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Abstract: Febrile infection-related epilepsy syndrome (FIRES) is a rare catastrophic epi-
leptic encephalopathy with a yet undefined etiology, affecting healthy children. It is char-
acterized by acute manifestation of recurrent seizures or refractory status epilepticus
preceded by febrile illness, but without evidence of infectious encephalitis. To date, the
absence of specific biomarkers poses a significant diagnostic challenge; nonetheless, early
diagnosis is very important for optimal management. FIRES is mostly irreversible and its
sequelae include drug-resistant epilepsy and neuropsychological impairments. The treatment
of FIRES represents a significant challenge for clinicians and is associated with low success
rates. Early introduction of ketogenic diet seems to represent the most effective and promis-
ing treatment. This review aims to highlight the most recent insights on clinical features,
terminology, epidemiology, pathogenesis, diagnostic challenges and therapeutic options.
Keywords: FIRES, NORSE, epilepsy syndromes, inflammatory epilepsies, status
epilepticus, drug-resistance

Introduction

The acronym FIRES stands for “Febrile Infection Related Epilepsy Syndrome” and
was used for the first time by van Baalen and colleagues in 2010," although the
same clinical entity has been called in varying ways by different authors.??

The term refers to a rare catastrophic epileptic encephalopathy with a yet undefined
etiology, characterized by acute manifestation of recurrent seizures or refractory status
epilepticus (SE) preceding febrile illness, but without evidence of infectious encepha-
litis. Being mostly irreversible, FIRES is often followed by the development of drug-
resistant epilepsy and neuropsychological impairments occurring without latency. It is
sporadic and extremely rare, which significantly hampers the collection of clinical data
necessary to develop effective management strategies. To date, the absence of specific
biomarkers poses a significant diagnostic challenge; nonetheless, early diagnosis is very
important for optimal management. Diagnostic and therapeutic delay contributes to
poor outcome in SE, and although seizure control is often achieved only once the
underlying cause is identified, over 200 uncommon disorders may be responsible for
SE.* In up to 60% of cases of de novo refractory SE, diagnostic workup fails to reveal
the underlying etiology,”® which is the typical and problematic clinical scenario that
FIRES entails. We hope that this clinical review may help in correctly recognizing and
managing FIRES among this group of small but not negligible patients.
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Terminology

The most recent definition of FIRES comes from the proceed-
ings of the First International new onset status epilepticus
(NORSE) and FIRES Symposium.” The proposed consensus
definition identifies FIRES as a subcategory of NORSE. This
acronym was coined by Wilder-Smith and colleagues® to
describe a form of new onset refractory SE in patients without
active epilepsy or other preexisting relevant neurological dis-
orders, without a clear acute or active structural, toxic or
metabolic cause. Initially, NORSE was considered as specific
of the adult population while FIRES was specific of the
pediatric population; however, this distinction has been
recently challenged since it does not seem to be based on
strong scientific evidence.” In this light, FIRES is defined as
a subtype of NORSE that requires a prior febrile infection,
with fever starting between 2 weeks and 24 hrs prior to onset
of refractory SE, with or without fever at onset of SE. This
applies to all ages and there may or may not be fever at the
time of onset of SE.” This definition excludes prolonged
febrile seizures, as they usually occur in children who have
onset of fever <24 hrs prior to onset of seizures or whose fever
is recognized only after onset of seizures.’”

Epidemiology

Refractory status epilepticus following a common febrile
episode in the absence of identified infectious agents is not
frequently reported; therefore, it is extremely difficult to
extract epidemiological data from available literature. In
addition to this, before the term FIRES was adopted, cases
of encephalitis of unknown or presumed immune etiology
have been described with many different terms, such as
“acute encephalitis with refractory, repetitive partial

92

seizures”,” “severe refractory status epilepticus due to

presumed encephalitis”,'® “idiopathic catastrophic epilep-
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tic encephalopathy”,”” “devastating epileptic encephalopa-

thy in school-aged children”'? and “Childhood refractory
focal epilepsy following acute febrile encephalopathy”.’
Affected patients are mainly children between 5 and 13
years of age, with a peak during school age and a male
preponderance.'*'* Based on a prospective hospital-based
German-wide surveillance program, van Baalen and col-
leagues estimated the annual incidence and prevalence of
FIRES among children and adolescents in Germany to be,
respectively, 1: 1,000,000 and 1: 100,000." As mentioned
earlier, however, the current consensus definition of
FIRES is not limited to childhood and adolescence. The

