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In addition to central nervous system infections, seizures and fever may occur together in several neurological disorders. Formerly, based on the clinical features and prognostic evolution, the co-association of seizure and fever included classical febrile seizures (FS) divided into simple, complex, and prolonged FS (also called febrile status epilepticus). Later, this group of disorders has been progressively indicated, with a more inclusive term, as “fever-associated seizures or epilepsy” (FASE) that encompasses: (a) FS divided into simple, complex, and prolonged FS; (b) FS plus; (c) severe myoclonic epilepsy in infancy (Dravet syndrome); (d) genetic epilepsy with FS plus; and (e) febrile infection-related epilepsy syndrome (FIRES). Among the FASE disorders, simple FS, the most common and benign condition, is rarely associated with subsequent epileptic seizures. The correlation of FS with epilepsy and other neurological disorders is highly variable. The pathogenesis of FASE is unclear but immunological and genetic factors play a relevant role and the disorders belonging to the FASE group show to have an underlying common clinical, immunological, and genetic pathway. In this study, we have reviewed and analyzed the clinical data of each of the heterogeneous group of disorders belonging to FASE.
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INTRODUCTION

Several disorders are characterized by the co-occurrence of fever and seizures. Among these, central nervous system (CNS) infections, including meningitis, encephalitis, and brain abscesses, are often associated with seizures in children. A correct differential diagnosis from febrile seizures (FS) leads to an appropriate treatment, possibly preventing further severe complications. With the exclusion of infectious agents in the brain, the association of seizures with fever was recognized as FS, divided into simple and complex, based on clinical features and possible evolution to epilepsy and other neurological complications (1). The correlation between FS and epilepsy has been widely documented (1–5). In fact, Deng et al. (3) introduced the term “fever-associated seizures or epilepsy” (FASE) as a disorder primarily characterized by the occurrence of a seizure or epilepsy usually accompanied by fever. According to Deng et al. (3), FASE includes the following disorders: (a) simple, complex, and prolonged (febrile status epilepticus) FS (4, 5); (b) febrile seizures plus (FS+) (6); (c) severe myoclonic epilepsy in infancy (Dravet syndrome (DS) (7); (d) genetic epilepsy with febrile seizures plus (GEFS+) (8); and (e) febrile infection-related epilepsy syndrome (FIRES) (9, 10). More recently, Ding et al. (11) have conducted in a study aimed to identify disease-causing gene mutations in individuals with FASE diagnosis. Here, we reviewed and analyzed the clinical data of each component of FASE group's disorders as they share an underlying common clinical, immunological and genetic pathway.



FEVER-ASSOCIATED SEIZURES OR EPILEPSY (FASE)

In children with FASE, fever and seizures are the primary features; however, clinical assessment, type of treatment, and prognostic evaluation are widely different for each of these disorders, such as simple FS with short-duration seizure and no complication in contrast to complex FS, and in particular, with prolonged FS, which possibly lead to severe neurological implications (12, 13). Family history, normal milestone acquisitions, brief resolution of the seizure event, and rapid regain of consciousness are signs indicative of a benign course. Certainly, the first occurrence of seizures in the presence of fever will prompt complete clinical evaluation to exclude CNS infection. The clinical course of the previous FS may help to exclude further disorders of the FASE group. The etiology of FASE is poorly known but, however, is thought to be multifactorial caused by: increased neuronal vulnerability of the child during the growth affected by a low threshold for seizures; fever as a trigger factor; and, familial genetic predisposition, as shown by clinical concordance with one of the parents (30%), and with monochorionic twins (35–69%) (14, 15). An increased risk of FS has also been observed in children with iron deficiency and low levels of other micronutrients, such as vitamin B12, folic acid, selenium, calcium, and magnesium (16). Mosili et al. (17) sustain that some cytokines (interleukins and tumor necrosis factor) play an important role in altering the permeability of the blood-brain barrier. The passage of cytokines into the CNS induces the fever through the hypothalamic stimulation on one hand, and inducing seizures through the glutamatergic and GABAergic dysfunction on the other hand. Also, the role of genetic mutations in the pathogenetic mechanism of FASE is relevant, as demonstrated by the fact that the same mutation may express different phenotypes. Instead, with regard to the action of fever stimulating the seizure, Deng et al. (3) hypothesized that high temperature may stimulate the recycling of synaptic vesicle and enlarge the size of synaptic vesicle with subsequent enhancement of synaptic transmission and onset of seizures. As previously reported, FASE comprises common and well-known disorders, such as FS; however, new scenarios, particularly in the field of clinical presentation, genetics, and immunology, have been evolving, expanding the boundaries of these disorders, particularly regarding FIRES and related disorders.


Febrile Seizures (FSs)

FSs are the most common seizure events in children aged <5 years (1, 4, 13) with frequencies of 2.3–2.7% in the United Kingdom (4). In general, in recent years, admission of children with FS to the emergency room has been notably reduced in more developed countries because of the wide use of buccal midazolam or rectal benzodiazepine administered directly by the parents at home. Viral infections involving the ear, nose, throat, and upper respiratory tract are the most frequent causative events of fever-associated seizures. In a retrospective study, Tarhani et al. (18) have reported on 77 children affected by FS that in these children the mean duration of seizures was 5.09 +/– 3.78 minutes and the mean temperature during seizures was 38.41 +/– 0.83 °C. In 44 (57.14%) children no cause of the fever was documented. Ten (12.99%) children had multiple seizures within 24 h, in 70 (90.91%) the seizures ended without medication and 5 (6.49%) were treated with diazepam.

Stokes et al. (19), in a cohort of 276 children with FS identified by the viral analysis of nasopharyngeal secretions and cough/nasal swabs, found viral infections in 49% of the children with influenza A, respiratory syncytial virus (RSV), and adenoviruses, being the most frequent causes of infections. Norovirus gastroenteritis has been reported as a causative event in children with febrile and afebrile seizures. Among 108 children affected by norovirus gastroenteritis and seizures, 49 (45.4%) were diagnosed with FS, whereas 59 (54.6%) exhibited afebrile seizures (20). Wang et al. (21) in a cohort of 868 children with FS associated with mild gastroenteritis showed that 67 (7.7%) had a second afebrile seizure (AS) and 71% (48/67) showed gastroenteritis-associated recurrence. According to these authors, the risk of AS relapse after the initial mild gastroenteritis is low.

FSs are classified as simple (typical), complex (atypical) (5, 22, 23), or prolonged (febrile status epilepticus) based on the temperature level, mode of onset, duration of the crisis, recurrence, seizure semiology including post-ictal event, and the occurrence of interictal neurologic signs (22–24).



