality of life as an outcome in pediatric epilepsy trials.




  Study entry criteria




  ■ Entrance criteria as recommended in the workshop




  Seizure type: Focal seizures must have a focal onset according to current ILAE criteria. At least some of the seizures must be observable. If there is no impairment of consciousness, there must be ictal EEG correlation. Primary generalized seizures must: fulfill criteria for either a genetic epilepsy or unknown cause (idiopathic); have one of the following generalized seizure types: typical absence, myoclonic seizures, and generalized tonic-clonic, with absence of other seizure types, and have an EEG or report that demonstrates generalized spike-wave of ≥ 3 Hz.




  Drug resistant epilepsy: For definition of drug resistance, the 2009 ILAE definition (Kwan et al., 2010) was used: “Failure of adequate trials of 2 tolerated and appropriately chosen and used AED schedules to achieve sustained seizure freedom”. For those trials requiring study of refractory or drug resistant epilepsy, there should be at least 2 years from the onset of the patient's treatment with AEDs, as prior to this time the prognosis and course cannot be considered intractable.




  Seizure rates: Although no minimum monthly rate was suggested, most trials exclude those with less than 3 seizures per month. This can vary depending on the study design. It is critical that the seizure rate can be counted, and that seizure diaries can be kept by the patient or a reliable observer.




  EEG, imaging: The panel recommended that for focal epilepsy an EEG is not mandatory. However, if there is an EEG pattern not consistent with focal epilepsy, then the subject should be excluded. If focal seizures are without impaired consciousness, or if there are only subjective sensory symptoms, then there must be an ictal EEG correlation. An EEG is needed to screen for focal epilepsy with secondary generalization which may clinically present as primary generalized epilepsy. EEG confirmation should be required for generalized epilepsy of genetic origin with > 3 Hz generalized spike waves. The EEG itself should meet minimum standards and include activation procedures. In general, imaging studies should be available, with MRI strongly preferred.




  AEDs: In general, patients enrolling in trials should be on a stable AED regimen for at least 28 days and be taking no more than 3 concomitant AEDs. The use of felbamate or vigabatrin, both associated with potential severe side effects, should not automatically cause exclusion. The aplastic anemia and hepatic failure that are associated with felbamate usually are seen within the first 6 months to one year, so it would be safe to include a patient who had been on the drug for at least a year (Pellock et al., 2006). For Vigabatrin, history of use for at least 2 years was recommended as most visual field changes occur between 6 months and 2 years (Kalviainen & Nousiainen, 2001) with documentation of visual field examinations would need to be available.




  Psychopathology: If there is any psychiatric comorbidity which is unstable, and changes may be needed in medication, exclusion from a trial is probably warranted. However, a condition such as depression that is stable on medication should not be a cause for exclusion. The issue of suicidality is of critical relevance due to the potential for exacerbation by AEDs as per the current FDA warning. Therefore it was recommended that patients with a history of a suicide attempt within the past two years, a history of multiple attempts, or with any active suicide plans or ideation in the most recent 6 months should be excluded and referred for clinical psychiatric care if this is not already in place. In addition, psychiatric, neurological, or medical comorbidities that could impair the subject's ability to follow study procedures would be reason for exclusion.




  Other abnormalities: The group recommended that there be no limitations on BMI or weight unless there is a pharmacokinetic reason (e.g., lipid solubility). Exclusion for abnormal blood values should be only if they are clinically relevant, for example in the case of new onset elevation of LFT's. Abnormalities such as chronic anemia or mild hyperglycemia should not be cause for automatic exclusion.




  ■ Entrance criteria used in the Childhood Absence Epilepsy trial




  A double-blind, randomized controlled trial of the efficacy and tolerability of initial monotherapy for children with newly diagnosed childhood absence epilepsy compared 3 medications: ethosuximide, valproic acid, and lamotrigine (Glauser et al., 2010). The primary outcome was freedom from treatment failure at week 16 or week 20. The secondary outcome was evidence of attentional dysfunction on the Conners' continuous performance test at the 16 or 20-week visit or earlier if treatment was discontinued. Calculations of sample size were based on the ability to detect a 20% difference in freedom from failure rates at 16 weeks.




  This study enrolled children ages 2.5 to 13 years who met the following entry criteria: 1) new onset childhood absence epilepsy diagnosed according to the ILAE classification; 2) bilaterally synchronous and symmetric spike waves of 2.7 to 5 Hz with a normal background, and at least one seizure lasting 3 seconds or greater on a one hour waking video EEG; 3) weight at least 10 kg, BMI < 99%; 4) normal CBC and serum levels of aspartate aminotransferase and alanine aminotransferase and serum bilirubin. The girls enrolled had to be premenarchal.




  Additional exclusion criteria were: AEDs for ≥ 7 days before randomization, history of another nonfebrile seizure type, a history consistent with juvenile absence (later onset, less frequent absence seizures, more frequent generalized tonic-clonic seizures, and higher frequency (> 3Hz) generalized spike wave discharges) or myoclonic absence epilepsy (e.g., generalized tonic-clonic or myoclonic seizures), a history of severe skin reaction to medication, a history of ASD or major psychiatric disorder, or a history of a clinically significant medical condition. Baseline neuropsychological measures were: Age-appropriate Conners Continuous Performance Test (CPT-II for children ≥ 6 years, and K-CPT for children 4-6 years (Conners, 2002); standardized tests of verbal and nonverbal (Wechler 2003, Brown et al., 1997) intelligence, vocabulary (Dunn & Dunn, 1997), learning skills (Sheslow & Adams, 2003), visual-motor integration (Beery et al., 1997), executive function (Heaton et al., 1993), academic achievement (Wilkinson, 1993; Woodcock et al., 2007), behavior (Achenbach & Rescorla, 2001), and quality of life (Sabaz et al., 2009).