outcome of FIRES is poor, with a death rate of up to

30%,""'* refractory epilepsy at follow-up often immedi-
ately following the acute phase” and cognitive delay in
66-100% of the survivors.'>'* The survivors with pre-
vious normal cognitive levels usually develop learning
12,14

disabilities, and only a minority survives the episode

without any neurologic sequelae.'*

Pathogenesis

The pathogenesis underlying FIRES is still a matter of debate.
Many different pathogenetic cascades and mechanisms have
been hypothesized. Several authors explored the possibility of
FIRES being a form of severe infectious encephalitis.'*'* The
idea was suggested by the typical evolution of FIRES, which
follows a febrile event and in most patients is associated with
pleyocytosis in the cerebrospinal fluid (CSF). In such light, in
a case series of 77 patients, Kramer et al carried out a thorough
and extensive investigation for possible infectious agents but
found none.'* This is not surprising, considering that so far, no
published data regarding brain biopsies of FIRES patients
have yielded typical findings of encephalitis." Other clinical
elements also seem to diverge from this hypothesis. First of all,
seizure control during the acute phase of FIRES is signifi-
cantly more difficult than in encephalitis while the risk of post-
encephalitic epilepsy is significantly higher (0-33% vs nearly
100%)." Secondly, while onset of post-encephalitic epilepsy
is typically delayed, in FIRES patients, there is no latency
between SE and epilepsy onset. Lastly, the typical biphasic
clinical course of FIRES seems more suggestive of an “infec-
tion-triggered” process than an infectious disease.
Inflammation seems to play an important but not exclusive
role in the development of FIRES. As just said, a biphasic
clinical course is suggestive of an immune disorder triggered
by an infection, even though fever itself does not seem to be a
causative agent. Consistently, while febrile SE is almost con-
comitant with fever insurgence, SE in FIRES begins days after
fever onset and said fever is often mild. In this light, inflam-
mation does not seem to trigger an acute event, but more to
contribute to the FIRES cascade through a generalized and
ongoing lowering of seizure threshold. This might be accom-
plished by an infection-induced gradual build-up of systemic
and brain-born inflammatory cytokines.'®'” The slow progres-
sive nature of such a process might be the reason for the delay
in FIRES onset. The neuro-inflammatory response, which
plays a role in epileptogenesis, seems to be a direct conse-
quence of innate immunity activation which takes place in
glial cells, neurons and the blood-brain barrier.'® ' Such
activation is usually self-limited; however, intrinsic factors
such as a genetic predisposition may be responsible for a
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lack of efficient resolution of the process. Progressive accu-
mulation of inflammatory cytokines could then give way to a
vicious cycle of aberrant hyperexcitability'® and/or a structural
epileptogenic remodeling of brain networks.*? Several other
potential causes have been suspected and discussed in the
literature, but currently, none of them has been confirmed.
The abovementioned biphasic timing of FIRES has led
researchers to look for an autoimmune mechanism; however,
the search for specific autoantibodies has so far yielded scarce
results.'*** One notable exception is the reported finding of
anti-GABA A Receptor antibodies in a case of FIRES which
responded to ketamine and high-dose intravenous steroids.**
Response to immunotherapy, however, seems to be the excep-
tion, not the rule.”> An autoimmune reaction may, however,
have a role in at least some cases of FIRES in which it may act
as a trigger for a metabolic disease or channelopathy.?>2’
Some case series reports showed no clear correlation between
FIRES and SCN1A, PCDH19 or POLG1 gene mutations.***’
In conclusion, however, the underlying pathogenic mechanism
of FIRES seems to be a double-hit process: a synergistic effect
between an immune response to a febrile illness or to an

Systemic
infection

genetic

infection affecting the brain and an intrinsic predisposition
toward an auto-sustaining epileptogenic process. We illu-
strated a possible mechanistic model of epileptogenesis in
FIRES in Figure 1.