Febrile Seizures: Simple (Typical) vs. Complex (Atypical)

The main characteristics of the simple, complex, and prolonged FS are reported in Table 1. Simple FS is defined as a short (<15 min) generalized seizure, not recurring within 24 h, occurring during a febrile illness not caused by an acute disease of the nervous system in a child aged between 6 months and 5 years, without neurologic deficits and with no previous afebrile seizures. As experienced by the authors of the article, and also as reported in the literature, the onset of typical FS before the age of 7 months is quite uncommon. The onset occurs more frequently before the age of 3 years, with a peak between 18 and 24 months. Seizures tend to appear during the phase of the rising fever. Seizures typically have a short duration, presenting as generalized tonic-clonic without post-ictal paralysis. There were no other seizure recurrences in the same febrile episode. Almost all children with simple FS have a good prognosis for both normal neurologic function and the occurrence of epileptic seizures (4–6, 21–24). Although the prognosis for subsequent epileptic seizures in children with simple FS is similar to that of the general population, the risk of afebrile seizures is increased to 15–20% among children with complex FS (5, 13). Clinical events may simulate FS, including muscle tremors, acute confusional state/delirium, and febrile myoclonus. This latter brief presents with involuntary muscle contractions and myoclonic movements primarily affecting the lower limbs, temporally related to febrile episodes or following infectious illnesses (25, 26). In evaluating a child with FS, it is important to (i) obtain a family history particularly focused on neurological disorders; (ii) conduct a cautious physical examination to exclude direct CNS infections; and, (iii) carry out detailed laboratory analysis, including full blood count, electrolytes, and glucose. Family history of simple FS, brief duration of the seizure, and rapid regain of consciousness are highly indicative of the diagnosis, preluding further investigations, such as electroencephalogram (EEG) recording, lumbar puncture (LP), and brain magnetic resonance imaging (MRI) (27, 28). FS that does not meet the criteria of the simple type is classified as complex FS. Complex (atypical) FS is often focal and may be accompanied by post-ictal paralysis. In contrast to simple FS, complex FS is of longer duration and may recur during the same febrile episode. The need for LP in patients with simple or complex FS is debatable. Batra et al. (27) maintain that in children with fever and seizures, the likelihood of meningitis diagnosis is low. In their study, in a cohort of 497 children aged 6–18 months admitted to the emergency room with a first FS, 1 (0.8%) of 116 children with simple FS and 4 (5%) of 63 children with complex FS were diagnosed with meningitis (26). Similarly, Kimia et al. (28) noticed that the risk of bacterial meningitis in children aged 6–18 months presenting with first simple FS was low. Clearly, the option for LP in simple and complex FS children must be carefully evaluated because a missed diagnosis of intracranial infection may become the cause of severe complications. LP is considered unnecessary in children with simple and complex FS who have returned rapidly to a normal baseline after the seizure and in the absence of symptoms or signs of cerebrospinal infection (23). According to the American Academy of Pediatrics, LP should be limited to infants with FS who did not receive Haemophilus influenzae type b (Hib) or pneumococcal vaccines and those under antibiotic treatments shortly or during the current illness (29). FS may reoccur in approximately one-third of children with FS, generally within 12 months following the initial FS. Approximately half of the children with a second FS will have a third FS. High recurrence of simple FS is not commonly reported (2).


Table 1. Differences between simple (typical), complex (atypical), and prolonged febrile seizures.
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In the group of children with initial FS complex, the risk of subsequent afebrile seizures increases, reaching 15–20% in association with one or more of the following factors: developmental delay, previous neurological dysfunction, cerebral palsy, family history of epilepsy, and recurrence within the same infectious episode (5). The relationship between complex FS and the subsequent onset of epileptic seizures is unclear. Previous cerebral damage may be a cause for both disorders; most accepted is the hypothesis of an interaction of predisposing factors acting for both disorders at a different time. High FS recurrence is linked not only to the risk of subsequent epilepsy (17), but may also be correlated with cognitive and language delay (30), Tourette syndrome (31), and attention deficit hyperactivity disorder (32). In a study published in 2004, Pavone (23) reported clinical features of the cases seen in his institution from 1996 to 2004 that may be included as an example into FASE syndrome classification.



Vaccination and Acute Febrile Seizures Treatment

The first FS episode is highly traumatic and frightening for the parents and may cause great anxiety for each new febrile event. It is important to advise parents to avoid contact between children and relatives and schoolfellows affected by a contagious disease. Vaccination is another issue of concern for the parents. Children with FS may develop a fever after regular vaccination; however, the risk of severe complications is considered low. In cases of fever after revaccination, antipyretics and anticonvulsants may be administered at home. The term vaccine proximate seizures (VPS) defines episodes of seizures as febrile or afebrile occurring 14 days after vaccination. In a retrospective study conducted by Deng et al. (33) on 119 children with VPS as the first seizure episode, the chance of further seizures with revaccination was uncommon. According to these authors (33), in children who had a single VPS as their only seizure, the recurrence of VPS was uncommon. Children who had multiple non-vaccine proximate seizures after their initial VPS (VPS+) were more likely to have afebrile VPS at a younger age and have a VPS recurrence with vaccination. In the context of VPS, cases of “afebrile benign convulsion” may occur, and the causative event is not directly linked to fever. In this case, it is not the fever that is pathogenetic, but the inflammation due to the agent causing the underlying inflammatory diseases similar to what happens with norovirus gastroenteritis (20). Acute treatment of simple and complex FS after VPS is symptomatic and directly related to the causal event of fever using antipyretics and appropriate drugs. In our institution, in the emergency room, acute treatment of FS consists of intravenous administration of diazepam (0.1–0.2 mg/kg) or lorazepam (0.05–0.1 mg/kg). Oral, rectal, or intranasal treatment of benzodiazepines may be used directly by the parents at home before visiting the hospital as commonly recommended (29, 34).




PROLONGED FEBRILE SEIZURES (FEBRILE STATUS EPILEPTICUS)

Most of the FS are of brief duration and stop after a few minutes without treatment. In 9% of cases, FS is of long duration, and among these, 5.8% meet the criteria for febrile status epilepticus (FSE) (35, 36). FSE is defined as a continuous or intermittent febrile seizure without consciousness being regained in the interictal state for more than 30 min (35, 37). Recently, the limit of 30 min has been slightly lowered (24, 28). In prolonged febrile seizures, LP and cerebrospinal fluid examination for looking at pressure, cell count, protein, and glucose levels are necessary to exclude a cerebrospinal infection. In a study including 756 children aged 6–60 months, 532 had simple FS, 194 had complex FS, and 39 had FSE (35). A significant relationship was found between FSE and complex FS with respect to body temperature during a seizure, family history of FS, and premature birth (36). Likewise to other types of FS, viral infections have been implicated as the main cause of FSE. Hall et al. (38) reported that primary and reactivated human herpes virus 7 (HHV-7) infections showed similar clinical manifestations, except for seizures manifesting more frequently in reactivated infections and influenced by the interaction of HHV-7 and human herpes virus 6 (HHV-6). Uda and Kitazawa (39) conducted a study on 99 children with FSE aged <3 years who had been tested for RSV. Three patients in the RSV-positive group (n = 19) and four in the RSV-negative group (n = 80) exhibited bronchiolitis, and six children in the RSV-positive group developed encephalopathy and profound neurological sequelae. The authors maintain that RSV infection in the absence of bronchiolitis can initially manifest with FSE and subsequently develop into acute encephalopathy. In a prospective multicenter study regarding the consequences of prolonged febrile seizures (FEBSTAT-study) (40), 169 children aged from 1 month to 5 years were evaluated for HHV-6 and HHV-7 infections. Specific viral infections are linked to the onset of FSE; HHV-6 infections are commonly associated with the onset of FSE, whereas HHV-7 FSE has been reported less frequently (40). Together, these infections encompass one-third of the cases of FSE. These authors establish that no clinical differences are observed in children with FSE presenting with or without HHV infection (40).

