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ABSTRACT

Febrile infection-related epilepsy syndrome (FIRES) is an intractable neurological disease
characterized by an unexplained refractory status epilepticus triggered by febrile infection.
A Consensus definition of FIRES was proposed in 2018, and its clinical features and prog-
nosis are gradually being clarified. However, the development of effective treatments has
been hindered as the etiology of this rare disease is as yet unelucidated. The basic
approach to the management of FIRES, like other forms of epilepsy, is based on the control
of seizures, however seizures are extremely intractable and require intravenous admin-
istration of large doses of anticonvulsants, mainly barbiturates. This treatment strategy
produces various complications including respiratory depression and drug hypersensitivity
syndrome, which make it more difficult to control seizures. Consequently, it is crucial to
predict these events and to formulate a planned treatment strategy. As well, it is important
to grow out of conventional treatment strategies that rely on only anticonvulsants, and
alternative therapies are gradually being developed. One such example is the adoption of a
ketogenic diet which may lead to reduced convulsions as well as improve intellectual
prognosis. Further, overproduction of inflammatory cytokines in the central nervous sys-
tem has been shown to be strongly related to the pathology of FIRES which has led to at-
tempts at immunomodulation therapy including anti-cytokine therapy.

Febrile infection-related epilepsy syndrome (FIRES) is an
intractable neurological disease characterized by an unex-

[1,2]. In adults, the term “new-onset refractory status epi-
lepticus (NORSE) syndrome” is often used and both conditions

plained refractory status epilepticus following febrile infection have been considered to be the same disease concept in
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principle [3]. A consensus definition for FIRES and NORSE was
proposed in 2018 [4,5]. In this proposal, NORSE was defined as a
clinical presentation, not a specific diagnosis, in a patient
without active epilepsy or other preexisting relevant neuro-
logical disorder, with new onset of refractory status epilepticus
without a clear acute or active structural, toxic or metabolic
cause, while FIRES was categorized as a subcategory of NORSE,
applicable for all ages, that requires a prior febrile infection
starting between 2 weeks and 24 h prior to onset of refractory
status epilepticus, with or without fever at onset of status
epilepticus. Since these definitions were created with the
intention of early diagnosis and treatment of NORSE and FIRES,
a more specific diagnosis may be achieved following a detailed
etiological investigation [4]. For example, under the current
definitions, the exclusion of anti-NMDA receptor encephalitis is
deemed unnecessary and a diagnosis of NORSE and FIRES can
be made even if the anti-NMDA receptor antibody is positive.
Conversely, tests for autoantibodies including anti-NMDA re-
ceptor antibodies have been reported to be negative in pediatric
FIRES [6], suggesting a gap between the consensus definition
and the previously reported concept of FIRES. An understand-
ing is shared among clinicians that there is a highly uniform
group that fulfills NORSE/FIRES criteria with no identifiable
causes, which is called ‘cryptogenic’ NORSE/FIRES [7]. This re-
view mainly discusses this cryptogenic NORSE and FIRES.

Clinical features of FIRES
Clinical symptoms

In FIRES, fever is observed in many cases prior to the
appearance of neurological symptoms, and seizures develop
after an incubation period of about 3—7 days [8]. Seizures
gradually increase after about a week, leading to intractable
cluster seizures. These seizures are characterized by many
focal seizures around the face [9,10]. Because seizures at the
nadir are markedly refractory to anticonvulsants, it is neces-
sary to administer large amounts of anticonvulsants intrave-
nously. As a result, intensive care such as artificial ventilation
is required, and various therapeutic problems will be
encountered as described below [11]. Furthermore, since
markedly intractable seizures persist for a long time, it is
extremely difficult to withdraw the drug. The frequency of
seizures gradually decreases and treatments can be tapered,
but in many cases epileptic seizures last a lifetime, leaving
neurological sequelae such as intellectual disability [1,12,13].
Thus, an important feature of FIRES is that it is an intractable
chronic neurological disease of acute onset.