  ■ Entrance criteria used in the ERSET trial




  The question of whether early epilepsy surgery is beneficial to patients with intractable seizures was addressed by the early randomized surgery epilepsy trial (ERSET) (Engel et al., 2010). This was a multicenter randomized controlled parallel group clinical trial of patients with mesial temporal lobe epilepsy (MTLE) who were 12 years old or older with disabling seizures for no more than 2 consecutive years following adequate trials of at least 2 AEDs. In addition, for subjects to be eligible they had to be candidates for surgical resection based on a standardized presurgical evaluation protocol.




  The intent of this study was to enroll teenagers and young adults, who had been considered to have intractable epilepsy for a relatively short period of time. Subjects were to have been within a 2-year window of a diagnosis of pharmacoresistance. This concept is difficult to apply as TLE often has a stuttering course. In this study, the definition of pharmacoresistant was “persistent disabling seizures despite prior trials of at least 2 AEDs, one of which had to have a monotherapy indication.” Persistent was defined as: “a) on average at least one day every 2 months when at least one seizure occurred; and b) no more than 6 months between seizures during the 2 years prior to enrollment.” In order to make sure that the cohort enrolled was early in the course of intractability, if patients had active epilepsy prior to this 2-year period, there had to be no period of pharmacoresistance for 2 consecutive years or more. Additional exclusionary criteria were more than 4 secondarily generalized seizures per year for more than 3 years, or more than 1 incident of nonfebrile status epilepticus.




  The definition in this study of “disabling” seizures was: seizures that resulted in loss of awareness, e.g., complex partial or generalized tonic-clonic, or a change in behavior that interfered with ability to carry out usual activities or were noticeable to others. Seizures that were simple partial that were noticeable only to the patient and during which patients could carry out usual activities did not qualify as disabling.




  This was a study of patients with a specific seizure type, but additional types of seizures were allowed. Postictal confusion after complex partial seizures was a requirement. If auras were reported, they had to exclude primary sensory symptoms but could include autonomic, psychic, olfactory, gustatory or nonspecific somatosensory symptoms. Other exclusions were a history of serious cerebral insult after age 5, a progressive neurological disorder, nonepileptic psychogenic seizures, or any focal neurological deficits.




  Seizures were diagnosed as mesial temporal lobe by history but confirmed using video EEG monitoring. EEG criteria for exclusion were contralateral or extratemporal ictal onsets, persistence of extratemporal or strongly contralateral focal interictal spikes or slowing, or generalized interictal spikes.




  An additional feature of the study was the use of a baseline daily seizure log for one month which allowed confirmation of reported seizure frequencies. Also, baseline QOL and psychosocial measures were obtained.




  There was adjudication by a central EEG committee. Ictal semiology was classified as: ipsilateral onset temporal lobe seizures, extratemporal onset of seizures, or contralateral onset. There were 4 types of seizures included:




  

    	Simple partial seizures without impairment, that is with no alteration of consciousness, not noticeable by an observer, and not interfering with normal activities. This type of seizure could also be called an aura.




    	Simple partial seizures with impairment of activities that may be noticeable by an observer, but without any alteration of consciousness.




    	Complex partial seizures that do involve an alteration of consciousness, but do not progress to bilateral tonic and/or clonic motor involvement.




    	Secondarily generalized seizures with alteration of consciousness and progression to bilateral tonic and/or clonic movements.


  




  Baseline evaluations: EEG: Video EEG monitoring was done in inpatient units using standard 10-20 electrode placements.




  Neuroimaging: MRI scans and PET scans were interpreted at each site but then were also reviewed by a central committee. Central adjudication was used for any conflicting interpretations.




  Neuropsychological testing was done at baseline, 1 and 2 years. Because in the ERSET study the youngest subjects were age 12 years, the battery focused on adult testing. Tests of memory used were: the Rey auditory verbal learning test (Schmidt, 1996), Wechsler scale-revised, logical memory subtest (Wechsler, 1987) and BRIEF visuo-spatial memory subtest-revised (Benedict, 1997). Test of word finding used: Boston naming test (Kaplan et al., 2001). Attention: Digit span (Wechsler 1997), Trail making test and motor speed: grooved pegboard (Strauss et al., 2006).




  Psychopathology: screening at baseline was done using the Achenbach child behavior checklist (CBCL) (Achenbach, 1991) and the mini international psychiatric interview (MINI) (Sheehan et al., 1994) for those ages 16 and over. For those under age 16, the Kiddie schedule of affective disorders and schizophrenia (K-SADS) was used. (Kaufmann et al., 1997). A summary diagnosis was made using both parent and subject responses to these questionnaires. If any psychiatric diagnosis was suspected, a psychiatric interview was performed with the MINI addendum.




  Outcome variables




  ■ CAE trial




  The primary outcome was the rate of freedom from failure; failure criteria were persistence of absence seizures, a generalized tonic-clonic seizure at any time, significant drug related systemic toxicity (i.e., platelet count < 50,000/cmm, absolute neutrophil count < 500/cmm, liver enzymes > 10 times upper limit, moderately severe rash, pancreatitis, or increased BMI > 3x baseline), or withdrawal initiated by a parent or physician. The secondary outcome was attentional dysfunction as measured by the Connors Continuous Performance Scale.