FSE has been associated with an increased risk of subsequent FSE and further neurological complications, including epilepsy and cognitive disability (41). The relationship between FSE and hippocampal sclerosis and mesial temporal lobe epilepsy (MTLE-HT) has long been debated (42). It has been assumed that FS at an early age may affect the hippocampus, and, subsequently, causing FSE and MTLE-HT (35, 36). Additional hypotheses refer to previous hippocampal damage because of pre-perinatal or predisposing genetic factors, or to the anatomic hippocampal anomaly that individually or in association may result in both prolonged FS and MTLE-HT. Lewis et al. (41) found hippocampal T2 hyperintensity in association with increased volume in 22 out of 226 children after FSE, thus showing an acute hippocampal injury that was often found to evolve to hippocampal sclerosis after 1 year. Opposite results were obtained by Tarkka et al. (42) in a study of 24 patients with prolonged first FS. They compared 8 children with an unprovoked seizure after the first FS with 32 patients as the control group; none of the patients had mesial temporal sclerosis. FSE is generally focal, occurs in very young children, and generally appears as the first FS (36). FSE is fairly resistant to drugs; however, early treatment from seizure onset results in a shorter seizure duration (36, 43). One study has reported that although FSE does not appear to be associated with significant cognitive impairment in the short term, it may result in a trend for possible receptive language and motor delay a year after FSE onset (44). Myers et al. (45) reported a 20-month-old girl with a complex chromosomal disorder who died suddenly 2 days after FSE, suggestive of sudden unexplained death in epilepsy (SUDEP). Although seizures are a notable risk factor for SUDEP, the mechanism by which seizures are the cause of death remains unclear. Nei and Hays (46) maintained that seizures activate specific cortical and subcortical regions that can cause potentially lethal cardiorespiratory changes. The role of brain malformations observed in this condition remains unclear (47). Protocadherin-19 mutations may present with developmental encephalopathy and prominent infantile-onset focal seizures that show limbic abnormalities in a quantitative MRI-based analysis (48). Results of serum growth and differentiation factor (GDF)-15 has been shown to be a potential prognostic biomarker for patients affected by febrile status epilepticus (49).



FEBRILE SEIZURES PLUS (FS+)

Scheffer and Berkovic (6) initially used the term FS plus (FS+) to describe the syndrome with multiple FS (onset at a median age of 1 year) persisting over the age of 6 years and presenting with febrile or afebrile generalized tonic-clonic seizures. More recently, designation of FS+ has been applied to individuals with onset of FS before 3 months or after 6 years of age and occurrence of both febrile and afebrile generalized tonic-clonic seizures either limited to the usual age for FS (3 months to 6 years) or occurring outside this period (50).



DRAVET SYNDROME (DS)—SEVERE MYOCLONIC SEIZURES IN INFANCY

The first description of this syndrome was reported by Dravet in 1978, who subsequently described the classical clinical features of severe myoclonic seizures with onset in infancy, associated with frequent episodes of status epilepticus, often triggered by fever. The syndrome was first described as severe myoclonic seizures in infants and was associated with various types of severe epileptic seizures (7, 51). In classical clinical expression, the disorder starts with the onset of FS before the age of 1 year in a child with normal growth and developmental stages. The temperature is generally mild or moderate, although it may sometimes be elevated. The febrile-associated seizures may be generalized or focal. In most cases, aside from the precocious onset of seizures at 6–8 months, no other indicative diagnostic signs are present. On some occasions, the seizures may manifest without fever. Brain MRI and EEG initially yield normal results. In the subsequent years, multiple seizure types, mainly myoclonic, atypical absence, and focal seizures, have been reported with progressive slowing of developmental and cognitive skills (52). Five principal diagnostic criteria for DS have been indicated: normal development before seizure onset; two or more FS complexes with onset before 12 months; phenotypic aspect of seizures, which may be focal myoclonic, hemiclonic, or generalized tonic-clonic; two long-duration seizures; and refractory seizures after the age of 2 years (7, 52).

A consensus building, that is, a modified Delph process, was conducted to indicate the standards for early, long-lasting, effective, and accurate diagnosis of DS (52). The other reasons for the consensus regarded optimal therapies for seizures, and recommendations for evaluation and management of the conditions for children and adults affected by the syndrome (52). The main characteristics of the clinical presentation obtained by this consensus were: typical onset between 1 and 18 months; recurrent generalized tonic-clonic or hemilateral seizures (considered as diagnostic), often prolonged; occasionally brief in duration; myoclonic seizures by the age of 2 years; blunting status; focal dyscognitive seizures; atypical absence after the age of 2 years; atypical epileptic spasms; seizures triggered by hyperthermia; and normal developmental and neurological examination at the onset with normal EEG and brain MRI (52). DS may have various clinical manifestations with different ages of presentation, type of seizures, and absence of cognitive impairment (53). DS may involve other structures aside from the brain with cardiac, hearing, vision, urinary, bowel, and endocrine dysfunctions (54–56). The syndrome is uncommon, with a reported incidence of 1 in 15.700 to 14 in 40.900 (57). Li et al. (58) reported on 205 patients with DS with a median age of 8.5 years. Twenty-five patients were deceased. In this study, the authors underlined the following clinical features of DS: the first seizure is febrile in only 55% of patients, and 3% of patients never have seizures with fever; more than 50% of patients manifest with a tonic-clonic seizure, and only 35% have hemiclonic seizure; 1/3 of patients complain of the status epilepticus while 7% never have this feature; in patients with heterozygous SCN1A pathogenetic variants the disorder may occur up to 19 months (58). In most cases, DS is related to a genetic disorder, and in particular, the syndrome is linked by pathogenic variants in the sodium channel gene SCN1A. Other genes associated with DS include SCN2A, SCN8A, SCN9A, SCN1B, PCDH19, GABRA1, GABRG2, STXBP1, HCN1, CHD2, and KCNA2 (4, 55, 59–62). DS linked to the SCN1A gene shows a phenotype that is characteristic of DS diagnosis, and the term SCN1A-related epilepsy has been proposed. The SCN1A gene encodes nine mammalian voltage-gated sodium channel alpha subunits, and their mutations are one of the most common causes of seizures reported in 70–80% of patients with DS (54). SCN1A mutations may result in an inhibition of GABAergic inhibitory interneurons, leading to excessive neuronal excitation. This interneural hypothesis appears to be the most plausible mechanism of DS. According to this hypothesis, SCN1A haploinsufficiency that results in a defective encoded protein channel NAV1.1 affects various parts of the brain, including the cortex, cerebellum, basal ganglia, and hypothalamus, causing clinical signs, such as epileptic seizures, ataxia, neuronal dysregulation, and sleep disorders (56). Non-SCN1A genes can manifest with a clinical expression similar to SCN1A-SD such that they are not easily distinguishable (54). Other authors have suggested that patients affected by DS linked to other genes, such as non-SCN1A, show a phenotype that is not well correlated with the classical phenotype of SCN1A-SD (55). The treatment of DS has been attempted using various drugs. In general, sodium channel-blocking drugs are not advisable because genetic dysfunction in DS involves sodium channels. A retrospective United States study was conducted to analyze the efficacy and tolerability of stiripentol (STP) in patients with DS (63). Eighty-two children with DS were divided into four groups: group A consisted of children treated with STP alone; group B, STB with clobazam (CLB); group C, STB with valproate (VPA); and group D, STB plus CLB, and VPA. Seizure frequency was reduced in 2/6 in group A, 28/35 in group B, 8/14 in group C, and 30/48 in group D. The main adverse effects were registered in 38 patients, mainly consisting of sedation and reduced appetite (63). A French cohort cross-sectional study was conducted in 54 patients of various ages ranging from 2.5 to 22 years using single therapy with STP, VPA, and CLB. The therapy was maintained for a long time by 96% of the cohort, since the frequency and severity of seizures were reduced. However, only a few patients achieved seizure freedom (64). Good results with the use of STP in DS were obtained also by Cho et al. (65) and Myers et al. (66). The most common adverse events were anorexia, weight loss, sedation, and behavioral changes (66).



