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Abstract

:

Childhood absence epilepsy (CAE) is a common pediatric generalized epileptic syndrome. Although it is traditionally considered as a benign self-limited condition, the apparent benign nature of this syndrome has been revaluated in recent years. This is mainly due to the increasing evidence that children with CAE can present invalidating neuropsychological comorbidities that will affect them up to adulthood. Moreover, a percentage of affected children can develop drug-resistant forms of CAE. The purpose of this review is to summarize the most recent studies and new concepts concerning CAE treatment, in particular concerning drug-resistant forms of CAE. A Pubmed search was undertaken to identify all articles concerning management and treatment of CAE, including articles written between 1979 and 2021. Traditional anticonvulsant therapy of CAE that is still in use is based on three antiepileptic drugs: ethosuximide which is the drug of choice, followed by valproic acid and lamotrigine. In the case of first line treatment failure, after two monotherapies it is usual to start a bi-therapy. In the case of absence seizures that are refractory to traditional treatment, other antiepileptic drugs may be introduced such as levetiracetam, topiramate and zonisamide.
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1. Introduction


Childhood absence epilepsy (CAE) is a common pediatric generalized epileptic syndrome that affects between 10% to 17% of all school-aged children diagnosed with new onset epilepsy [1]. It is defined by the presence of multiple daily typical absence seizures that are characterized by a sudden interruption of on-going activities, possibly an upwards rotation of the eyes and a blank stare with impaired consciousness [2]. These episodes of altered awareness can be activated by hyperventilation or photic stimulation and are characterized by generalized symmetrical and synchronous spike-wave discharges at 3 Hz or more on electroencephalogram (EEG) [2], usually lasting between 9 and 10 s [3].



The first descriptions of CAE date back to the last century in German medical literature and in 1916 Sauer presented the term pyknolepsy, from the Greek word piknoz (πικνός), meaning “very frequent or grouped”, to describe absence seizures with daily recurrences [4]. The typical age of onset is between 6 to 7 years but it can also be observed between 4 to 10 years of age in patients with a normal psychomotor development and without a particular personal or family history for neurologic diseases [5].



Recent studies have also shown a possible association of absence seizures and other epileptic syndromes such as idiopathic occipital epilepsy, Gastaut idiopathic occipital epilepsy [6], West syndrome, myoclonic epilepsy of infancy and benign epilepsy with centro-temporal spikes [2,7,8,9].



Most of the molecular-genetic studies on CAE have failed to precisely identify its genetic pathways that could be particularly useful for precision therapy [10]. However, the newest science frontiers are constantly trying to describe the genetic variants associated with this epilepsy, in order to improve disease risk predictability. In particular, most of the genes associated with CAE are ion channel genes (calcium channel, GABA receptor, acetylcholine receptor etc.); in detail, genetic investigations in patients with CAE have demonstrated the role of the calcium channel genes CACNA1H, CACNA1G and CACNG3 along with GABA A and B receptor genes [11,12]. Moreover, absence seizures result principally from disruptions in thalamocortical pathways involving T-type calcium channels and antiepileptic drugs effective against absence seizures among other mechanisms, exert their effect principally at these channels [13]. In fact, recent studies have focused their attention on pretreatment connectivity in children diagnosed with CAE, with the objective of providing clearer insights into antiepileptic drug response variability for these patients [14].



Although CAE is traditionally considered a benign self-limited epilepsy syndrome, data from the multicenter Childhood Absence Epilepsy Study Group have led to the review of this notion [15,16]. During the past years, the apparent benign nature of the syndrome has in fact undergone many contradictions on a few basis, mainly the possibility of treatment failure (5–10% of patients) and the evidence of considerable psychosocial difficulties that can be found up to adulthood [17,18].



In particular, attention deficits are observed in about 1/3 of the patients and there is an increased risk of cognitive disorders [17]. In light of this new knowledge, as already performed for children with other forms of epilepsy [19], it is fundamental for patients with new onset absence epilepsy to undergo neuropsychological assessments and treatment. The reason for an early cognitive dysfunction in CAE remains unclear but cognitive side effects should be taken into consideration in the choice of antiepileptic treatment with a specific assessment during follow up [5].



