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1 | INTRODUCTION

Febrile infection-related epilepsy syndrome (FIRES) is
a catastrophic epileptic encephalopathy affecting previ-
ously healthy individuals. Its occurrence is extremely rare,
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Abstract

Febrile infection-related epilepsy syndrome (FIRES) is a prolonged refractory
status epilepticus (SE) that develops among healthy individuals after a febrile
infection. FIRES treatment is challenging due to its poor response to antiseizure
medications (ASMs) and anesthetic drugs. The use of cannabidiol (CBD) as an
adjunctive treatment has been suggested, albeit data about its role in the acute
phase is lacking. This report describes the use of purified CBD in the acute phase
of two pediatric cases of FIRES and their long-term outcome. Both children were
treated with several ASMs, immunomodulators, anesthetics, and nonpharma-
cological treatment (ketogenic diet). CBD was administered, as an adjunctive
treatment, through nasogastric tube about 30 days after onset. SE resolved within
3days of reaching the target dose and both were seizure-free for 1year after.
Although it is difficult to define the extent to which each previous therapy con-
tributed to recovery, in both cases CBD therapy was a turning point, reinforcing
its potential role as add-on treatment in the acute phase of FIRES.
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with an estimated incidence of one per million." FIRES is
characterized by the onset of new-onset refractory status
epilepticus (NORSE) between 2weeks and 24 h after a fe-
brile infection.”* Typically, seizures increase in frequency
and duration and show minimal response to antiseizure
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medications (ASMs) over a period of 2-7 days after onset.’
High rates of mortality in the acute phase of FIRES are de-
scribed and delays in diagnosis and administration of ap-
propriate therapies may contribute to poor prognosis, with
frequent evolution into chronic, drug-resistant epilepsy
and severe cognitive and behavioral impairment.>>*¢
Therefore, the achievement of timely therapeutic success
is crucial in the acute phase of the syndrome.

Other than the early administration of traditional
ASMs and immune modulatory drugs, the use of canna-
bidiol (CBD) has been suggested at any time during the
course of the disease as an adjunctive treatment to modu-
late epileptogenesis.>>®’ Nevertheless, literature evidence
about its use in the acute phase of FIRES is poor and very
few cases have been reported with uncertainty regarding
the efficacy. Long-term outcome data are also lacking.®®

Here we report the use, efficacy, and tolerability of
highly purified CBD in the acute phase of two pediatric
cases of FIRES and their long-term outcome.

2 | CASE1

A four-year-old boy with no personal or familial history
of neurological disease presented with high fever and
pharyngitis resolved in 3days. Two days later, sleepiness
and hyporeactivity appeared and the child was admit-
ted to the Emergency Department (ED); while in ED he
developed repeated focal impaired awareness seizures
characterized by behavior arrest, upward deviation of the
eyes, sialorrhea, and oral automatisms. Fever up to 38°C
and low oxygen saturation were also found. After the
failure of the first-line therapy, he underwent intubation
and was transferred to the Pediatric Intensive Care Unit
(ICU). The video-electroencephalogram (EEG) recording
showed nearly continuous clinical and electroclinical sei-
zures, and a diagnosis of FIRES was provided. The boy un-
derwent different paraclinical investigations without any
findings hinting at a specific etiology (Table 1).

Many therapeutic strategies were applied (Figure 1)
with limited response. Even the induction of burst sup-
pression electrical pattern with anesthetic agents did
not stop the electrical seizures. On day 8, a ketogenic
diet (KD) was started but soon after stopped because of
hypertriglyceridemia.

On day 26 CBD and clobazam (CLB) were started via
nasogastric tube (NGT), concomitant with phenobarbital
dose rise. CBD was initially administered at a dosage of
6 mg/Kg/day, rapidly increasing up to 12mg/Kg/day in
4days. Electroclinical seizures gradually reduced in fre-
quency until they disappeared on day 33. The boy was then
extubated and transferred to the Child Neurology ward;
after intensive rehabilitation, there was almost complete

recovery of neuromotor, cognitive, and communicative
competencies. He was seizure-free for 1year when then
presented with structural focal seizures as a consequence
of hippocampal sclerosis.