GENETIC EPILEPSY WITH FEBRILE SEIZURES PLUS (GEFS+)

Genetic epilepsy with febrile seizures plus (GEFS+) is defined as a familial epilepsy syndrome in which affected individuals within a family typically have a variety of epilepsy phenotypes varying from simple and complex FS with a generally benign course to FS+ and various types of epileptic seizures, such as absence seizures, myoclonic seizures, atonic seizures, myoclonic-astatic epilepsy, and rarely severe epileptic encephalopathy (67). GEFS+ was described in a large Australian family by Scheffer and Berkovic (6) with an unusual concentration of individuals with FS+ and myoclonic seizures, FS+, atonic seizures, and FS+ and myoclonic-astatic epilepsy. The pattern of inheritance is primarily autosomal dominant; however, familial cases of likely de novo mutations and autosomal recessive inheritance have also been reported (6). GEFS+ is reported to be linked to mutations in the SCN1A (68), SCN1A, SCN1B and GABRG2 gene mutations which are genes involved in the neuronal voltage-gated sodium channel (68–71). A clinical and genetic analysis of families with GEFS+ was performed in 409 patients by Zhang et al. (67). These authors obtained the following results extending the classical phenotype: focal seizures without preceding FS in 16/409 (4%), classic genetic generalized epilepsies 22/409 (5%), and afebrile GTCS 9/409 (2%). FS was the most frequent clinical sign in 178/409 (44%) patients, followed by FS+ 111/409 (27%). One-third 50/163 (31%) of the families had a pathogenic variant in a known GEFS+ gene. Moreover, the authors (67) proposed to adopt the term “genetic epilepsy with febrile seizures plus” rather than generalized epilepsy with febrile seizure plus. Recently, Jiang et al. (72) reported a patient with CHRNA4 variant as a possible cause of paroxysmal kinesigenic dyskinesia and GEFS+. Among nine families with generalized epilepsy with FS+, Singh et al. (73) found 91 individuals with a history of seizures and 63 with seizures consistent with the diagnosis of GEFS+ syndrome. The epilepsy phenotype was of the type FS in 31, FS+ in 15, FS with other seizure types, such as atonic, myoclonic, absences, or complex partial in eight, and myoclonic-astatic epilepsy in nine individuals. In GEFS+ families, the FS+ feature is reported in ~20% of cases. The prognosis for both cognitive capacity and seizures is benign, as the stage of development in this disorder is generally not impaired, and generalized tonic-clonic seizures tend to persist over the age of 6 years with or without fever as a trigger (73).


Genetics of Febrile Seizures (FSs)

A family history of epilepsy, including FS, occurs in 20–40% of children with FS (29). In families having one child with FS, an additional family member (first-degree relative) complained of FS in 10–46% of cases (29). The observation of a high (but not complete) concordance rate for FS among monozygotic twins compared with dizygotic twins indicates that genetic and non-genetic (or non-autosomal genetic) factors provide a relevant primary contribution. A common genetic component underlying the wide spectrum of FASE pathology has been assessed by advanced molecular analysis and association studies (3, 67, 74). However, specific extensive efforts have been addressed to improve the interpretation of causal genes and risk loci in two disorders of FASE group: FS and GEFS+, which vary among different clinical subsets and mutations. Up to date, a significant contribution in this field has been provided by Nakayama (75). In the review, nine genomic susceptibility traits linked to FS have been described, designated as from FEB1 to FEB9 located on chromosomes 8q13-q21, 19p13.3, 2q23-q24, 5q14-q15, 6q22-q24, 18p11, 21q22, 5q31.1-q33.1 and 3p24.2-p23; furthermore, mutations in the cholinergic receptor nicotinic alpha 4 subunit (CHRNA4) (72), in the voltage-gated sodium channel subunit genes (SCN1A, SCN2A and SCN1B), and in the GABA(A) receptor subunit genes (GABRG2 and GABRD) (75) have been characterized in GEFS+.




FEBRILE INFECTION-RELATED EPILEPSY SYNDROME (FIRES)

FIRES is a distinctive entity that presents with fever and seizures. However, its clinical and genetic characteristics differ from the others disorders belonging to the FASE group. FIRES is a severe epileptic encephalopathy that occurs during childhood. The affected children in the acute phase manifest with recurrent FS and febrile status epilepticus, followed by a severe course with intractable seizures and residual intellectual disability. The disorder has been previously named fever-induced refractory epileptic encephalopathy in school-age children or fulminant inflammatory response epilepsy syndrome. FIRES is defined as a disorder that requires a prior febrile infection starting between 2 weeks and 24 h before the onset of refractory status epilepticus, with or without fever at the onset of status epilepticus (9, 10, 61, 76). The clinical course usually runs in three phases: in a normal child, there is a sudden onset of increased temperature, followed by an acute onset of recurrent seizures and refractory status epilepticus in the absence of fever with evidence of typical seizure type, and by severe drug-resistant epilepsy and neuropsychiatric involvement. The disorder is rare and has been estimated to have an incidence of one in 1,000,000 and a prevalence of one in 100,000 (77). The fever is initially high with a more or less duration of a few days. Seizures are initially focal, brief, and scanty, with rapid evolution within a few hours or days to status epilepticus. The EEG shows a diffuse slowing in the first phase to become multifocal, often involving temporal and frontal regions (61, 76). In seven patients with FIRES, Farias-Moeller et al. (78) disclosed three distinct features: a gradual increase in seizure burden, the presence of a recurrent extreme delta brush, and a typical seizure pattern. MRI is abnormal in 70% of cases with T2/FLAIR hypersignals located in the limbic and/or neocortical areas. Other areas, including the basal ganglia and peri-insular involvement, have also been involved (9, 10). T2/FLAIR hyperintense foci were found in the bilateral claustrum 10 days after status epilepticus onset (79). The etiology of FIRES is unknown although there is evidence of a possible neuro-infection or neuroinflammatory pathogenic role (80–82). A multicenter study conducted on 77 children with FIRES displayed a previous febrile infection reported in 96% of children. Brain autopsy performed in 13 patients showed gliosis in seven patients and leptomeningeal inflammatory infiltrates in one (9). Extensive cerebrospinal fluid examination, including cellular counts, polymerase chain reaction, and serologic studies, was inconclusive for a specific infectious agent in these children (9). Autoantibodies of known biomarkers for rheumatologic diseases as well intrathecally produced oligoclonal bands and antibodies against neuronal epitopes known to be associated with neurological disorders gave negative results (9). Recently, a case of FIRES-like condition due to autoimmune encephalopathy related to GABAAR antibody was reported in a 13-year-old girl (10). Hsieh et al. (81) reported impaired Toll-Like Receptor (TLR) responses and significantly lower cytokine profiles of TLR3, TLR4, TLR78, and TLR9 responses in children with FIRES, suggesting weakened phagocytosis and decreased T regulatory cell anomalies in affected children.