CAE diagnosis is often straightforward and highly suspected in school-aged children who present with brief multiple daily episodes of staring without memory of the event or ability of caretakers to interrupt the episodes [20]. Episodes can be classically activated by hyperventilation; doctors can evoke this kind of seizure and furthermore, parents can evoke a staring spell even during telemedicine consultations that have become more and more necessary during the past year [20].



Diagnosis is then confirmed by a routine electroencephalography (EEG) before beginning treatment and to diagnose CAE, only typical absences have to be registered. The presence of other types of seizures (tonic-clonic generalized seizures, atypical absences etc.) rules out a diagnosis of CAE. On EEG the typical findings are a bilaterally symmetrical and synchronous discharge of 3-Hz spike wave complexes with an abrupt start and ending [1]; the background EEG track has a normal and well organized rhythm. If the clinical symptoms and the electrical pattern are typical, there is no differential diagnosis from CAE. However, if there is a poor response to classical CAE treatment or in the suspicion of precocious absence epilepsy (before 3–4 years of age), the initial diagnosis must always be revaluated. In fact, especially in younger children, 10% of poor responders have been found to have a deficit in the type GLUT-1 glucose transporter [21]. This diagnosis can be confirmed through a lumber puncture with glycorrhachia measurement and contemporary measurement of venous glycemia, along with genetic studies of the SLC2A1 gene [5].



Traditional prophylactic anticonvulsant therapy of CAE is based on three antiepileptic drugs: ethosuximide (ETX), valproic acid (VPA) and lamotrigine (LTG) [22] and in particular, the 2010 childhood absence epilepsy study provided class I evidence for the use of ETX as the optimal initial treatment of CAE [15,23]. In the case of first line treatment failure, after having reconsidered and confirmed the initial diagnostic suspect, after two monotherapies it is usual to start a bi-therapy (for example the association of VPA and LTG) carefully watching out for adverse effects [5]. In the case of absence seizures that are refractory to traditional treatment, other antiepileptic drugs may be introduced such as levetiracetam, topiramate and zonisamide [24,25,26].



The purpose of this review is to summarize the most recent studies and new concepts concerning CAE treatment, to highlight areas of consensus as well as areas of uncertainty concerning this “not so benign” common childhood epileptic syndrome. In particular, the objective of this paper is to provide an updated overview of the current knowledge concerning CAE treatment. We hope this paper is of easy access to health-care providers dealing with CAE patients. We focalize our attention on the treatment of refractory CAE also underlining that current knowledge concerning these forms is extremely scarce and that further studies are needed in this direction given the “not so benign nature” of this disease. We sincerely hope this paper will be helpful in the development of CAE treatment guidelines.




2. Materials and Methods


This article provides an updated overview of the principal therapeutic options for childhood absence epilepsy. A thorough Pubmed search indexed for MEDLINE, Pubmed and EMBASE was undertaken to identify articles concerning management and treatment of CAE, including articles written between 1979 and September 2021. The main keywords used were: childhood absence epilepsy treatment, along with absence seizures, epilepsy treatment, antiepileptic drugs and resistant epilepsy. In particular, a non-systematic identification through Pubmed, MEDLINE, and EMBASE was performed and around 300 papers were initially screened for information relevant to this review. Forty-four of these papers were then selected according to the following inclusion criteria: available full text in either English or French, focus on CAE treatment in the pediatric population and the latest (in the last 10 years) published papers were preferred over previously conducted studies. Original articles, metanalysis, guidelines and systematic reviews along with narrative reviews were preferred over case reports. Publications containing data that were not relevant for the purpose of our review were excluded from our search.



The list of references of all the relevant articles was also studied to include all relevant scientific papers connected with the subject and this led to the inclusion of another 27 articles for a total of 71 articles.



The date of our last search was September 2021. Figure 1 shows the selection of studies flowchart.