Laboratory findings

Various theories, including the role of inflammatory mecha-
nisms, have been speculated as the cause of FIRES [8,14]. An
inflammatory cause is supported by the frequent observation
of transient increases in cerebrospinal fluid pleocytosis.
Additionally, abnormally high levels of pro-inflammatory cy-
tokines and chemokines are found in the cerebrospinal fluid
in the early stage of onset, presumably due to strong activa-
tion of the immune system in the central nervous system

[15,16]. Such marked pro-inflammatory cytokine changes may
be seen in infectious encephalitis but not in many autoim-
mune neurological disorders. However, the link between
FIRES and any particular pathogen has not been proven. As
mentioned above, anti-neural antibodies are negative for
cryptogenic FIRES. FIRES is not caused by SCN1A, POLG,
PCDH19 mutations or rare copy number variations [17], while
ILIRN gene polymorphism was associated with FIRES [18].
Non-specific hippocampal abnormalities may be detected by
neuroimaging including brain MRI [19]. In severe cases,
abnormal signals are also detected in the thalamus, basal
ganglia, and cerebral cortex. Lesions within the claustrum
may be observed in adult patients with refractory status epi-
lepticus following febrile illness and is considered to be a
concept that overlaps with FIRES [20—22].

Neurocritical care of FIRES
General management

It is essential to understand the natural course of FIRES in the
practical management. In FIRES, prolonged status epilepticus is
rather infrequent, and thus seizures are not often accompanied
by sudden deterioration of general condition. Characteristically,
the post onset progression is relatively slow and the occurrence
of respiratory and circulatory insufficiency in the early stages of
disease is rare. Rather, the problem may be due to cardio-
respiratory suppression consequent to long-term administra-
tion of barbiturates. Based on this context of prolonged intra-
venous administration, paralytic ileus often renders intestinal
nutrition difficult. In rare instances, systemic inflammatory
response syndrome with cytokine storm may occur [23].
Hemophagocytic lymphohistiocytosis is another complication
of FIRES and the co-occurrence of these rare disorders may be
attributed to a common immune dysregulation [24].

Neurocritical care and examination

Another characteristic of FIRES is that cerebral edema is rarely
observed [19]; thus, careful management of intracranial pres-
sure is not necessary in most cases. In the acute phase of FIRES,
electroencephalography (EEG) findings best reflect disease sta-
tus; hence, continuous EEG monitoring is essential [25]. Burst-
suppression by intravenous barbiturate has been regarded as
a standard care for initial treatment, and sometimes complete
suppression may be required. Even if clinical seizures are not
observed, subclinical seizures often appear on the EEG period-
ically, and continuous EEG monitoring is essential for assessing
the therapeutic effect. In severe cases, periodic discharges may
persist during intermittent seizures, and if these findings are
observed, seizures often recur when the anticonvulsant is
reduced [22]. Thus, in FIRES, the fundamental approach lies in
the adjustment of anticonvulsants based on EEG findings.

Targeted temperature management
There is no definitive consensus on the effectiveness of tar-

geted temperature management, including cerebral hypo-
thermia, in the management of FIRES. Rather than cerebral
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protection, the goal of hypothermia treatment in FIRES is to
control seizures, and in this regard the treatment strategy
differs from other acute neurological disorders. Since there is
exacerbation of seizures during fever conditions, controlling
body temperature (brain temperature) may be beneficial for
the suppression of convulsions. Additionally, cerebral hy-
pothermia may mediate a reduction in the strong inflam-
matory response often observed in FIRES. To date, there have
been only a few cases of cerebral hypothermia for FIRES [26],
and there is no fixed protocol; hence, further study is needed.

Problems in treating FIRES

Two challenging issues are faced in the treatment of FIRES,
the exceptionally refractory nature of the seizures and the
necessity of prolonged management in intensive care unit. In
order to confront these issues, prior comprehension of
treatment-related problems and the formulation of a long-
term strategy based on such understanding are necessary.