  ERSET




  In most pediatric epilepsy trials, seizure reduction is the entire or a component of the primary outcome, often measured as median percent reduction in seizure frequency from baseline, or alternatively as the percentage of patients who have a specific reduction in seizure frequency from baseline, i.e., a responder rate. In the ERSET trial, the primary outcome variable was freedom from disabling seizures. This was determined in the second year of follow up, using patient reported seizure logs and report forms. There was a seizure adjudication committee that reviewed all new seizure types that occurred during follow up and classified them. The secondary outcome was overall seizure frequency and frequency by seizure type. Other secondary outcomes were health related quality of life scales, which were done at baseline and again at 6 months. Other questionnaires and ancillary measures of cognitive function, with questions regarding medical issues, employment, education, use of community support, and driving were used.




  Recommendations for neuropsychological outcome measures from the ninds common data elements




  There are a large number of recommended neuropsychology instruments for ages 6-16 years as well as ages ≤ 5 years from the NINDS Common data elements: http://www.commondataelements.ninds.nih.gov/epilepsy.aspx#tab=Data_Standards.




  Also see: http://www.commondataelements.ninds.nih.gov/epilepsy.aspx#tab=Overview




  The following section on neuropsychological outcomes summarizes information found on these websites. Neuropsychological evaluation in children must take into consideration the developmental trajectory, so is more complex that the evaluation of adults. The NINDS CDEs cover relevant cognitive domains across a variety of pediatric epilepsy syndromes. The recommended tests are for use by appropriately trained psychologists or neuropsychology technicians under appropriate supervision. (Loring et al., 2011; Loring & Hermann, 2011).




  Testing for the 6-16-year old range




  ■ Intelligence Quotient (IQ)




  It is important to formally assess IQ in children with pediatric epilepsy because there is a high rate of disability and because IQ is important in assigning school resources and accommodations. Formal IQ tests recommended: the Wechsler intelligence scale for children (WISC-IV, fourth edition) or Wechsler abbreviated scale of intelligence, or a WISC-R short form. There is also a Spanish version. This is the most common test of general cognitive ability. Included are measures of working memory and processing speed. The fourth version no longer includes VIQ or PIQ summary scores. Instead there are four factor based scales: verbal concept index, working memory index, perceptual reasoning index, and processing speed index. This test is sensitive to epilepsy-related cognitive problems in clinically referred children with a high seizure burden, and is sensitive to verbal expressiveness, working memory, and processing speed issues. The WASI uses 4 subtests to generate FSIQ, VIQ and OIQ scores. It can span all the way from 6 to 89 years and so has an advantage for studies of both adults and children. However, the scores do not include working memory or processing speed, and both of these are more sensitive to both disease and treatment effects. The CDE's recommend that the WASI VIQ and PIQ be considered as comparable to WISC-IV VCI and PRI, and that a general ability index be calculated.




  ■ Learning and memory




  There is a children's memory scale such as the California Verbal Learning Test for Children (CVLT-C) is a learning task containing words that can be associated in categories. There are five learning trials of 15 words each, followed by a single trial. After that, recall of the initial word list is requested, so the measures obtained are a learning score, which is the sum across the five trials, and also a measure of delayed free recall. There is also the pediatric Rey Auditory Verbal Learning Test (AVLT), but there is no information about one being more sensitive than the other and the CVLT-C was recommended because it covers a larger age range. The alternative test for adolescents, particularly in the 15-17 age range, is the AVLT. A Spanish version of the CVLT is available.




  ■ Language




  Language function in children requires grammatical as well as lexical knowledge, and requires specialized assessment. Epilepsy may have a broad impact on the child's ability to communicate, and this may negatively affect academic and social development. A recommended and commonly used specific test for language is the Boston Naming Test, which also has a Spanish version. This is sensitive to naming problems following surgical resection of the language dominant hemisphere. Some studies have suggested this test is sensitive to linguistic impairment associated with TLE. Other measures from this test include the number of semantic and phonemic cues, and the response latency. This test works well for children ages 5-13. An additional language test is the Controlled Word Association Test, which assesses verbal fluency, but may also be used as a measure of executive function. To assess grammatical and pragmatic aspects of language development, the Clinical Evaluation of Language Fundamentals, 4th Ed. (CELF-4) can be used. This also has a Spanish language version.




  Generative language fluency is important not only to language but also to executive function. One way to test this is phonemic fluency, which requires asking the child to generate as many words as possible that start with a specific letter of the alphabet. This is done in three 60-second trials. Because the most common letters used are F, A, and S, this test is often called the FAS test. The Spanish version of this test uses the letters PMR, to adjust for the more common frequency of words in that language. In cases involving temporal lobe dysfunction, semantic memory in language may be more affected. The most common fluency task is animal naming, or alternatively naming fruits and vegetables. An optional language task is the CELF-4, used from 5-21 years of age. It is a stepwise approach that allows for flexibility and decreases assessment time. The first level is a screen for language disorders, and subsequent levels are more specific for affected modalities and content areas, working memory, and phonological awareness, with testing of more applied aspects of language. This test is available in Spanish. Interrater reliability is good, and sensitivity and specificity for language disorders is high. However, the CELF-4 has not been demonstrated to identify epilepsy-specific language disorders and the incremental value for naming and expressive vocabulary beyond the Boston naming test and the WISC-IV vocabulary subtest is not demonstrated.




  ■ Executive function




  An important element of the pediatric evaluation is executive function. This includes a diverse set of cognitive processes such as planning, initiation, inhibition, sustained attention, working memory, and task alteration. These depend primarily on the functional integrity of the frontal lobes but impairments can be seen in other brain lesions. The best test for this is Trail Making, A and B, which test visual attention and mental flexibility. Trails B is considered more sensitive to executive function deficits but should not be given alone because that alters the task demands without getting the practice effects associated with first completing trails A. Both take less than 10 minutes to administer. Administering both parts is recommended, and there is a Spanish version. This task is widely used and it is sensitive not only to diffuse dysfunction but also to the effects of AEDs. In one study, completion time of this test was sensitive to the tapering of topiramate, which has known cognitive side effects (Kockelmann et al., 2003). A parent questionnaire that assesses executive function in children in the home is the behavior rating inventory of executive function (BRIEF). It can be completed by parents or teachers, and has a Spanish version.