Different types of treatment for FIRES have been proposed. Anticonvulsant drugs have been shown to have poor efficacy and no effect on outcomes. In patients with FIRES, mostly in the chronic stage using cannabidiol treatment, Gofshteyn et al. (82) showed an improvement in seizure frequency and duration in six out of seven patients after 4 weeks (90%) and in 65% of the patients after 48 weeks. Nabbout et al. (61) reported an improvement in seven out of nine FIRES patients with a ketogenic diet within 4–6 days after the onset of treatment. Van Baalen et al. (77) have hypothesized that FIRES is an immune, but not an autoimmune disorder, and advised the use of GABAergic therapy at high doses and treatment with enteral or even parenteral ketogenic diet as the most promising type of treatment. In the study of Kramer et al. (9), no efficacious treatment was found in FIRES patients except intravenous immunoglobulin in two patients, ketogenic diet in one, and a prolonged cycle of barbiturates in one patient. Also, 9 patients (11.7%) died during the acute phase, 63 patients (93%) had refractory epilepsy, and only 12 of 68 (18%) surviving patients had a normal cognitive level (9). Based on FIRES immunologic mechanisms, Horino et al. (83) administered add-on intrathecal dexamethasone (IT-DEX) in six FIRES-affected children showing an improvement in seizure spreading and background activities on EEG monitoring, suggesting that IT-DEX treatment in FIRES children may shorten the duration of the critical stage of the disorder. Koh et al. (80) advised the early administration of a ketogenic diet and anakinra (an IL-1 receptor antagonist). FIRES is considered a subcategory of the “New-Onset Refractory Status Epilepticus” (NORSE) (84, 85). NORSE is defined as a clinical presentation characterized by new-onset refractory status epilepticus in a patient without active epilepsy and pre-existing relevant neurological disorders (acute strokes, brain masses, drug overdoses, and others) and without a clear acute or active structural, toxic, or metabolic cause) (85–87). The relationship between FIRES and NORSE and their boundaries remains to be established as referred by Bhatia and De Jesus (88). Patients with NORSE may or may not be associated with fever before the start of refractory status epilepticus. Nausch et al. (89) who in a retrospective comparison of 18 adults with NORSE vs. 48 children with FIRES revealed more differences than similarities. To date, many doubts remain regarding etiologic factors, diagnostic criteria, therapeutic options, and other questions, including the limits of NORSE disorders (84, 90). Within the FASE group, FIRES is a rare disorder; however, it is extremely severe with mostly irreversible cerebral damage.



CONCLUSIONS

FASE defines a distinct group of entities with fever and seizures as the main features in which underlying common clinical, immunological and genetic pathways have been recognized. The pathogenesis of these disorders may be multifactorial, with variable clinical expression from simple and benign FS to dramatic evolution, as in FIRES. With the exception of simplex and complex FS, most of these disorders are associated with systemic complications and severe outcome. Various types of treatment exist for each of the disorders belonging to the FASE group, but in some of them any type of therapeutic treatment may still result inconclusive. Despite much progress made till now in the clinical and genetic diagnosis of disorders belonged to FASE, more research efforts, particularly from translational studies should be oriented to drug-target therapy.



AUTHOR CONTRIBUTIONS

PP, XGP, and EP drafted and redrafted the present manuscript. XGP and JKF helped to analyse the genetic data of the literature review. RF and MR contributed to the clinical understanding of the literature findings and revised the manuscript. SDM reviewed and edited the draft. All authors read and approved the final manuscript.



ACKNOWLEDGMENTS

We express our gratitude to Prof. Lorenzo Pavone, retired Full Professor Pediatric Clinic University of Catania for helpful advice on various clinical issues of the article.



REFERENCES

 1. Seizures Son F. Febrile Seizures: Guideline for the neurodiagnostic evaluation of the child with a simple febrile seizure. Pediatrics. (2011) 127:389–94. doi: 10.1542/peds.2010-3318

 2. Hauser WA, Annegers JF, Anderson VE, Kurland LT. The risk of seizure disorders among relatives of children with febrile convulsions. Neurology. (1985) 35:1268–73. doi: 10.1212/WNL.35.9.1268

 3. Deng H, Zheng W, Song Z. The genetics and molecular biology of fever-associated seizures or epilepsy. Expert Rev Mol Med. (2018) 20. Available from: https://www.cambridge.org/core/journals/expert-reviews-in-molecular-medicine/article/abs/genetics-and-molecular-biology-of-feverassociated-seizures-or-epilepsy/CC005472D07E05DB29D112D10125B6B3

 4. Leung AK, Hon KL, Leung TN. Febrile seizures: an overview. Drugs Context. (2018) 7:212536. doi: 10.7573/dic.212536

 5. Mewasingh LD, Chin RFM, Scott RC. Current understanding of febrile seizures and their long-term outcomes. Dev Med Child Neurol. (2020) 62:1245–9. doi: 10.1111/dmcn.14642

 6. Scheffer IE, Berkovic SF. Generalized epilepsy with febrile seizures plus. A genetic disorder with heterogeneous clinical phenotypes. Brain. (1997) 120:479–90. doi: 10.1093/brain/120.3.479

 7. Dravet C. The core Dravet syndrome phenotype. Epilepsia. (2011) 52:3–9. doi: 10.1111/j.1528-1167.2011.02994.x

 8. Scheffer IE, Zhang Y-H, Jansen FE, Dibbens L. Dravet syndrome or genetic (generalized) epilepsy with febrile seizures plus? Brain Dev. (2009) 31:394–400. doi: 10.1016/j.braindev.2009.01.001

 9. Kramer U, Chi C-S, Lin K-L, Specchio N, Sahin M, Olson H, et al. Febrile infection-related epilepsy syndrome (FIRES): pathogenesis, treatment, and outcome: a multicenter study on 77 children. Epilepsia. (2011) 52:1956–65. doi: 10.1111/j.1528-1167.2011.03250.x

 10. Caputo D, Iorio R, Vigevano F, Fusco L. Febrile infection-related epilepsy syndrome (FIRES) with super-refractory status epilepticus revealing autoimmune encephalitis due to GABAAR antibodies. Eur J Paediatr Neurol. (2018) 22:182–5. doi: 10.1016/j.ejpn.2017.11.005

 11. Ding J, Zhang J-W, Guo Y-X, Zhang Y-X, Chen Z-H, Zhai Q-X. Novel mutations in SCN9A occurring with fever-associated seizures or epilepsy. Seizure. (2019) 71:214–8. doi: 10.1016/j.seizure.2019.06.005

 12. Pavone P, Corsello G, Ruggieri M, Marino S, Marino S, Falsaperla R. Benign and severe early-life seizures: a round in the first year of life. Ital J Pediatr. (2018) 44:54. doi: 10.1186/s13052-018-0491-z

 13. Verity CM, Butler NR, Golding J. Febrile convulsions in a national cohort followed up from birth. I–Prevalence and recurrence in the first five years of life. Br Med J (Clin Res Ed). (1985) 290:1307–10. doi: 10.1136/bmj.290.6478.1307

 14. Eckhaus J, Lawrence KM, Helbig I, Bui M, Vadlamudi L, Hopper JL, et al. Genetics of febrile seizure subtypes and syndromes: a twin study. Epilepsy Res. (2013) 105:103–9. doi: 10.1016/j.eplepsyres.2013.02.011

 15. Johnson EW, Dubovsky J, Rich SS, O'Donovan CA, Orr HT, Anderson VE, et al. Evidence for a novel gene for familial febrile convulsions, FEB2, linked to chromosome 19p in an extended family from the Midwest. Hum Mol Genet. (1998) 7:63–7. doi: 10.1093/hmg/7.1.63

 16. Özkale Y, Erol I, Kiliçarslan B, Özkale M, Saygi S, Saritürk Ç, et al. Serum vitamin B12, folic acid, and homocysteine levels in children with febrile seizure. Turk J Pediatr. (2015) 57:345–52.

