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Abstract 

Children frequently have neurological issues such febrile encephalopathy and fever-related 

seizures. The majority of cases are caused by infections of the neurological system. The 

trifecta of encephalopathy, fever, and seizures is also associated with a range of inflammatory 

and infectious diseases. In addition to complex febrile seizures and febrile status epilepticus, 

age-related clinical phenotypes of fever-related epilepsy and encephalopathy include 

reversible splenial lesion syndrome (RESLES), infantile hemi convulsion hemiplegia 

epilepsy syndrome (IHHE), fever infection related epilepsy syndrome of childhood 

(FIRES), acute necrotizing encephalopathy of childhood (ANE), acute encephalopathy with 

delayed diffusion restriction (AESD).  For an accurate diagnosis and the quick application of 

immunomodulatory/ immunosuppressive therapy, awareness of these entities is crucial. We 

examine the pathogenesis, clinical manifestations, and therapeutic strategies of these fever-

related encephalopathy and seizure disorders in this review. 
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Introduction 

Children frequently experience fever-related seizures. The most frequent acute neurological 

illness in children is probably febrile seizures, and the majority of these cases have 

favourable outcomes [1]. Simple and complex febrile seizures, febrile status epilepticus, 

hereditary epilepsy with febrile seizure plus, and Dravet syndrome are all on the spectrum of 

fever-related seizures. In addition to these predominantly genetically determined entities, 

other fever-associated epilepsy and encephalopathy disorders include fever-infection-related 

epilepsy syndrome (FIRES), devastating epileptic encephalopathy in school-aged children 

(DESC), new-onset refractory status epilepticus (NORSE), acute encephalopathy with 

repetitive refractory partial seizures (AERRPS), idiopathic hemiplegia hemi convulsion 

syndrome (IHHE), and acute encephalopathy with delayed diffusion restriction (AESD) [2, 3, 

4]. 

 

Acute necrotizing encephalopathy (ANE), mild encephalopathy with reversible splenic 

lesions (MERS), and acute demyelinating encephalomyelitis (ADEM) are three diseases that 

are characterised by fever and encephalopathy but few seizures [3, 4]. The complex interplay 

of fever, brain immaturity, and infection-triggered immune and inflammatory mechanisms 

seems to create a setting for this group of disorders [Figure 1]. In this review, we discuss the 

clinical features, possible underlying pathophysiological mechanisms, and treatment options 

for childhood neurological disorders associated with fever, seizures, and encephalopathy. 
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Figure 1: Venn diagram depicting the overlap between epilepsy, fever, inflammation, 

autoimmunity, infections, genetics, and related clinical conditions 

 

FEVER AND THE NERVOUS SYTEM’S SUSCEPTIBILITY TO SEIZURES 

Neuronal excitability is increased by fever, particularly in the hippocampus. The 

hippocampus's pyramidal cells and interneurons' membrane characteristics change at 

increasing body temperatures [2]. Hyperthermia affects a variety of physiological processes, 

including endo- and exocytosis, synaptic transmission, and resting neuronal membrane 

excitability [3]. L-type calcium channels have been found to be hyperpolarization-activated 

and become intrinsically active at temperatures >37°C [4]. It has also been postulated that 

hyperthermia induces glutamatergic excitatory inputs through N-methyl-D-aspartate receptor 

(NMDAR) and transient receptor potential vallinoid-4 (TRPV-4), resulting in a net 

neuro-excitatory state [5-7]. 

 

Fever triggers an inflammatory reaction in the brain, either on its own or as a result of the 

underlying infection. In-depth research has been done on the potential function of the 

powerful pyrogen IL 1β in the pathophysiology of febrile seizures. It causes hyperthermia, 

glutamate-mediated hyperexcitability, and NMDA-induced intracellular calcium influx, all of 

which enhance seizure induction [9, 10]. IL-1-receptor and NMDAR are co-localized on 

hippocampal dendrites, with possible enhanced crosstalk [8, 10]. Additionally, the IL-1β 

allele 511*2, which confers enhanced IL-1β production, has been found in higher frequency 

in children with FS and in adults with temporal lobe epilepsy [11]. 