  The Wisconsin Card Sorting Test (WCST) assesses the ability to abstract and shift cognitive strategies; the sorting principles shift at various points during the test. It is sensitive to frontal lobe structural lesion and in some studies has been able to discriminate between deficits in frontal and temporal lobe epilepsy (Piazzini et al., 2008). There are practice effects so use over longitudinal studies is not recommended. It takes 15-30 minutes to administer, but the 128 card version can be given in a shorter version of 64 cards. It is considered optional.




  ■ Attention




  Measures of auditory attention include the digit span subtest from the WISC-IV which assess both backward (working memory) and forward (apprehension) digit spans. These take 5-7 minutes to administer. Norms are available for ages 6-16. The Connors Continuous Performance 2 Version 5 (used in the CAE trial) is a computerized version of attention and impulsivity that reflects, in part, inhibitory control. It is often used for ADHD. The test of variable attention (TOVA) may be more suitable for younger or lower functioning children as it does not use letters, but rather non language geometric forms. There are 2 types of tasks; one that assesses inhibitory processing with a frequently occurring target, and one that measures boredom with an infrequently occurring target. This requires about 22 minutes longer than the CPT-II. The WCST assesses the ability to abstract and to change cognitive strategy. It is subject to substantial practice effect.




  ■ Psychomotor speed




  Slowing of cognitive speed is a common complaint in pediatric epilepsy, and with AEDs (Loring et al., 2007). It can persist even after remission of epilepsy (Berg, 2008). Part of the WISC-IV can be used to assess psychomotor speed, the Processing speed index (PSI) which has 2 subtests, coding and symbol search, and though it is part of the standard IQ test it can be used individually; it is scored as the performance on the coding and symbol search Wechsler subtest. Measures of pure motor speed such as finger tapping or reaction time are not widely used and have little normative data. The grooved pegboard test may be more sensitive to lateralized brain impairment and has been used in epilepsy studies.




  ■ Behavior rating scales




  In pediatric epilepsy patients, behavioral and psychiatric comorbidity is common. The biggest problem areas are attention, internalizing disorders, and thought problems (Plioplys et al., 2007). The primary tool is the child behavior checklist (CBCL) which is filled out by parents, who rate their child for behavior in the past six months. It yields a total composite score but also has scales of competence in social and school activities, and problem behaviors such as aggression, anxiety, depression, social problems, somatic complaints, and rule breaking behavior (Barry et al., 2008).




  In most clinical trials of epilepsy in children, the outcome of visuospatial skills is not of specific interest, these skills tend to remain stable with the exception of hemisphere surgery. The tests used, such as the Judgment of Line orientation test, the Beery visual motor integration test, and the Rey-Osterreith complex figure copy test, have greater variability than the language tests. In most cases, the Block Design subtest of the Wechsler IQ test can be used, or the WISC-IV perceptual reasoning index.




  Adaptive behaviors are a problem in many children with intractable or catastrophic pediatric epilepsies; these provide a good estimate of functional ability when IQ is not testable, and these scales can be predictive of quality of life. Possible instruments are the Vineland adaptive behavior scales II, and the adaptive behavior assessment scale-II. Easiest to use may be the Scales of Independent behavior ­ revised (SIB-R).




  Testing in the 0-5-year age range




  In the youngest children with epilepsy, neurocognitive testing may be particularly challenging. Particularly when looking at evolution of skills over time, any results must be compared to the normal developmental trajectory for age. Especially under age two years, formal developmental assessment is less reliable than in older subjects and studies usually rely heavily on rating scales completed by parents. Children with epilepsy are often behaviorally challenged and/or cognitively impaired, making testing difficult and requiring skilled examiners. However, having tests available across relevant domains can facilitate comparisons across studies and even permit aggregation of data.




  ■ Developmental level




  The tests recommended and most widely used in this age range are the Wechsler preschool and primary scale of intelligence (WPPSI-III) age range 2 years 6 months to 7 years 3 months, with time of administration from 30-50 minutes; the Mullen scales of early learning (MSEL) birth up to 68 months, with time to administer 15 minutes at age one year and up to 40-60 minutes by age 5 years, and the Bayley scales of infant and toddler development (Bayley-III), ages 1-42 months. The WPPSI-III is a comprehensive measure of general cognitive ability with verbal and nonverbal measures and including processing speed. This test is the younger version of the WISC, which is recommended for older children. Thus it is useful for longitudinal studies in which the age threshold may be crossed for the WPPSI-III. The disadvantage is that there is no short form. The Mullen scales include measures of gross motor, visual reception, fine motor expressive language, and receptive language. In the Bayley-III, fine and gross motor function, receptive and expressive language, and cognitive development are assessed. The time range is 30-90 minutes. There is no Spanish version for any of these three tests.




  ■ Learning and memory




  In the California verbal learning test, children's version (CVLT-C), verbal learning is tested with 5 learning trials of 15 words. There is then a distractor trial of a list of 15 words, then free recall of the initial word list. This yields a learning score and delayed free recall measure. This test takes about 25 minutes and there is a Spanish version. There are no tests in this age range for visual memory.




  ■ Language




  The Peabody picture vocabulary test- 4 can be used from a 30-month old developmental level up, to assess receptive vocabulary, and takes 10-20 minutes to administer. A Spanish version is reportedly under development.