 17. Mosili P, Maikoo S, Mabandla MV, Qulu L. The pathogenesis of fever-induced febrile seizures and its current state. Neurosci Insights. (2020) 15:2633105520956973. doi: 10.1177/2633105520956973

 18. Tarhani F, Nezami A, Heidari G, Dalvand N. Factors associated with febrile seizures among children. Ann Med Surg (Lond). (2022) 75:103360. doi: 10.1016/j.amsu.2022.103360

 19. Stokes MJ, Downham MA, Webb JK, McQuillin J, Gardner PS. Viruses and febrile convulsions. Arch Dis Child. (1977) 52:129–33. doi: 10.1136/adc.52.2.129

 20. Hu M-H, Lin K-L, Wu C-T, Chen S-Y, Huang G-S. Clinical characteristics and risk factors for seizures associated with norovirus gastroenteritis in childhood. J Child Neurol. (2017) 32:810–4. doi: 10.1177/0883073817707302

 21. Wang D, Jiang Y, Hong S, Ma J, Liao S, Cheng M, et al. Prognostic factors for the recurrence of afebrile seizures after benign convulsions associated with mild gastroenteritis. Epilepsia. (2021) 62:3068–75. doi: 10.1111/epi.17102

 22. Waruiru C, Appleton R. Febrile seizures: an update. Arch Dis Child. (2004) 89:751–6. doi: 10.1136/adc.2003.028449

 23. Pavone L. Febrile Seizures: Something is changed. Ital J Ped. (2004) 30:335–9. 

 24. Capovilla G, Mastrangelo M, Romeo A, Vigevano F. Recommendations for the management of ‘febrile seizures': Ad Hoc Task Force of LICE Guidelines Commission. Epilepsia. (2009) 50:2–6. doi: 10.1111/j.1528-1167.2008.01963.x

 25. Dooley JM, Hayden JD. Benign febrile myoclonus in childhood. Can J Neurol Sci. (2004) 31:504–5. doi: 10.1017/S0317167100003711

 26. Onoe S, Nishigaki T. A clinical study of febrile myoclonus in children. Brain Dev. (2004) 26:321–5. doi: 10.1016/j.braindev.2003.09.003

 27. Batra P, Gupta S, Gomber S, Saha A. Predictors of meningitis in children presenting with first febrile seizures. Pediatr Neurol. (2011) 44:35–9. doi: 10.1016/j.pediatrneurol.2010.07.005

 28. Kimia AA, Capraro AJ, Hummel D, Johnston P, Harper MB. Utility of lumbar puncture for first simple febrile seizure among children 6 to 18 months of age. Pediatrics. (2009) 123:6–12. doi: 10.1542/peds.2007-3424

 29. Baumann RJ, Duffner PK. Treatment of children with simple febrile seizures: the AAP practice parameter. Am Acad Pediatrics Pediatr Neurol. (2000) 23:11–7. doi: 10.1016/S0887-8994(00)00148-X

 30. Visser AM, Jaddoe VWV, Ghassabian A, Schenk JJ, Verhulst FC, Hofman A, et al. Febrile seizures and behavioural and cognitive outcomes in preschool children: the Generation R study. Dev Med Child Neurol. (2012) 54:1006–11. doi: 10.1111/j.1469-8749.2012.04405.x

 31. Tu Y-F, Lin C-L, Lin C-H, Huang C-C, Sung F-C, Kao C-H. Febrile convulsions increase risk of Tourette syndrome. Seizure. (2014) 23:651–6. doi: 10.1016/j.seizure.2014.05.005

 32. Bertelsen EN, Larsen JT, Petersen L, Christensen J, Dalsgaard S. Childhood epilepsy, febrile seizures, and subsequent risk of ADHD. Pediatrics. (2016) 138:e20154654. doi: 10.1542/peds.2015-4654

 33. Deng L, Danchin M, Lewis G, Cheung A, Campbell AJ, Wadia U, et al. Revaccination outcomes of children with vaccine proximate seizures. Vaccine. (2021) 39:1565–71. doi: 10.1016/j.vaccine.2021.02.016

 34. Vitaliti G, Castagno E, Ricceri F, Urbino A, Di Pianella AV, Lubrano R, et al. Epidemiology and diagnostic and therapeutic management of febrile seizures in the Italian pediatric emergency departments: a prospective observational study. Epilepsy Res. (2017) 129:79–85. doi: 10.1016/j.eplepsyres.2016.11.005

 35. Sharafi R, Hassanzadeh Rad A, Aminzadeh V. Risk Factors of Febrile Status Epilepticus. Iran J Child Neurol. (2019) 13:57–63.

 36. Hesdorffer DC, Shinnar S, Lewis DV, Nordli DR, Pellock JM, Moshé SL, et al. Risk factors for febrile status epilepticus: a case-control study. J Pediatr. (2013) 163:1147–51.e1. doi: 10.1016/j.jpeds.2013.05.038

 37. Shinnar S, Hesdorffer DC, Nordli DR, Pellock JM, O'Dell C, Lewis DV, et al. Phenomenology of prolonged febrile seizures: results of the FEBSTAT study. Neurology. (2008) 71:170–6. doi: 10.1212/01.wnl.0000310774.01185.97

 38. Hall CB, Caserta MT, Schnabel KC, McDermott MP, Lofthus GK, Carnahan JA, et al. Characteristics and acquisition of human herpesvirus (HHV) 7 infections in relation to infection with HHV-6. J Infect Dis. (2006) 193:1063–9. doi: 10.1086/503434

 39. Uda K, Kitazawa K. Febrile status epilepticus due to respiratory syncytial virus infection. Pediatr Int. (2017) 59:878–84. doi: 10.1111/ped.13300

 40. Epstein LG, Shinnar S, Hesdorffer DC, Nordli DR, Hamidullah A, Benn EKT, et al. Human herpesvirus 6 and 7 in febrile status epilepticus: the FEBSTAT study. Epilepsia. (2012) 53:1481–8. doi: 10.1111/j.1528-1167.2012.03542.x

 41. Lewis DV, Shinnar S, Hesdorffer DC, Bagiella E, Bello JA, Chan S, et al. Hippocampal sclerosis after febrile status epilepticus: the FEBSTAT study. Ann Neurol. (2014) 75:178–85. doi: 10.1002/ana.24081

 42. Tarkka R, Pääkkö E, Pyhtinen J, Uhari M, Rantala H. Febrile seizures and mesial temporal sclerosis: No association in a long-term follow-up study. Neurology. (2003) 60:215–8. doi: 10.1212/01.WNL.0000037482.55894.B1

 43. Seinfeld S, Shinnar S, Sun S, Hesdorffer DC, Deng X, Shinnar RC, et al. Emergency management of febrile status epilepticus: results of the FEBSTAT study. Epilepsia. (2014) 55:388–95. doi: 10.1111/epi.12526