Diagnosis

As no certain cause of FIRES has been identified yet in the
majority of patients, diagnosis of FIRES is essentially
clinical” and no biological markers or genetic testing are
available for diagnosis. Affected patients have an unremark-
able neurological history and, in close relation with a febrile
illness (mainly upper respiratory tract infection or, less fre-
quently, gastroenteritis), abruptly develop several seizures
(even 50—100 per day). In less than 24 hours, seizures evolve
toward a prolonged, refractory SE. Seizures and SE dominate
the clinical presentation, and in more than 50% of patients,
fever has disappeared when the first seizures occur.'
Cognitive and behavioral prodromes are unlikely and may
suggest an alternative diagnosis (i.e. autoimmune
encephalitis).**>' Seizures at disease onset are mainly focal
or secondarily generalized.'"* The most frequent ictal
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Figure | A possible mechanistic model of epileptogenesis in FIRES: a systemic infection acts as a trigger of the “neuroinflammatory cascade”, creating a vicious circle leading

to chronic epilepsy.
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manifestations reported*® include chewing movements, lat-
eral head deviation and subtle vegetative signs (i.e. modifica-
tion of heart rate and/or mydriasis), though clonic jerks of the
mouth with drooling and jerks of the upper or lower limbs
can also occur. Between seizures, patients are drowsy or even
comatose, requiring high-dose anesthetics or midazolam and
mechanical ventilation. SE is usually prolonged and lasts
several weeks or months despite many antiepileptic drug
(AED) trials.'>'* In almost all cases, the outcome is char-
acterized by chronic intractable epilepsy and major cognitive
disabilities."* By definition, FIRES occurs as a fever-trig-
gered NORSE in patients without preceding epilepsy or other
neurological disorders without clear or active causes.’
Therefore, the initial clinical assessment is crucial and exten-
sive investigations are necessary to exclude similar condi-
tions associated with acute onset of SE and in particular those
amenable to specific treatment. Careful history taking, neu-
rological examination and basic laboratory testing might
identify the most common etiologies of SE, such as disconti-
nuation or changes in AED regimen, intoxication, central
nervous system infections, acute or remote structural brain
injury and acute metabolic imbalances.” CSF testing is
usually negative, with moderate to no pleocytosis and
absence of markers for viral infections and autoimmunity
(oligoclonal band)*® as well as antineural antibodies (mainly
anti-VGCK complex, anti-NMDA Receptor, anti-AMPA
Receptor, and anti-GABA B Receptor).”” During the acute
phase, standard EEG and continuous EEG monitoring are of
paramount importance in guiding correct therapeutic inter-
ventions, assessing sedation levels and recognizing non-con-
vulsive SE.** Although seizures are often generalized, their
semiology indicates focal onset and EEG ictal recordings
confirm that discharges are often temporal or perisylvian
with opercular extension. Interestingly, in a series published
by Van Baalen et al., ictal and interictal EEG data showed a
single epileptic focus in less than 10% of patients.*> The
frequent presence of a shifting focal seizure pattern indicates
that both hemispheres are affected while interictal EEG
recordings show generalized slow waves.’® Unfortunately,
EEG has a limited value in differentiating FIRES from epi-
lepsy or encephalopathy of possible autoimmune etiology.
Initial brain MRI scans are mostly negative or may show
abnormalities predominantly in the temporal regions, or
additionally, in the insula and the basal ganglia, that may be
both transient or irreversible."'*'* Early MRI scans (within
the first weeks) may show swelling of the mesial temporal
structures with increased T2-weighted signal as observed in
limbic encephalitis.'~® Follow-up MRI scans (after 6

months) may show bilateral mesial temporal atrophy and
increased T2-weighted signal but are normal in half of the
cases.’® Positron emission tomography scans usually high-
light large areas of hypometabolism involving the orbitofron-
tal and temporoparietal cortices bilaterally. There is a good
correspondence with the cortical areas associated with lan-
guage, behavior and memory, which are also the most fre-
quently recorded ictal onset zones. Other evaluations should
be undertaken based on the case’s characteristics. It is impor-
tant to consider that during childhood, many peculiar condi-
tions can result in prolonged SE, including febrile seizures
and febrile SE. Also, genetic disorders such as Dravet syn-
drome and Alpers syndrome involve fever-associated SE.
Therefore, a differential diagnosis with genetic associated
with fever-induced epilepsy (such as in SCN1A, PCDH19
or POLGI related epilepsies) should be taken into account.