  ■ Visuospatial function




  If the WPPSI-III is being used, the Block Design module can be used to assess non-verbal spatial perception and reasoning; this takes 15 minutes.




  ■ Executive function




  In the very young child, questionnaires completed by family members may be used to assess executive function. In the 2.5-5 years range, the behavior rating inventory of executive function and BRIEF-Preschool version (Gioia et al., 2000) is completed by parents and teachers, and takes about 10-15 minutes. It provides scores in emotional control, planning, organizing, inhibitory self-control, flexibility, inconsistency and negativity.




  ■ Processing speed




  The lower limit of testing for processing speed is age 4 years. To generate scores for this domain, the WPPSI-III coding and symbol search are timed non-linguistic tests that are used to transcribe symbols paired with numbers and to scan symbols to assess the presence or absence of a target. Together this takes about 10 minutes.




  ■ Motor speed




  Motor speed can be assessed using the Purdue pegboard for ages 2 1/2 years and older, however, the grooved pegboard is recommended for children over age 5 years. The Purdue pegboard does not require the child to rotate slotted pegs to fit into the pegboard. The primary measure is dominant hand time to completion; this takes 5-10 minutes. This is a nonlinguistic test and Spanish directions can be used.




  ■ Sustained attention




  In small children ages 4-5 years it is possible to measure sustained visual attention and inhibition of impulsivity over time by using the Conners Kiddie CPT. This is a computerized measure using pictures rather than letters. A version of the TOVA may be used for low functioning or preliterate children that involves pressing the spacebar in response to geometric forms on the screen. Both tests take 10 minutes or less.




  ■ Behavioral rating scales




  There is a version of the child behavior checklist that is appropriate for as low as an 18 month developmental level. It is the CBCL 1 and 1/2 to 5 and takes about 10-15 minutes for parents to do; there is a Spanish version. For adaptive behavior, the Scales of independent behavior-revised (SIB-R) is recommended because of its ease of use; it can be a questionnaire format or an interview, and parents rate their children on domains that include motor skills, communication skills, social interactions and personal and community living skills. Other adaptive scales that can be used at this age are the Vineland-II and the Adaptive behavior assessment scale Infant and preschool kit for ages birth to 5 years.




  Assessing quality of life outcomes




  The NINDS CDE website addresses quality of life outcome measures for pediatric epilepsy. The following information is taken from the NINDS Epilepsy CDE website and the excellent section on Pediatric QOL measures that was written by Joan Austin, Avital Cnaan, and Christine O'Dell, available at: http://www.commondataelements.ninds.nih.gov/epilepsy.aspx#tab=Data_Standards). They reviewed all relevant literature, and four epilepsy specific scales and three generic quality of life scales were selected. Of the generic scales reviewed, one has an epilepsy module and the other two have been used in research with children with epilepsy. In the 2012 re-review of the literature, no additional instruments were found that were being used frequently enough to be added to their recommendations.




  In general, the pediatric quality-of-life scales are newer and thus less well developed than the scales for adults. No one scale was recommended over the others for more general use (e.g., in clinical trials). All of the scales they described are relatively easy to use and involve parent-report and/or self-report. Because the epilepsy-specific instruments have primarily been developed relatively recently, additional information is especially needed on subpopulations of children with epilepsy.




  ■ Health Related Quality of Life (HRQOL) (Ronen et al., 2003)




  Developed in Canada, this covers interpersonal/social consequences; worries and concerns; intrapersonal/emotional; secrecy; and quest for normality. There is both a child (8-15 years) self-report and a parent proxy scale; each takes approximately 15 minutes. If both the child and parental scales are used, a comparison of perceptions can be made. The subscales could discriminate between children with few versus more health problems related to their epilepsy. There is only an English version (copyright 2003, International League Against Epilepsy).




  ■ Impact of Childhood Neurologic Disability Scale (ICND) (Camfield, 2003)




  This questionnaire has 11 items related to the child's or family's life during the past 3 months for epilepsy, cognition, behavior and physical/neurologic condition. It takes about 12 minutes to complete. The scale expands on the Impact of Pediatric Epilepsy Scale (IPES), which was developed by the same authors and published in 2001. This parent-report scale can be used for a wide age range (ages 2 to 18 years) of children. It is only available in English.




  ■ Quality of Life in Childhood Epilepsy (QOLCE) (Sabaz, 2000)




  This instrument developed in Australia is specific for children with epilepsy and covers 5 domains; physical function (12 items), emotional well- being (19 items), cognitive function (23 items), social function (12 items) and behavior (23 items). Two subscales cover overall quality of life and general health. Questions are answered by the parents about the previous 4 week time period. It takes 30 minutes to complete. It is sensitive to differences in seizure severity and medication effects. Most QOL subscales were ranked worse as seizure severity increased. Memory and language subscales were adversely affected by number of antiepileptic medications: It is available in English and for parental report only. One recent multicenter prospective study of children with newly diagnosed epilepsy collected data using this questionnaire at time of diagnosis and at 6, 12, and 24 months thereafter (Speechley et al., 2012). From 456 potentially eligible children, parents returned all 4 questionnaires at a rate of 62%. At least one questionnaire was completed by 283/ 374 (82%). They found absence of cognitive problems, fewer AEDs and better family environment as baseline factors that predicted better quality of life 2 years after diagnosis.