3. Childhood Absence Epilepsy Therapeutic Options


3.1. First Line Treatment


In the last 10 years, various studies have been carried out to compare the different molecules proposed for CAE treatment. However, there are very few randomized trials in literature to guide treatment strategies for CAE. Glauser et al. in 2010 [15] performed a double blind randomized controlled trial comparing the use of ethosuximide, valproate and lamotrigine. A total of 453 children aged between 4 and 10 years with a new diagnosis of CAE were enrolled and were randomly assigned to treatment with ETX, VPA or LTG. The principal outcome that was studied was the freedom from seizures after 16 weeks of treatment and the absence of major adverse effects. The results of this study showed that the freedom from seizures rates of ETX and VPA were similar (53% and 58% respectively, p = 0.35) and higher than those of LTG compared to the other two drugs (29%, p < 0.001). However, post treatment attention disfunction was more frequent in patients treated with VPA rather than ETX (49% versus 33% respectively, p = 0.03) and patients treated with VPA also presented problems related to weight gain in the following months, causing discontinuation of therapy. ETX was therefore considered the drug of choice as initial therapy for CAE [27]. This was also confirmed by Berg et al. in 2014 [28] who demonstrated a higher complete remission rate over 5 years in patients treated with ETX rather than VPA. A recent Cochrane review [29] confirmed these data adding that concerning efficacy and tolerability, ETX represents the optimal initial empirical monotherapy for CAE patients but in the case of coexistence of absences and generalized tonic-clonic seizures, VPA is the drug of choice as ETX has no effect on tonic-clonic seizures. LTG on the other hand, can be preferred if VPA is not considered the drug of choice for a specific patient. To summarize, ethosuximide, lamotrigine and valproate are the principal antiepileptic drugs used to treat children and adolescents with childhood absence epilepsy [30].



3.1.1. Ethosuximide


Ethosuximide (2-ethyl-2-methyl-succinamide) is the drug of choice for classical CAE with simple absence seizures as it does not suppress focal onset or generalized tonic-clonic seizures [23]. Its mechanism of action is not well defined but seems to be based on the blockade of transient, low-threshold calcium currents produced by the thalamus, that cause the synchronous activation of spike wave discharges causing absence seizures [31]. The recommended dosage for CAE is an initial dose of 10–15 mg/kg/day, maintained at 20–30 mg/kg/day divided in two doses (maximum dose 40 mg/kg/day) [23]. Various oral formulations exist (syrup, capsules) and when used in association with other anticonvulsant therapies, it is important to take into consideration its susceptibility to the effects of enzyme inducing and inhibiting antiepileptic drugs [32]. This can happen for example when associating ETX and VPA. The principle side effects of ETX include gastrointestinal disturbances (abdominal discomfort, nausea, vomiting, diarrhea), headache, drowsiness and much rarer side effects such as behavioral and psychiatric disturbances, blood dyscrasias and allergic reactions [23].




3.1.2. Valproic Acid


One of the greatest concerns for pediatric neurologists is to differentiate classic isolated CAE from other forms presenting also with generalized tonic–clonic seizures. This is one of the prevailing reasons to start child treatment with either VPA or LTG as first line treatment, instead of ETX [33]. Valproic acid (N-dipropylacetic acid), is a broad spectrum antiepileptic drug with pre and post-synaptic effects that depend on a very broad spectrum of actions [34], including the regulation of ionic currents and the facilitation of inhibiting GABAergic over glutamatergic transmission. The initial dosage for all oral formulations is 10–15 mg/kg/day, maintained at 20–40 mg/kg/day divided in two doses (maximum dose 60 mg/kg/day) [23]. Contrary to ETX, one of the main problems and causes of discontinuation with VPA therapy are the numerous potential side effects, some of which are dose-related whereas others are idiosynchrasic. In particular, even Glauser et al. in their 2010 trial [15] showed that valproic acid negatively affected patients attention to a greater degree than the other tested drugs. This confirmed that persisting attention problems and neuropsychological dysfunction are an important feature of this syndrome that must be precociously identified when choosing an appropriate antiepileptic treatment [35]. Among the most frequently reported side effects of VPA are increased appetite and weight gain along with the rarer but well known possible occurrence of pancreatitis and hepatic failure [36]. Other potential metabolic side effects include hyperammoniemia, hypothyroidism, hair loss polycistic ovary syndrome and teratogenicity [34]; thrombocytopenia and depletion of coagulation factors can be another dose-dependent side effect of VPA that must be remembered in the case of surgery [23].