3 | CASE?2

A six-year-old boy with unremarkable personal and
family medical history developed fever, dry cough, and
maculopapular erythema of the lower limbs 17 days after
measles-mumps-rubella and diphtheria-tetanus-pertussis
vaccination. Symptoms resolved after ibuprofen and par-
acetamol administration at home but, 2days later, he
presented a first focal impaired awareness seizure char-
acterized by behavior arrest, right deviation of the eyes,
and ipsilateral clonus. The child was admitted to the local
hospital and seizures rapidly evolved into refractory status
epilepticus (SE); therefore, he was promptly transferred to
the Pediatric ICU of our hospital, as a third-level regional
hub. The EEG showed nearly continuous clinical and
electroclinical focal seizures.

Although a diagnostic work-up was performed to rule
out any infectious, autoimmune, and metabolic etiology,
all investigations were unrevealing (Table 1). A diagnosis
of FIRES was provided.

As in the previous case, several ASMs, anesthetic
drugs, anti-inflammatory, and immunomodulatory agents
were administered (Figure 1), with partial or no effect.
Nineteen days after SE onset he started a standardized KD
with a 3:1 ratio, which did not provide any improvement.
CBD and CLB were started as add-on therapy 31days
after SE onset via NGT. CBD was initially administered at
a dosage of 4mg/Kg/day, increasing up to 20 mg/Kg/day
in 11days. After the introduction, he gradually improved,
with a complete seizure recovery 3 days after reaching the
full dose. Moreover, interictal epileptiform abnormalities
on the EEG gradually disappeared. The child was then
transferred to the neuropediatric ward and underwent in-
tensive rehabilitation. He was discharged almost 3 months
after the onset, seizure-free, with only mild cognitive diffi-
culties. Since then, he has been seizure-free.

Both patients received the same plant-derived pharma-
ceutical formulation of highly purified CBD according to
the local clinical practice for off-label medications. We ob-
tained the consent of parents and local ethic committees.

4 | DISCUSSION

Our reports highlight the potential efficacy of highly puri-
fied CBD as add-on therapy in the acute phase of FIRES.
In both our cases, SE persisted for a long time despite
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TABLE 1

Investigations at
onset

EEG characteristics

Outcome and
follow-up

CSF

Autoimmune screening
on CSF and serum*

Infectious screening
on blood, CSF, and
urine*

Inflammatory
markers

Brain MRI

Epileptiform
discharges

Burst suppression
achieved (days since
onset)

Duration of burst
suppression

Status epilepticus recovery
(days since onset)

Duration of ICU stay
(days)

Duration of hospital stay
(days)

Outcome at discharge
(MRS score)

Last FU (months since
onset)

Outcome at last FU
(MRS score)

ASMs at last FU
EEG at last FU
MRI at last FU

Note: *further details are provided in the supplements.

Investigations at onset, EEG characteristics, outcome, and follow-up.

Case n°1

Leucocytes 11/mmc (98% lymph). Normal
Link and barrier indexes.

Negative

Negative

INF Score for INFa on blood: 26.77
(versus controls 4.67)

Day 2: MRI T2 hyperintensity in left
hippocampus. Mild cortical alterations
in right F-insular area.

Day 13: evolution in left hippocampal
sclerosis; mild diffuse atrophy or
pseudoatrophy

Focal high amplitude spikes and waves
(FT mostly right with SG)

33

37

54+ rehabilitation center

moderate disability (3/5)

24

No disability (1/5): Short-term memory
difficulties and speech fluency
disorder

CBD, CLB, OXC, LEV
Focal left T and F abnormalities

Left hippocampal sclerosis
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Case n°2
Leucocytes 12/mmc (91.6% lymph).
Normal Link and barrier indexes

Negative except for weakly positive
GluR3 on serum

Ab Anti SARS Cov-2381 U/mL on
serum

Cytokines on CSF: IL1f3, IL12p70 and
TNF-a not detectable, IL6 295 pg/
mL, IL8 2152 pg/mL, IL10 2 pg/mL

Day 2: Normal
Day 6: Normal
Day 20: Normal
Day 59: Normal

Focal right FT fast activity followed by
rhythmic spike and spike-and-wave
complexes, then shifting to the
contralateral side

45

44

96

mild disability (2/5)

13

No disability (1/5): Difficulties in visual
reasoning skills and verbal memory;
speech fluency disorder

CBD, CLB
Normal

Normal

Abbreviations: ASMs, anti-antiseizure medications; CBD, cannabidiol; CLB, clobazam; CSF, cerebrospinal fluid; EEG, electroencephalogram; F, frontal;
FU, follow-up; ICU, intensive care unit; LEV, levetiracetam; lymph, lymphocytes; MRI, magnetic resonance imaging; MRS, modified Rankin scale; OXC,

oxcarbazepine; SG, secondary generalization; T, temporal.

several ASMs, immunomodulatory or anesthetic drugs, or
KD, but resolved within 3days after the achievement of
CBD's target dose.