  ■ Quality of Life in Epilepsy Inventory for Adolescents (QOLIE-AD-48) (Cramer et al., 1999)




  This is a survey for adolescents, ages 11 to 17 years, with epilepsy. It contains 48 items in 8 subscales: epilepsy impact (12 items); memory/concentration (10 items); attitudes toward epilepsy (4 items); physical functioning (5 items); stigma (6 items); social support (4 items); school behavior (4 items); health perceptions (3 items). A higher total summary score (0-100 points) indicates better HRQOL. Questions pertain to the 4 weeks prior to taking the survey. It takes 20 minutes to complete. This scale has been widely used and has been translated into a number of other languages including Chinese, Portuguese, Serbian, and Spanish.




  ■ DISABKIDS: a chronic generic module (DCGM-37) with an Epilepsy Module (Simeoni et al., 2007)




  This quality of life in chronic disease tool for children 8 to 16 years was developed in seven European countries (Austria, France, United Kingdom, Netherlands, Sweden, Greece and Germany), it has seven disease-specific modules, including epilepsy and has been validated for use in the following languages: English, French, German, Dutch, Greek, and Swedish. It has a short version with only 12 questions, covering the same domains, which can be used for screening. The DISABKIDS Smiley form is available for children 4-7 years old or children who have not reached reading ability. It takes approximately 5 minutes to complete. An epilepsy module includes two scales ­ impact, which is anxiety about having seizures and the potential public stigma (5 items) and social, which assesses self-esteem (5 items), in both child and parent versions for the 8-16 year olds and a proxy/parent version for the 4-7 year olds. This tool is not used or validated in the US.




  ■ Child Health Questionnaire (CHQ) (Landgraf et al., 1996)




  This comprehensive quality of life scale has been tested in children with a variety of chronic conditions including 31 children with epilepsy. There were ceiling effects found for four subscales and test-retest reliability problems found for five subscales thus its use is limited for testing effects of interventions. There are no items specific to epilepsy.




  ■ Pediatric Quality of Life Inventory (PedsQL…) (Varni et al., 2001)




  This modular approach to measuring health-related quality of life (HRQOL) can be used in children and adolescents with acute and chronic health conditions. The PedsQL… Measurement Model covers 4 domains: physical (8 items), emotional (5 items), social (5 items) and school (5 items). The instrument takes 4 minutes to complete and is translated in multiple international languages including Spanish. There are versions for parents/guardians of children between the ages of 2 to 18 years (in 4 age groups) and child versions for all age groups except the 2-4 years old. This does not have an epilepsy specific module and it is likely that the PedsQL… will not be sensitive to change as a result of treatment of epilepsy.




  ■ Neuro-QOL




  Neuro-QOL is a multi-site NINDS funded project that has been developing clinically relevant and psychometrically robust health-related quality of life (HRQL) assessment tools for adults and children: www.neuroqol.org. Neuro-QOL seeks to incorporate patient reported outcomes of functioning, such as social, psychological, and mental well-being in clinical research and to develop psychometrically robust instruments that will be accepted by neurology clinical trials community. Domains and items have been validated for pediatric epilepsy in subjects and caregivers; these can be found on the website and can be used in clinical studies.




  Concluding remarks




  Consideration must be taken in clinical trial design that epilepsy in children encompasses many diverse syndromes, with developmental implications and different symptoms and severities of impact on behavioral and cognitive function and quality of life. Design of prevention and intervention trials will vary with the population examined and the specific questions addressed. However, having a platform of common elements for selection of entry criteria and outcome will allow for more meaningful results and comparisons across studies when this is possible based on populations and questions under study.
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  Is it possible to predict the outcome of childhood epilepsy?
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  On the day that a child is diagnosed with epilepsy, after several months or even years later, it would be highly desirable to predict what will happen for seizure control and social outcome. Prediction is a complex concept. Obviously the first question is: What is to be predicted? ­ Is it seizure control, remission with or without ongoing AED treatment, intractability, social outcome or a combination? The second question is: What is the purpose of attempting prediction and who will use the information? The third question is: How accurate is the prediction?




  Statistical modelling allows identification of risk factors for outcome. Usually risk factors are deemed important if they are associated with the outcome of interest with a probability of < 0.05 in univariate analysis. If several risk factors are inter-related then multivariate modelling can reveal which factors have the strongest association with the outcome and by default which risk factors from univariate analysis are not such powerful predictors.




  Many important health issues for populations of people are associated with statistically significant risk factors; however, it is less clear how such risk factors should be applied to individual patients. It may be complex to distinguish between statistical and clinical significance. For example, hypertension is a significant risk factor for stroke, but not all people with hypertension will go on to have a stroke and not all people with stroke have a history of hypertension. Considering epilepsy, a striking example of the tension between statistical and clinical significance is the risk of epilepsy after a febrile seizure. A simple febrile seizure has only a 2% of chance of leading to epilepsy (Nelson & Ellenberg, 1976; Annegers et al., 1987; Verity & Golding, 1991). A complex febrile seizure imparts a high statistical risk for subsequent epilepsy ­ yet the absolute risk is only 10-15% (Nelson & Ellenberg, 1976; Annegers et al., 1987). Most children who develop epilepsy after a febrile seizure do so after a simple febrile seizure, because simple febrile seizures are more common than complex febrile seizures (Nelson & Ellenberg 1976; Verity, 1991). The great majority of children with complex febrile seizures do not develop epilepsy. Obviously family anxiety will be increased if parents are told that their child is at high risk for epilepsy. This would not be such an important issue if complex febrile seizures were rare, but they account of up to 40% of febrile seizures (Nelson & Ellenberg, 1976; Verity, 1991). For febrile seizures, the gap between statistical modelling and clinical practice is potentially a very large one.