Treatment

The treatment of FIRES represents a significant challenge
for clinicians and is associated with low success rates,
especially during the acute phase. Systematic studies are
still lacking and the limited number of published case
series propose several therapeutic approaches, none of
which appear to be significantly effective, with the excep-
tion of the ketogenic diet. In relation to the previously
discussed role of inflammation in the pathogenesis of
FIRES, high-dose intravenous steroids have been tried
despite the risk of severe adverse events.’* First-line and
second-line immunotherapy might be useful, such as intra-
venous immunoglobulins and plasmapheresis although
efficacy is still debated. The efficacy of tacrolimus, ritux-
imab and/or cyclophosphamide is unclear, even though
there are some reports of improvement in patients for
which other immunotherapies failed.** " First-line treat-
ment of SE initially consists of benzodiazepines (loraze-
pam, diazepam, midazolam, clonazepam), followed by
standard anticonvulsant drugs,'* although FIRES typically
does not respond to high doses of conventional anticonvul-
sant medications. Second-line intervention usually entails
the use of anesthetic agents, in particular, infusion of mid-
azolam and barbiturates (pentobarbital and thiopental).*®
Midazolam appears as effective as thiopental but is asso-
ciated with fewer adverse events, faster discharge from
intensive care, and better long-term neurological
outcome.>”*° High doses of phenobarbital have also been
proven effective and with fewer side effects than
anesthetics.”® Further anesthetic agents such as propofol
are used in the management of refractory SE, though its
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prolonged use in children is discouraged due to the risk of
propofol infusion-related syndrome.** Burst-suppression
coma induction is standard care in super-refractory SE,
although when barbiturates are weaned seizures frequently
reappear.”> Moreover, there are concerns regarding its use
in FIRES, since prolonged burst-suppression coma has a
significant association with a worse cognitive outcome and
with a more severe course of the disease.”® The ketogenic
diet (KD) has been used successfully in patients with
refractory seizures and, according to some reports, has
shown some efficacy in FIRES.*'™* It has been hypothe-
sized that the KD may not only have an anticonvulsant
effect (e.g., through the production of decanoic acid which
induces a direct inhibition of the post-synaptic excitatory
AMPA) but also anti-inflammatory. This might be of great
significance in the treatment of FIRES. Early introduction
of a KD could be effective not only during the acute phase
but also in long-term epilepsy management.>> According to
some reports, it appears to have a positive effect on both
seizure control and cognitive outcome and should therefore
be considered precociously in the course of treatment, even
as first-line therapy.”® Therapeutic hypothermia may be
effective in the control of SE by reducing pro-inflammatory
cytokine levels and protecting the integrity of the BBB.’
Cannabidiol (CBD) acts by decreasing glutamate and
gamma-aminobutyric acid synaptic transmission in the
brain. In a recently published case series, CBD appeared
effective in reducing frequency and duration of seizures in
patients with FIRES who had not responded to standard
antiepileptic drugs or other therapies.** Anakinra, a recom-
binant and modified version of the human interleukin-1
receptor antagonist protein, has been used effectively in
these patients, both in the acute phase and in the outcome.*
Finally, there are isolated reports of good seizure control in
FIRES after continuous intravenous administration of mag-
nesium sulfate.*® Currently, no systematic studies on the
treatment of the aftermath of FIRES exist. The existing
data collected from a limited number of reports show that
seizures are mostly very difficult to treat and often require
polytherapy. Vagus nerve stimulation (VNS) is generally
introduced as chronic treatment for seizure control after
recovery from SE. Notwithstanding, VNS appears to have
a favorable effect on SE, NORSE and generalized convul-
sive seizures in children with post-FIRES medically
intractable epilepsy.*’”*® For the latter, the use of CBD
has also been proposed*®>* We have summarized the
most commonly used and effective. treatments of FIRES
in Table 1.

Table | Treatment strategies in FIRES

Treatment Range of dosages

Ketogenic diet I: to 4:1 Ketogenic ratio®

Cannabidiol 15-25 mg/kg/day™**

Midazolam Bolus 0.03-0.5 mg/kg Infusion: 0.02—1/2 mg/kg/h*’

Phenobarbital Infusion >10 mg/kg/h with serum levels 60100 mg/dL**

Propofol Bolus 1-3 mg/kg Infusion: 0.1-24 mg/kg/h** >'
Thiopental Bolus 4-5 mg/kg Infusion 0.5—12 mg/kg/h**
Steroids Intravenous methylprednisolone |10-30 mg/kg/day for

3-5 days, then oral prednisone | mg/kg/day’

Plasmapheresis 3-5 exchanges, one every other day’

52,53

Immunoglobulin | Intravenous immunoglobulins 0.4 g/kg/day for 5 days

Conclusions

FIRES is a yet poorly understood clinical entity, affecting
healthy children, with catastrophic sequelae. Treatments
are poorly effective and therefore new insights concerning
its pathogenesis are still strongly needed in order to
develop more targeted therapies.

Disclosure
All of the authors declare that they have no conflicts of
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