 44. Weiss EF, Masur D, Shinnar S, Hesdorffer DC, Hinton VJ, Bonner M, et al. Cognitive functioning one month and one year following febrile status epilepticus. Epilepsy Behav. (2016) 64:283–8. doi: 10.1016/j.yebeh.2016.09.013

 45. Myers KA, McPherson RE, Clegg R, Buchhalter J. Sudden death after febrile seizure case report: cerebral suppression precedes severe bradycardia. Pediatrics. (2017) 140:e20162051. doi: 10.1542/peds.2016-2051

 46. Nei M, Hays R. Sudden unexpected death in epilepsy. Curr Neurol Neurosci Rep. (2010) 10:319–26. doi: 10.1007/s11910-010-0116-4

 47. Tomson T, Nashef L, Ryvlin P. Sudden unexpected death in epilepsy: current knowledge and future directions. Lancet Neurol. (2008) 7:1021–31. doi: 10.1016/S1474-4422(08)70202-3

 48. Specchio N, Marini C, Terracciano A, Mei D, Trivisano M, Sicca F, et al. Spectrum of phenotypes in female patients with epilepsy due to protocadherin 19 mutations. Epilepsia. (2011) 52:1251–7. doi: 10.1111/j.1528-1167.2011.03063.x

 49. Yamaguchi H, Nishiyama M, Tomioka K, Hongo H, Tokumoto S, Ishida Y, et al. Growth and differentiation factor-15 as a potential prognostic biomarker for status-epilepticus-associated-with-fever: A pilot study. Brain Dev. (2022) 44:210–20. doi: 10.1016/j.braindev.2021.10.003

 50. Myers KA, Scheffer IE, Berkovic SF. Genetic literacy series: genetic epilepsy with febrile seizures plus. Epileptic Disord. (2018) 20:232–8. doi: 10.1684/epd.2018.0985

 51. Dravet C. Dravet syndrome history. Dev Med Child Neurol. (2011) 53 Suppl 2:1–6. doi: 10.1111/j.1469-8749.2011.03964.x

 52. Wirrell EC, Laux L, Donner E, Jette N, Knupp K, Meskis MA, et al. Optimizing the diagnosis and management of Dravet syndrome: recommendations from a North American consensus panel. Pediatr Neurol. (2017) 68:18–34.e3. doi: 10.1016/j.pediatrneurol.2017.01.025

 53. Villas N, Meskis MA, Goodliffe S. Dravet syndrome: Characteristics, comorbidities, and caregiver concerns. Epilepsy Behav. (2017) 74:81–6. doi: 10.1016/j.yebeh.2017.06.031

 54. Marini C, Scheffer IE, Nabbout R, Suls A, De Jonghe P, Zara F, et al. The genetics of Dravet syndrome. Epilepsia. (2011) 52 Suppl 2:24–9. doi: 10.1111/j.1528-1167.2011.02997.x

 55. Steel D, Symonds JD, Zuberi SM, Brunklaus A. Dravet syndrome and its mimics: beyond SCN1A. Epilepsia. (2017) 58:1807–16. doi: 10.1111/epi.13889

 56. Gataullina S, Dulac O. From genotype to phenotype in Dravet disease. Seizure. (2017) 44:58–64. doi: 10.1016/j.seizure.2016.10.014

 57. Wu YW, Sullivan J, McDaniel SS, Meisler MH, Walsh EM, Li SX, et al. Incidence of Dravet syndrome in a US population. Pediatrics. (2015) 136:e1310–1315. doi: 10.1542/peds.2015-1807

 58. Li W, Schneider AL, Scheffer IE. Defining Dravet syndrome: an essential pre-requisite for precision medicine trials. Epilepsia. (2021) 62:2205–17. doi: 10.1111/epi.17015

 59. Peiffer A, Thompson J, Charlier C, Otterud B, Varvil T, Pappas C, et al. A locus for febrile seizures (FEB3) maps to chromosome 2q23-24. Ann Neurol. (1999) 46:671–8. doi: 10.1002/1531-8249(199910)46:4<671::aid-ana20>3.0.co;2-5

 60. Nakayama J, Hamano K, Iwasaki N, Nakahara S, Horigome Y, Saitoh H, et al. Significant evidence for linkage of febrile seizures to chromosome 5q14-q15. Hum Mol Genet. (2000) 9:87–91. doi: 10.1093/hmg/9.1.87

 61. Nabbout R, Vezzani A, Dulac O, Chiron C. Acute encephalopathy with inflammation-mediated status epilepticus. Lancet Neurol. (2011) 10:99–108. doi: 10.1016/S1474-4422(10)70214-3

 62. Dai X-H, Chen W-W, Wang X, Zhu Q-H, Li C, Li L, et al. A novel genetic locus for familial febrile seizures and epilepsy on chromosome 3q262-q2633. Hum Genet. (2008) 124:423–9. doi: 10.1007/s00439-008-0566-9

 63. Wirrell EC, Laux L, Franz DN, Sullivan J, Saneto RP, Morse RP, et al. Stiripentol in Dravet syndrome: results of a retrospective US study. Epilepsia. (2013) 54:1595–604. doi: 10.1111/epi.12303

 64. De Liso P, Chemaly N, Laschet J, Barnerias C, Hully M, Leunen D, et al. Patients with Dravet syndrome in the era of stiripentol: a French cohort cross-sectional study. Epilepsy Res. (2016) 125:42–6. doi: 10.1016/j.eplepsyres.2016.05.012

 65. Cho MJ, Kwon SS, Ko A, Lee ST, Lee YM, Kim HD, et al. Efficacy of stiripentol in Dravet syndrome with or without SCN1A mutations. J Clin Neurol. (2018) 14:22–8. doi: 10.3988/jcn.2018.14.1.22

 66. Myers KA, Lightfoot P, Patil SG, Cross JH, Scheffer IE. Stiripentol efficacy and safety in Dravet syndrome: a 12-year observational study. Dev Med Child Neurol. (2018) 60:574–8. doi: 10.1111/dmcn.13704

 67. Zhang Y-H, Burgess R, Malone JP, Glubb GC, Helbig KL, Vadlamudi L, et al. Genetic epilepsy with febrile seizures plus: refining the spectrum. Neurology. (2017) 89:1210–9. doi: 10.1212/WNL.0000000000004384

 68. Brunklaus A, Ellis R, Stewart H, Aylett S, Reavey E, Jefferson R, et al. Homozygous mutations in the SCN1A gene associated with genetic epilepsy with febrile seizures plus and Dravet syndrome in 2 families. Eur J Paediatr Neurol. (2015) 19:484–8. doi: 10.1016/j.ejpn.2015.02.001

 69. Sun H, Zhang Y, Liang J, Liu X, Ma X, Wu H, et al. SCN1A, SCN1B, and GABRG2 gene mutation analysis in Chinese families with generalized epilepsy with febrile seizures plus. J Hum Genet. (2008) 53:769–74. doi: 10.1007/s10038-008-0306-y

 70. Johnston AJ, Kang J-Q, Shen W, Pickrell WO, Cushion TD, Davies JS, et al. A novel GABRG2 mutation, pR136*, in a family with GEFS+ and extended phenotypes. Neurobiol Dis. (2014) 64:131–41. doi: 10.1016/j.nbd.2013.12.013