  In the clinical setting, families want to know what will happen to their individual child and are unlikely to be very interested in population risk. What level of probability is meaningful to families? For some decisions the information does not have to be highly accurate, because the consequences of the outcome are small. For example, predicting who might develop a minor tremor from valproic acid is not very important for most individual patients. For more serious consequences, the prediction of outcome is pivotal. One of our 10-year old patients developed epilepsy after a significant head injury at age 6 years. His seizures were focal involving his face but often evolved to a generalized tonic-clonic seizure. He had allergic reactions to several medications and failed seizure control with several others. We predicted that his seizures would not stop spontaneously, which lead to a decision to offer epilepsy surgery. Because he was right-handed and his video-EEG and imaging studies indicated that his seizures seemed to be arising close to Broca's area, it was decided that he would have to be awake for his procedure. On the way to the operating room he “freaked out”, shouting, screaming and crying. It was elected to cancel the surgery and wait until he was older and more mature. But that was not necessary because he never had another seizure and that was 30 years ago! No statistical predictive scheme would ever have predicted this result. It remains uncertain if the cessation of his seizures was spontaneous or somehow induced by the preoperative fright. We wonder if his outcome would have been as favorable if he had been able to cooperate for surgery.




  Prediction is particularly frustrating for patients with a first unprovoked seizure. Many studies have estimated that the overall risk of recurrence is about 50% with various factors increasing this risk to 70-80% or decreasing it to 20-30% (Berg & Shinnar, 1991; Camfield et al., 1985). The risk factors are very interesting with the most striking being neurological or intellectual deficits, focal seizures and EEG spikes. But an individual person with his/her first seizure is not helped much by this information. He/she will be told that if there is a second seizure, then the diagnosis of epilepsy will be made with all of the associated social consequences, especially around driving. The patient will learn that should there be a recurrence, it would most likely be within the next two years but until then medication is not generally indicated (Pohlmann-Eden et al., 2006). This creates a crisis of uncertainty for many, especially if the diagnosis of epilepsy would be detrimental for work or transportation. Our failure to predict accurately is distressing.




  It is also relevant to consider what level of certainty is needed for a family to make a decision or feel reassured. We think that most people do not have a strong understanding of probability and risk. A study using a standardized questionnaire surveyed the parents of 42 children with febrile seizures about medication prophylaxis (Gordon et al., 2001). There was a huge variation in the willingness of families to accept medication and side effects ­ some would accept absolutely no side effects, however minor, even if the efficacy to prevent recurrent febrile seizures was 100%. Others were willing to accept much less efficacy and much greater side effects. Another study assessed by questionnaire the level of recurrence risk that parents would accept before discontinuing AED treatment for their child (Gordon et al., 1996). These were families that faced this risk, not theoretically but in reality because their child had active epilepsy. Again there was a wide variation. Some parents would not accept a recurrence risk of 25% while others would be willing to discontinue even if the recurrence risk was 80%! Predicting those who were risk aversive was interesting. One of the best predictors was whether the parent chose the numbers of a national lottery ticket themselves or whether they “allowed” the computer to choose. Those who chose the number themselves were much less likely to accept risk. The attending child neurologist for each child was asked to estimate how much risk they thought the individual families would accept - their estimates were typically quite different from the parents' response. Thus there is considerable difference between the way physicians and parents perceive risk.




  A number of risk factors have been identified for good and poor outcome for children with newly diagnosed epilepsy (Camfield et al., 1993; Berg et al., 2011; Sillanpaa et al., 1998; Arts et al., 2004; Geerts et al., 2010). Only a few studies have justified the diagnosis of epilepsy as two unprovoked seizures (Shinnar & Berg, 2000; Camfield et al., 1985, Hauser et al., 1998). Several studies indicate that the risk of further unprovoked seizures after two is ~ 80%, but not 100%. Apparently ~ 20% of children with two seizures will never have another ­ do they really have “epilepsy” which is perceived as “an enduring tendency to have seizures”? (Fisher & Leppik, 2008)




  Once AED treatment is initiated, factors from multivariate modeling that have been independently related to remission/no remission or intractable epilepsy have included: co-morbid intellectual or neurological deficits, age of onset < 1 year or > 10-12 years, frequent early seizures, failure of the first AED, an MRI lesion and remote symptomatic etiology (Camfield et al., 1993; Sillanpaa, 1998; Arts et al., 2004; Geerts et al., 2010; Berg et al., 2011; Wirrell et al. 2011). None of these factors on their own or in combination are absolute for prediction of remission or intractability.




  In the Nova Scotia Childhood Epilepsy study we identified all of the children in our province who developed epilepsy between 1977-85 (Camfield et al., 1993). We then selected 504 patients with epilepsy characterized by focal or convulsive seizures and attempted to predict remission. Eight years later 54% were in remission (seizure-free and no longer receiving AED treatment). In multivariate modeling factors that were predictive of remission were: normal intelligence, < 21 seizures prior to treatment, no neonatal seizures and age of onset < 12 years of age. After 12 months of treatment, an additional factor became significant ­ the number of seizures during the first 12 months on treatment. We then developed a scoring system for these factors, although the results could be seen in a simple way. If there were no adverse factors > 80% entered remission. If there were? 1 adverse factors the chance or remission was reduced to 40%. This schema was equally effective in predicting outcome when applied to the Finnish childhood epilepsy cohort (Sillanpaa et al., 1995). While these data produced very impressive survival curves, what do they mean to individual patients?