 

Children with FS had considerably higher post-ictal levels of IL 1β, IL 6, and HMGB1 (high 

mobility group box 1), according to a recent Korean study. The same study found a 

correlation between greater post-ictal IL 1β levels and gene variants at the IL 1β*31 and IL 

1β*511 promoter regions, suggesting that only a small number of genetic variants predispose 

to elevations in inflammatory cytokines after febrile seizures [12]. Tumour necrosis factor-α 

(TNF-α) also amplifies glutamate-mediated AMPA response and increases GABAA receptor 

endocytosis, contributing to hyperexcitability [9]. Hyperthermia-induced hyperventilation 
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and subsequent respiratory alkalosis has also been postulated to contribute to seizure 

generation, but this has not been proven [13] [Figure 2]. 

 

 
Figure 2: Possible pathophysiological mechanisms underlying fever-associated 

increased seizure sensitivity 

 

Individual genetic factors further modify these reactions. In children with fever-induced 

seizures, pathogenic abnormalities in a number of temperature-sensitive ion channel 

mutations have been reported. Temperature-sensitive epilepsy is a known classic symptom of 

SCN1A mutations [14]. GABAA-R γ-subunit mutations result in reduced expression and 

rapid endocytosis of GABAA receptors; these subcellular events are significantly enhanced at 

elevated temperatures [3, 15, 16]. Under experimental conditions, GABAA 

receptor-mediated gamma oscillations have been found to underlie the temperature-induced 

population spikes [17]. Decreased pre-synaptic release and post-synaptic GABA-R function 

have been documented in CA1 hippocampal neurons [18, 19]. Interplay of genetic, 

inflammatory, and direct hyperthermia-associated factors contributed to the generation of 

prolonged febrile seizures in animal models [9]. 

Prolonged seizures appear to independently induce a cyclical cascade of inflammation and 

seizures. Seizures/status epilepticus results in activation on astroglia and microglia, release of 

cytokines (IL-1β, TNF-α, HMGB1), and activation of various downstream pathways such as 

NFkB induction, nuclear induction of cytokine proteins, and calcium-influx mediated 

activation of the kinase pathways. This further begets more seizure activity and increased 

permeability of the blood–brain barrier, leading to the recruitment of systemic inflammatory 

cells into the brain [20]. 

 

Investigations 

It is advised to use a personalised approach that includes thorough clinical evaluation and 

inquiries in accordance with the most likely clinical possibilities. Meningitis must be ruled 

out in any child who presents with a fever and seizure that is not a febrile seizure. The initial 
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investigations include CSF microscopy, protein, sugar, and culture testing, together with 

blood and, if necessary, urine cultures testing for common infections [21]. Considering the 

clinical features and epidemiologically prevalent infections, testing for dengue, chikungunya, 

enterovirus, H1N1, varicella, scrub typhus, tuberculosis, E. coli, malaria, mycoplasma, and 

chlamydia needs to be considered. In immunocompromised patients, additional investigations 

may be required to rule out opportunistic infections as well. Neuroimaging is indicated for all 

patients. Plain and contrast CT can help to diagnose acute hydrocephalus, basal exudates, 

bleeding, major sinus thrombosis, and infarcts. 

 

The results of an MRI can be discriminatory in cases where the workup for an infectious 

aetiology is normal and are useful in determining the next steps. The imaging results may 

reveal nonspecific, specific radiological findings like ANE, AESD, or RESLES, or they may 

be benign. Metabolic testing, including serum ammonia, lactate, TMS, and GCMS, may be 

included on a selective basis [22]. A toxicology screen may be indicated if history is 

suggestive, and if negative, autoimmune testing should be considered. Thus, every attempt to 

diagnose conditions where targeted therapeutic interventions are available must remain a 

priority. At times, it may be necessary to do invasive investigations such as brain 

biopsy/muscle biopsy to diagnose conditions such as CNS vasculitis. Genetic testing 

(whole-exome sequencing with rapid turnaround time) should be sent if workup has been 

unrevealing, especially in all cases with ANE phenotype. With the upcoming role of 

inflammation and targeted therapies, there may be a potential role of serum and CSF cytokine 

profiles to tailor therapies in the future [23]. 