3.1.3. Lamotrigine


Lamotrigine acts through blockage of voltage-dependent sodium channels; it also stabilizes presynaptic membranes and inhibits the release of excitatory neurotransmitters, especially glutammate and aspartate [37]. As we have previously underlined, the 2010 double blinded randomized CAE trial [15] has somehow downgraded the use of LTG as first line monotherapy for CAE as the seizure freedom rate after 12 months was lower in patients treated with LTG compared with those treated with ETX or VPA. Moreover, discontinuation for lack of efficacy was more frequently observed in the group treated with LTG. In fact, LTG had previously been considered among first line treatment for CAE and the seizure freedom rates concerning this drug had been reported between 50% and 80% [22,38,39]. However, LTG can be considered as a second monotherapy in the case of ETX failure and VPA is not the appropriate drug for certain patients. For patients not taking other antiepileptic drugs the initial dosage for all oral formulations is 0.6 mg/kg/day, maintained at 5–12 mg/kg/day (maximum dose 300 mg/day) [23]. The initial dosage is very low, and titration must be achieved very slowly over many weeks to avoid Stevens–Johnson Syndrome, a rare but life-threatening adverse effect of this drug. On the other hand, LTG is generally well tolerated and there is a lower risk for cognitive adverse effects compared to VPA although diplopia, dizziness and ataxia have been reported [40].





3.2. Associations of Antiepileptic Drugs


The failure of an antiepileptic treatment or any worsening of symptoms during treatment has to alert the pediatric neurologist among other things, to reconsider the etiologic diagnosis of the epileptic syndrome. If the diagnosis of CAE is confirmed, after the failure of two monotherapies, in particular if ETX has been used as a first line or second line monotherapy [41], it is usual to consider associating two or more antiepileptic drugs, as for other epileptic syndromes [42].



An increased efficacy has been demonstrated when ETX and VPA are combined because VPA can decrease the clearance of ETX [43]. The association of VPA and LTG must be titrated cautiously although its synergic mechanism can be useful in controlling monotherapy resistant forms of CAE [44]. Moreover, the indication to genetic analysis in patients with absences is controversial whereas in those cases of CAE that are refractory to first line therapy, some authors suggest to carry out a genetic screening in particular to detect Glucose transporter type 1 deficiency syndrome (Glut1D) [45,46]. In particular, Glut1D should be suspected and tested for when absence seizures are associated with irregular ictal EEG discharges and other features such as drug resistance and worsening during fasting as epileptic phenotypes mimicking absences are more frequently reported in familial cases of Glut1D [46]. On the other hand, an additional characteristic of absence seizures is that they are assumed to be almost exclusively hereditary and understanding how each genetic mutation converges on a similar phenotype helps illuminate the disease process and could ultimately identify potential strategies for treatment, in particular for refractory cases [47].




3.3. New Frontiers in Therapy-Resistant CAE Forms


Among older antiepileptic drugs, clobazam, clonazepam and acetazolamide have been traditionally used as second-line therapy for CAE or as adjunctive agents [48,49]. Over the past years, several new antiepileptic drugs such as levetiracetam, topiramate and zonisamide have become available for the treatment of resistant CAE, exhibiting a good efficacy and tolerability in clinical trials [50]. However, trials comparing the effects of these newer drugs to traditional therapy such as ETX and VPA are still missing (Table 1).