Anticonvulsant use

Due to the extreme intractability of the seizures in FIRES,
barbiturates or benzodiazepines are used in almost all cases
[10]. Barbiturates are used particularly for cases where ben-
zodiazepines such as midazolam have been ineffective in the
suppression of seizures and high doses (up to 20 mg/kg/hr for
thiopental) are may be required. There have also been reports
of the need for the use of inhaled anesthetics due to uncon-
trolled seizures even with maximal doses of barbiturates [27].
The cardio-respiratory suppression is inevitable in these
cases, and thus the administration of artificial ventilation by
the use of vasopressors and intravenous hyperalimentation
are necessary. There has been debate on such extensive
treatment for the purpose of complete suppression of seizures
in FIRES, and the question of how to set therapeutic goals
must be solved in the future. Along with the issue of dosage,
the duration of treatment is another clinically important issue
concerning the administration of barbiturates. In addition to
the harmful effects of barbiturates, a poor prognosis has been
reported as a consequence of the use of large doses of barbi-
turates for long periods in the management of FIRES [1,28].
While there is controversy regarding this report, efforts
should be made to minimize the administration period of
barbiturates.

Method and timing of withdrawal from intravenous
barbiturates

Typically, seizures can often be managed after the induction
of burst-suppression coma for status epilepticus along with
the combined use of other intravenous anticonvulsants.
However, seizures often recur after tapering barbiturate and
drug dosages must be increased. Therefore, replacement
therapy for intravenous barbiturate is important during the
recovery period, and several methods have been proposed.
The ketogenic diet described below is a particularly effective
treatment for FIRES and lidocaine, phosphenytoin, levetir-
acetam, etc. are effective as intravenous drugs [29,30]. Oral

antiepileptic drugs such as topiramate and potassium bro-
mide may also work [29]. However, since the effectiveness of
drugs varies from case to case, effective combinations of drugs
must be determined through trial and error.

Adverse effects of anticonvulsants

In FIRES, long-term administration of large doses of anticon-
vulsants often causes side effects. Hepatic dysfunction is
often observed in FIRES, but most of which present after drug
treatment has started and are presumed to be drug-induced
hepatic disorders. Venous thrombosis may occur as iatro-
genic complication of prolonged catheterization. In addition,
arrhythmia was frequently found during the acute stage,
possibly due to multiple medications or neurogenic
arrhythmia [11]. The most important of these adverse effects
is drug hypersensitivity syndrome. This is mainly caused by
anticonvulsants, particularly intravenous barbiturate. The
majority of these symptoms present as drug exanthemas and
often resolve following withdrawal of the causative drug.
However, in many cases, the simultaneous administration of
a large number of anticonvulsants at this point makes it
extremely difficult to identify the causative agent. Moreover, it
is not uncommon for drug eruptions to reappear even after
changing anticonvulsants, which greatly restricts the use of
anticonvulsants. However, a reduction in the anticonvulsant
dosage worsens seizures. Moreover, hypersensitivity syn-
drome is often accompanied by fever. There is a report on a
FIRES case with a progression from drug hypersensitivity
syndrome to multiple organ failure such as shock and renal
failure, leading rapid deterioration of the general condition
[23]. Thus, drug hypersensitivity syndrome is an important
factor in determining the prognosis of FIRES, its occurrence
must be considered while treatment is beingimplemented. Up
to present time, there is no known method for predicting or
preventing the occurrence of drug hypersensitivity syndrome.

Emerging treatments

Existing treatments for FIRES are still inadequate and there are
many associated problems, including adverse reactions [Fig. 1].
This suggests that therapeutic strategies that rely on antiepi-
leptic drugs have their limitations, and there is an urgent need
to develop therapeutics based on different methodologies.
Recent research has provided new solutions, some of which
have already been applied in the clinical practice [Table 1].

Ketogenic diet

The report on the effectiveness of the ketogenic diet in the
management of FIRES has generated significant interest on its
usefulness in FIRES [31]. While ketogenic diet therapy has
been used for epilepsy for a long time, its effectiveness has
recently been rediscovered as it may prove effective for
intractable epilepsy. Its high effectiveness for FIRES in
particular has attracted attention. It has been reported that
ketogenic diet therapy not only reduced seizures in FIRES [32]
but also improved intellectual prognosis [33]. The introduction
of the ketogenic diet during the acute phase of FIRES remains
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Fig. 1 Clinical and therapeutic course of cryptogenic FIRES. In the typical cases of cryptogenic FIRES, patients reaches a nadir at
about one week after the onset, when they require high-dose intravenous barbiturate as well as other intravenous
anticonvulsants and immunomodulators. Such extensive treatments frequently cause many adverse events including cardio-
respiratory suppression and drug hypersensitity syndrome. Emerging treatments including ketogenic diet and anti-cytokine
agents are promising options to minimize therapeutic complications. Abbreviations used: IVIG: intravenous immune;

mPSL: methylprednisolone.