  We have pursued this theme with our Dutch colleagues. We combined the Nova Scotia and Dutch childhood epilepsy cohorts to allow a study of 1,055 children with all types of new onset epilepsy and a minimum of 5 years of follow up (much longer in the majority) (Geelhoed, 2005). Then we developed multivariate and recursive tree models to attempt to predict outcome. This time we also included broad groupings of epilepsy syndromes based on the 1989 ILAE classification scheme (ILAE Classification Committee, 1989). We used a random selection of 50% of the cases to develop the prediction models and then applied the models to the other 50% to study the accuracy of our predictions. In multivariate modeling, the factors that were significant included: seizure number before treatment, age of onset < 12 years of age, absence seizures, symptomatic partial seizures, neurological deficit, intellectual handicap and an interaction term with cryptogenic partial + febrile seizures. The recursive tree model came to different conclusions ­ the epilepsy syndromes of cryptogenic generalized, symptomatic generalized and symptomatic partial were identified as having a poor outcome while the syndromes of idiopathic generalized, idiopathic partial, cryptogenic partial and unknown were predicted to remit provided the age of onset was ≤ 12 years. When the onset in this latter group was > 12 years, the outcome was predicted as poor.




  These predictive factors were not unexpected based on previous studies but the novel feature of our study was the assessment of accuracy. Two types of error may occur with prediction of outcome for an individual patient. Some patients will be predicted to remit but fail to do so ­ their epilepsy will persist. Others will be predicted not to remit, but somehow their clinical course is more optimistic and remission occurs. Overall, at the end of follow up of the Dutch and Nova Scotia cohorts about 60% of patients were in remission and 40% were not. Based on our statistically robust modeling exercise, we were correct in our predictions in 70% of children but incorrect in 30%. Errors were nearly equal in both directions ­ incorrect prediction for good outcomes and bad outcomes. Prediction was incorrect for about one-third of individual patients, which represents disappointing accuracy for clinical practice involving an individual patient.




  We conclude that based on currently available clinical data, accurate prediction of outcome for most children with epilepsy is impossible on the day of diagnosis or after 6 months of treatment.




  There are few exceptions based on epilepsy syndrome diagnosis. The outcome is virtually 100% remission for benign rolandic epilepsy and Panayiotopoulos syndrome (Bouma et al. 1997, Ferrie et al., 2006). The outcome is virtually 0% remission for syndromes such as Lennox-Gastaut, Ohtahara, epilepsy of infancy with migrating focal seizures, Dravet syndrome, epilepsy with myoclonic absences, Rasmussen syndrome, gelastic seizures with hypothalamic hamartoma, progressive myoclonus epilepsies (PME) and autosomal-dominant nocturnal frontal lobe epilepsy (ADNFLE). However, note that this collection of syndromes includes no more than 30% of childhood epilepsy (Camfield & Camfield, 2003). All other syndromes have an intermediate prognosis ­ some remit, some do not.




  Prediction of social outcome also remains elusive. In the Nova Scotia study we were unable to find a useful statistical model for social outcome (Camfield et al., 1993). Children with specific learning disorders seemed to be at higher risk of poor social outcome, while those with only simple partial seizures were more likely to have a good outcome. However, most of the statistical variance was not accounted for by either of these factors. In the population-based study from Finland of Matti Sillanpaa, we assisted in the analysis of a 30-year follow up of 100 patients with “epilepsy only” compared with two carefully chosen control groups (Jalava et al. 1997). Patients had “epilepsy only” if seizures were thought to be their only neurological problem. In this special group those with persistent seizures and/or AED treatment were less likely to be socially successful than those in remission and off AED treatment. However, there were many exceptions.




  Should we abandon our attempts to predict outcome?




  

    	No, these efforts are informative for future studies that may further refine risk. For example, we know that 15% of children with childhood absence epilepsy will develop juvenile myoclonic epilepsy (Wirrell et al., 1996). Learning how to predict this outcome by whatever means probably would be useful.




    	No, these efforts may guide families somewhat. We need to continue to be aware that our predictions at the time of presentation are not very good. Families will continue to ask about the outcome, although it remains unclear if they will be happier with a more exact prediction. In our experience, families with a child diagnosed with Benign Rolandic Epilepsy usually seem to benefit from knowing about the good outcome ­ but this “sense” has never been formally studied. Some families remain persistently anxious and “over-protective” even though we had explained that SUDEP would not occur, that there would be few seizures and no brain injury, and that remission would occur in adolescence and that social outcome should be good (Peters et al., 2001).




    	No, some outcomes are disastrous ­ surely we should continue to try to identify those at risk for epileptic encephalopathies and intractable focal epilepsy.




    	No, a more integrated effort to predict social outcome would be very valuable ­ after all what could be more important?


  




   




  What will it take to find our way to accurate predictions?




  It is clear that the currently available clinical factors and results from investigations are very unlikely to be the source of more accurate prediction. Brain imaging needs more study but this is difficult because MRI techniques in particular are changing rapidly. The magnet field strength is increasing and specific sequences reveal more lesions. The sophistication of interpretation of MRI also varies a great deal (Sørensen et al. 2001). Currently available data indicate that the prediction of outcome is not certain even if there is a single lesion on MRI that is convincingly the cause of the epilepsy. Studies from both Olmstead County Minnesota and Connecticut indicate that children with focal, “causative” MRI lesions still have a 30% chance of long-term remission with medical (non-surgical) treatment (Berg et al., 2010; Wirrell et al., 2011).




  Genetic investigations are unlikely by themselves in the near future to be sufficiently predictive to be useful for most patients. Perhaps one of the best examples to support this contention occurs in a family with a dominantly inherited GEFS+ syndrome from an SCN1A mutation. Approximately 20% of those inheriting the SCN1A mutation have no seizures at all, 30% have only febrile seizures, and 30% have a variety of mild epilepsy types; however an occasional family member has catastrophic Dravet syndrome (Singh et al., 1999). The modifying factors remain obscure for the variable phenotypes that result from a single SCN1A mutation.
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