A small Italian multicenter, prospective, long-term, open-label treatment study published in 2008 enrolled 21 patients with typical absence seizures to undergo treatment with Levetiracetam (LEV) in monotherapy [26]. The basis of this study was that levetiracetam is currently used as monotherapy or as an adjunctive therapy in the treatment of various generalized epilepsies. LEV binds to a specific membrane binding site in the brain and does not affect glutamate or GABA-mediated synaptic transmission, nor modulation of voltage-dependent sodium or T-type calcium currents [51,52]. It’s effect is related to a-amino-3- hydroxy-5-methyl-4-isoxazole propionic acid receptor channels in mouse cortical neurons in culture [53]. The results of this study, although larger double blind studies are still awaited in order to confirm these findings, suggest that monotherapy with levetiracetam could be well tolerated and effective in patients with childhood absence epilepsy and juvenile absence epilepsy [26]. Moreover, a larger double blind, randomized, controlled clinical trial was conducted to compare the efficacy of levetiracetam to placebo in newly diagnosed CAE suggesting that levetiracetam provides a modest efficacy against absence seizures in the case of CAE [54]. However, the use of Levetiracetam in absence seizures still remains controversial and some Authors reported an aggravation of absence seizures when prescribing this therapy [55].



Topiramate (TPM) acts through ion-channel blockade as well as enhancing GABA-ergic inhibitory synaptic transmission and inhibiting excitatory pathways [1]. An open-label, pilot study conducted in 2002 evaluated the use of topiramate (at the dosage of 5 mg/kg/day) in five children with CAE and suggested that TPM may be useful for the treatment of childhood absence epilepsy [24]. Previously in 1999 TPM was effective for the treatment of 48% of enrolled patients with absence seizures in a randomized, placebo-controlled study [56]. However, another more recent pilot study conducted in 2011 that enrolled 12 patients with CAE was prematurely discontinued due to the inefficacy of topiramate monotherapy for the treatment of CAE [57].



Zonisamide (ZSN) acts by inhibiting carbonic anhydrase and by blocking T-type calcium channels as well as voltage-sensitive sodium channels [58]. Data regarding the use of this antiepileptic drug are still extremely scarce but a chart review that investigated the efficacy of zonisamide in 45 pediatric patients with CAE reported a 51.1% achievement of freedom from seizures, suggesting the possible use of this drug for the treatment of CAE [25].



The pharmaco-resistance of up to 30% of treated children with CAE and the detection of neuropsychiatric conditions on follow up, along with the adverse effects reported for many of the current antiepileptic drugs, require scientific research to focus on novel treatments [59]. Recent studies have underlined that adjunctive Perampanel can be useful in the treatment of absence seizures in the context of idiopathic generalized epilepsies [60] but extensive data are still missing. Concerning new frontier therapies there is a new drug (EpidiolexVR), an oral form of phytocannabinoid that is currently in phase 2 trials in children with pharmaco-resistant absence seizures; however there are no publicly reported data on the use of this drug for absence animal models and its possible neuropsychological effects in children and adolescents remains unclear [59,61]. Concerning non-pharmacological treatment, experimental animal models have identified highly excitable cortical zones that could be a future therapeutic target for techniques such as radiosurgery, ablation techniques or high frequency electrical subcortical or cortical stimulation [62]. Vagus nerve stimulation and ketogenic diet can also be considered in the management of pharmacological resistant forms of CAE. In particular, a ketogenic diet has been reported as successful in two scientific papers [63,64] although data are still extremely limited. Ketogenic diet is a medically supervised high-fat, low carbohydrate and moderate-protein diet that is used in many refractory epileptic syndromes [65]. A correct management of the ketogenic diet in pediatric patients with drug resistant epilepsy is important from the beginning to avoid side effects [66]. Thus, the initiation and maintenance of the treatment are the result of concomitant efforts of pediatric neurologists, dieticians, families and other caregivers. Moreover, it has also been suggested that different kinds of e-health applications should be used simultaneously, as complementary resources, to improve epileptic patient outcomes in the management of the ketogenic diet [67]. On the other hand, concerning vagus nerve stimulation, to our knowledge only Arya et al. [68] reported success with this technique on a very small number of patients with drug-resistant CAE.