challenging due to the difficulty of oral intake. Carbohydrate
restriction alone may protect against seizure activity because
some cases show dramatic seizure reduction soon after
glucose was removed from intravenous fluids. However, there
are concerns about the safety of maintenance of a state of
starvation in severe cases and the effect on long-term prog-
nosis is unknown. Additionally, as the ketogenic diet has
proved ineffective in a few cases, further investigation on its
indication/contraindication and standard regimen in the
treatment of FIRES is needed.

Immunomodulatory treatment

As the etiology of FIRES is still unknown, its treatments that
have been reported so far have mainly been symptomatic.
Based on the hypothesis that neuroinflammation is associ-
ated with FIRES, various immunomodulatory therapies
including the use of corticosteroids have been attempted.
Although many reports do not provide evidence supportive of
any short-term effect on seizures, there have been reports of
the efficacy of pulsed methylprednisolone and intravenous

Table 1 Emerging treatments for febrile infection-related epilepsy syndrome.

Treatment Mechanism of action Efficacy on FIRES Reference
Ketogenic diet Unknown Suppress refractory status epilepticus 31, 32, 33
Improve cognitive outcome

Pulsed methylprednisolone and Reduce production of pro- Suppress refractory status epilepticus 34
intravenous immunoglobulin inflammatory cytokines?

Anakinra (a human IL-1p receptor Blocking of IL-1B Suppress refractory status epilepticus 36, 37, 38
antagonist)

Tocilizumab (a humanized anti- Blocking of IL-6 Suppress refractory status epilepticus 39

human IL-6 receptor monoclonal
antibody)

Abbreviations: IL-1B: interleukin 1B; IL-6: interleukin-6.
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immunoglobulin (IVIg) in febrile refractory status epilepticus,
including FIRES [34]. While the mechanism is unknown, it is
possible that the suppression of excessive cytokine produc-
tion in the central nervous system modifies the pathology.

Anti-cytokine therapy

In addition to the use of nonspecific immunomodulatory
therapies such as steroids and IVIg for the treatment of FIRES,
close attention is being paid to new modalities involving the
targeting of inflammatory cytokines. Animal studies have
shown that inflammatory cytokines such as interkleukin-1B
(IL-1B), IL-6, and TNFa are closely related to convulsions [35],
and attempts have been made to suppress convulsions by
inhibiting related pathways. One turning point was the dis-
covery of elevated levels of cytokines in the cerebrospinal fluid
in FIRES [15], and this finding has accelerated the clinical trial
of anti-cytokine therapy. Anakinra, a human IL-1p receptor
antagonist (IL1RA), has been reported to suppress seizures in
FIRES [36,37]. Mechanistically, FIRES is associated with
reduced expression of intracellular IL1RA isoforms and a
functional deficiency in IL1RA inhibitory activity [38].
Furthermore, tocilizumab, a humanized anti-human IL-6 re-
ceptor monoclonal antibody, also suppressed status epi-
lepticus in NORSE [39]. IL-6 is one of the molecules that are
significantly increased in the cerebrospinal fluid in FIRES, and
the success of these treatments has simultaneously proved
that inflammatory cytokines actually promote the pathology
of FIRES.

Conclusion

With the rapid progress in the treatment of epilepsy, FIRES/
NORSE remains a difficult disease to treat and the prognosis is
extremely poor. Basic and clinical studies on this disease have
not sufficiently advanced, and one of the causes is that it is an
extremely rare disease. To overcome this problem, attempts
are being made to identify clinical features and biomarkers
through multicenter research. Emerging anti-cytokine thera-
pies are highly encouraging treatments and we hope that
further research will overcome this disastrous disease.
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