 71. Boillot M, Morin-Brureau M, Picard F, Weckhuysen S, Lambrecq V, Minetti C, et al. Novel GABRG2 mutations cause familial febrile seizures. Neurol Genet. (2015) 1:e35. doi: 10.1212/NXG.0000000000000035

 72. Jiang Y-L, Yuan F, Yang Y, Sun X-L, Song L, Jiang W. CHRNA4 variant causes paroxysmal kinesigenic dyskinesia and genetic epilepsy with febrile seizures plus? Seizure. (2018) 56:88–91. doi: 10.1016/j.seizure.2018.02.005

 73. Singh R, Scheffer IE, Crossland K, Berkovic SF. Generalized epilepsy with febrile seizures plus: a common childhood-onset genetic epilepsy syndrome. Ann Neurol. (1999) 45:75–81. doi: 10.1002/1531-8249(199901)45:1<75::aid-art13>3.0.co;2-w

 74. Nolan D, Fink J. Genetics of epilepsy. Handb Clin Neurol. (2018) 148:467–91. doi: 10.1016/B978-0-444-64076-5.00030-2

 75. Nakayama J. Progress in searching for the febrile seizure susceptibility genes. Brain Dev. (2009) 31:359–65. doi: 10.1016/j.braindev.2008.11.014

 76. Hirsch LJ, Gaspard N, van Baalen A, Nabbout R, Demeret S, Loddenkemper T, et al. Proposed consensus definitions for new-onset refractory status epilepticus (NORSE), febrile infection-related epilepsy syndrome (FIRES), and related conditions. Epilepsia. (2018) 59:739–44. doi: 10.1111/epi.14016

 77. van Baalen A, Vezzani A, Häusler M, Kluger G. Febrile Infection-Related Epilepsy Syndrome: Clinical Review and Hypotheses of Epileptogenesis. Neuropediatrics. (2017) 48:5–18. doi: 10.1055/s-0036-1597271

 78. Farias-Moeller R, Bartolini L, Staso K, Schreiber JM, Carpenter JL. Early ictal and interictal patterns in FIRES: The sparks before the blaze. Epilepsia. (2017) 58:1340–8. doi: 10.1111/epi.13801

 79. Meletti S, Slonkova J, Mareckova I, Monti G, Specchio N, Hon P, et al. Claustrum damage and refractory status epilepticus following febrile illness. Neurology. (2015) 85:1224–32. doi: 10.1212/WNL.0000000000001996

 80. Koh S, Wirrell E, Vezzani A, Nabbout R, Muscal E, Kaliakatsos M, et al. Proposal to optimize evaluation and treatment of Febrile infection-related epilepsy syndrome (FIRES): A Report from FIRES workshop. Epilepsia Open. (2021) 6:62–72. doi: 10.1002/epi4.12447

 81. Hsieh M-Y, Lin J-J, Hsia S-H, Huang J-L, Yeh K-W, Chang K-W, et al. Diminished toll-like receptor response in febrile infection-related epilepsy syndrome (FIRES). Biomed J. (2020) 43:293–304. doi: 10.1016/j.bj.2020.05.007

 82. Gofshteyn JS, Wilfong A, Devinsky O, Bluvstein J, Charuta J, Ciliberto MA, et al. Cannabidiol as a potential treatment for Febrile Infection-Related Epilepsy Syndrome (FIRES) in the Acute and Chronic Phases. J Child Neurol. (2017) 32:35–40. doi: 10.1177/0883073816669450

 83. Horino A, Kuki I, Inoue T, Nukui M, Okazaki S, Kawawaki H, et al. Intrathecal dexamethasone therapy for febrile infection-related epilepsy syndrome. Ann Clin Transl Neurol. (2021) 8:645–55. doi: 10.1002/acn3.51308

 84. Sculier C, Gaspard N. New onset refractory status epilepticus (NORSE). Seizure. (2019) 68:72–8. doi: 10.1016/j.seizure.2018.09.018

 85. Wilder-Smith EPV, Lim ECH, Teoh HL, Sharma VK, Tan JJH, Chan BPL, et al. The NORSE (new-onset refractory status epilepticus) syndrome: defining a disease entity. Ann Acad Med Singap. (2005) 34:417–20.

 86. Kazazian K, Kellogg M, Wong N, Eschbach K, Moeller RF, Gaspard N, et al. How to Help Your Patients Enroll in the New-Onset Refractory Status Epilepticus (NORSE) and Febrile Infection-Related Epilepsy Syndrome (FIRES) Family Registry, and Other Rare Epilepsy Registries. Epilepsy Curr. (2021) 21:15357597211002868. doi: 10.1177/15357597211002869

 87. Ritter LM, Nashef L. New-onset refractory status epilepticus (NORSE). Pract Neurol. (2021) 21:119–27. doi: 10.1136/practneurol-2020-002534

 88. Bhatia K, De Jesus O. New Onset Refractory Status Epilepticus. In: StatPearls. Treasure Island (FL): StatPearls Publishing (2022). Available online at: http://www.ncbi.nlm.nih.gov/books/NBK567765/ (cited 22 March 2022).

 89. Nausch E, Schaffeldt L, Tautorat I, Margraf NG, Häusler M, Kluger G, et al. New-onset refractory status epilepticus (NORSE) and febrile infection-related epilepsy syndrome (FIRES) of unknown aetiology: A comparison of the incomparable? Seizure. (2022) 96:18–21. doi: 10.1016/j.seizure.2022.01.006

 90. Gaspard N, Hirsch LJ, Sculier C, Loddenkemper T, van Baalen A, Lancrenon J, et al. New-onset refractory status epilepticus (NORSE) and febrile infection-related epilepsy syndrome (FIRES): State of the art and perspectives. Epilepsia. (2018) 59:745–52. doi: 10.1111/epi.14022

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Pavone, Pappalardo, Parano, Falsaperla, Marino, Fink and Ruggieri. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Fever-Associated Seizures or Epilepsy: An Overview of Old and Recent Literature Acquisitions



		Introduction



		Fever-Associated Seizures Or Epilepsy (FASE)



		Febrile Seizures (FSs)



		Febrile Seizures: Simple (Typical) vs. Complex (Atypical)



		Vaccination and Acute Febrile Seizures Treatment







		Prolonged Febrile Seizures (Febrile Status Epilepticus)



		Febrile Seizures Plus (FS+)



		Dravet Syndrome (Ds)—Severe Myoclonic Seizures In Infancy



		Genetic Epilepsy With Febrile Seizures Plus (GEFS+)



		Genetics of Febrile Seizures (FSs)







		Febrile Infection-Related Epilepsy Syndrome (Fires)



		Conclusions



		Author Contributions



		Acknowledgments



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Pediatrics

Fever-Associated Seizures or
Epilepsy: An Overview of Old and
Recent Literature Acquisitions





OPS/images/fped-10-858945-t001.jpg
Onset

Duration
Phenotype

Recurrence during the same
fever episode

Others FS
Post-ictal events

Prior neurologic signs
Prognosis

FS simple

During the rising phase of
highly febrie episodes

Few minutes
Generalized tonic-clonic
No recurrence

Frequent
No

Absent

Good as the general
population

FS complex

Low or moderate level of
febrile episodes

More prolonged (10 mins)
Hemilateral or focal
Possible recurrence

More frequent

May be residual Tod's
paralysis

May be present
Afebrile seizures in
10-15% of cases

Prolonged

Continuous/intermittent
febrile seizures without
consciousness being
regained at the interictal
state for more than 30 mins









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