3.4. Long Term Prognosis


The clinical course of children with CAE varies and basically includes three possible scenarios: terminal remission ≥ 12 months (occurring in about 65–82% of patients), persistent refractory CAE (occurring in about 11% of patients) and a change in epilepsy syndrome (about 15% of patients) [70]. There are very few long-term population-based studies in literature addressing the prognosis of CAE. Nevertheless, CAE generally has a high rate of long-term seizure freedom compared to other childhood onset epilepsies, occurring principally between 10 and 14 years of age. Concerning treatment effectiveness, Berg et al. [28] performed a prospective study evaluating the long-term prognosis of CAE considering the initial treatment received. In particular, in this study success rates were identical in the patient group treated with ETX to that treated with VPA but with the passing years, the number of patients treated with ETX and in complete remission was significantly higher than those in complete remission treated with VPA [28]. Moreover, a statistically significant correlation has been observed between cognitive impairment, longer duration of disease and higher frequency of seizures [69]. The most common neuropsychiatric comorbidities of CAE are subtle cognitive or language impairments, attention deficit hyperactivity disorder (ADHD) and anxiety [35,71]. It is therefore highly recommendable to consider screening for behavioral and psychological issues during the choice of treatment and during long term follow-up of CAE patients.





4. Conclusions


CAE is a common and easily diagnosable pediatric epileptic syndrome whose initial treatment of choice remains ethosuximide, followed by valproic acid in the case of treatment failure. There are few studies concerning the pharmacological-resistant forms and the possible neuropsychological implications of affected children.



Childhood absence epilepsy should not be considered so “benign” and future studies are certainly needed to address and prevent the later psychosocial comorbidities associated with this disease, along with the not so rare eventuality of a possible resistance to traditional therapy.
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Figure 1. Selection of studies flowchart. 
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Table 1. Possible therapeutic options for first line therapy-resistant CAE forms.
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	Older therapeutic options for resistant CAE
	Efficacy and characteristics



	Clobazam, Clonazepam and Acetazolamide
	Clonazepam most frequently used but benzodiazepines have invalidating side effects and possible development of tolerance [58]. Only used in association with first line CAE therapy. Acetazolamide rarely used due to important adverse effects (kidney stones) [58].



	New therapeutic options

for resistant CAE
	Efficacy and characteristics



	Levetiracetam
	Contrasting data regarding efficacy; possibly used in monotherapy [26,55]. Can be associated with VPA,LTG, ETX [69]. Most promising drug for future studies [58].



	Topiramate
	Not efficacious in monotherapy [57]. Can be associated with VPA,LTG, ETX [69].



	Zonisamide
	Possibly used in monotherapy [25]; studies are necessary for possible associations with other antiepileptic drugs.



	Experimental therapeutic options

for resistant CAE
	Efficacy and characteristics



	Perampanel; EpidiolexVR
	Perampanel as adjunctive therapy in idiopathic generalized epilepsy with absences, no evidence yet for treatment of CAE [60]. Epidiolex VR only in animal models [59].
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  pediatrrep-13-00078


  
    		
      pediatrrep-13-00078
    


  




  





media/file0.png





media/file2.png
ldentification

Eligibility

Non-systematicidentification
through Pubmed, Medline,
Embase (around 300 articles).

Availablefull textin either English or French,
focus on CAE treatment in the pediatric
population, latest published papers = 44
articles + study of the list of references= 27
articles meeting inclusioncriteria.

Total 71 articles:
33 reviews/guidelines/metanalysis
38 original articles.






media/file1.jpg
Non-systematicidentification
through Pubmed, Medline,
Embase (around 300 articles).

Availablefull textin either English or French,
focus on CAE treatment in the pediatric
population, latest published papers = 44
articles + study of the list of references= 27
articles meeting inclusion criteria.

Total 71 articles:
33 reviews/guidelines/metanalysis
38 original articles.