 

Management 

Due to the rarity of these creatures, there are few rigorous methods supported by evidence. 

Since FIRES is refractory SE by definition, managing it is the most difficult of all; in other 

entities, the acute status lessens with time as the disease progresses naturally [24]. Since it is 

believed that inflammatory/cytokine-mediated pathways play a significant role in 

pathogenesis, management is centred on two lines, namely status control and 

immunomodulation. 

 

Refractory/Super-refractory status epilepticus- Status epilepticus management strategies are 

available; they are frequently customised for individuals with refractory and super refractory 

status (RSE/SRSE). Pharmacological or therapeutic coma is utilised as second line therapy 

when first line anti-epileptic medications (AEDs) fail to control seizures [25]. Midazolam, 

pentobarbital, phenobarbitone, and inhalation anaesthetics are some of the medications used 

(thiopentone, propofol, and desflurane). Targeting burst suppression rather than 

electrographic seizure control was found to be associated with a trend toward better seizure 

control and GCS at 6 months follow-up; however, higher drug doses and a higher rate of 

hemodynamic instabilities without longer PICU stay/hospitalization were also present [26]. 

Duration of inter-burst intervals was not found to be significant in predicting RSE control 

[27]. Midazolam was found to carry a better side effect profile and shorter intensive care unit 

care stay as compared to thiopentone in an adult study; similar comparisons in the pediatric 

cohort have not been attempted. These findings might also be useful in paediatric instances. It 

has been demonstrated that high dosage phenobarbitone infusions (1-3 mg/kg/h) are 

efficacious in SRSE. There have been reports of high rates of seizure recurrence during 

pharmaceutical coma tapering. Other treatments include therapeutic hypothermia, 

cannabidiol, magnesium sulphate, and early ketogenic diet (KD) introduction, with KD 
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appearing to be the most successful of these. KD was the only treatment linked to successful 

results when taken in the acute stage in a recent metanalysis [28]. 

 

Immunomodulatory therapies- Plasma exchange, intravenous immunoglobulin, and 

corticosteroid use have not been linked to successful outcomes. High dose pulsed intravenous 

corticosteroids are nearly always used as the first line treatment among them. In FIRES, 

intravenous immunoglobin either by itself or in combination with pulsed steroids does not 

appear to be any more advantageous than pulsed steroids alone [29]. However, all three 

probably do not have any significant effect on seizure control in FIRES and related epilepsy 

phenotypes. High-dose intravenous corticosteroids (methylprednisolone or dexamethasone) 

are probably the most effective in ANEC and probably the only treatment, if at all used, in 

RESLES. Of the other immunomodulatory therapies, anakinra and tocilizumab appear to be 

promising for FIRES and ANE, respectively. 

 

Ketogenic diet- Among the plethora of potential therapeutic options, the ketogenic diet (KD), 

a low carbohydrate, high fat diet, merits a special note. When employed in the acute period, 

this treatment option is the only one that has statistically proven beneficial for FIRES patients 

[30]. Through a variety of modes of action, it is hypothesised to have antiepileptic, 

immunomodulatory, and neuroprotective properties. Time to cessation of SE after KD 

initiation varied from 1–10 days to 4–6 days, maximum up to 19 days in three different 

studies. Oral and parenteral formulations are available in the market; indigenous ingredients 

can be used to tailor-make the diet where these are either not available or affordability is an 

issue [31]. Planning should probably commence at the time of initiation of pharmacological 

coma, and early initiation should be considered for optimal outcomes once it is clear that 

early immunomodulatory therapies (steroids/immunoglobulins) are probably not working. 

 

Conclusions 

A wide range of clinical and radiological characteristics are found in fever-triggered epilepsy 

and encephalopathy disorders. Pathophysiological pathways are still being better understood. 

It appears likely that genetic susceptibility, inflammation, and immaturity of the brain 

interact. For the quick implementation of immunosuppressive and immunomodulatory 

treatments, awareness of these entities is crucial. Due to the rarity of each of these conditions, 

long-term, prospective, multicentric studies are needed to better understand treatment options 

and long-term results. 
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