Despite the recent proposal to consider the use of CBD
at any time during the course of the disease,’ there are
only four reports in the literature regarding its therapeutic

application in the early stages of the disease: Gofshteyn
et al. described two children treated with CBD and CLB

after 19 and 33 days from the syndrome onset: SE ceased in

one patient; the other experienced a change in seizure fre-
quency but passed away a few days later due to isoflurane-
related multiorgan failure.® Sa et al. reported two cases of
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FIGURE 1 Treatment timeline. Case 1 is represented above the timeline and case 2 below. The different treatments are graphically
arranged in order of use from oldest to newest from bottom to top for case 1 from top to bottom for case 2. BDZ, benzodiazepines; CBD,
cannabidiol; ICU, intensive care unit; Ivlg, intravenous immunoglobulins; IvMP, intravenous methylprednisolone; LCM, lacosamide; LEV,
levetiracetam; OXC, oxcarbazepine; P, plasmapheresis; PB, phenobarbital; PHT, phenytoin; TPM, topiramate; VPA, valproate.

FIRES in which CBD was added to KD or Anakinra in the
acute phase (day 14 and 20 from the onset, respectively),
with no clear-cut efficacy in reducing seizure frequency,
consequently, other therapeutic strategies (i.e., deep brain
stimulation) were pursued.®

The rationale of CBD's therapeutic role in the syn-
drome's acute phase is unclear and remains to be deter-
mined; this implies a deeper understanding of the still
debated etiopathogenesis(s) of FIRES and the mecha-
nisms leading to poor acute and long-term outcomes.

The most current evidence suggests a dysregula-
tion of innate immunity with a functional deficiency of
anti-inflammatory pathways: among predisposed in-
dividuals, febrile infections may induce a fulminant
cytokine-mediated inflammation in the central ner-
vous system (CNS) resulting in seizure threshold reduc-
tion.*>%!° The onset of recurrent seizures provokes acute
receptor changes (such as internalization of GABA recep-
tors, reduction of presynaptic adenosine Al receptors,
and NMDA expression increase) that contribute to the

development of a vicious cycle of aberrant hyperexcit-
ability and refractory SE.>''? Eventually, this will result
in neuronal death caused by intracellular calcium accu-
mulation, adenosine triphosphate (ATP) depletion due to
mitochondrial dysfunction, and excessive reactive oxygen
species (ROS) production through NADPH.'* The frequent
finding of proinflammatory cytokine profiles and the effi-
cacy of anti-inflammatory and anticytokine therapies in
treating the condition support this hypothesis.***419

In both of our cases, there was evidence to suggest a
cytokine storm: interferon score for IFN alpha (i.e., quan-
titative measure for IFN alpha cascade gene expression)
was measured in Case 1 as a research protocol proving
six times higher than controls, confirming a cytokine-
mediated pathway of inflammation.?® In Case 2, cytokines
were measured on CSF and serum at different stages of
the disease, and interleukin (IL)-6 was increased on CSF
in the acute phase, consistently with literature data.?!

Interestingly, the mechanisms underpinning CBD's
modulatory effect on neuroexcitability seem to target
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several key molecules involved in the pathogenesis of
FIRES and its acute and long-term outcomes. Indeed,
CBD reduces microglia-mediated neuroinflammation by
decreasing proinflammatory cytokines and chemokines
(TNF-a, IL-1f, IL-6) through inhibition of TLR4-NFkB
and IFN-b-JAK-STAT pathways.”>** Moreover, CBD's
TNF-a suppressive effect is linked with the inhibition of
adenosine reuptake anti-inflammatory effects and reduc-
tion of neuroexcitability.*** CBD also activates and desen-
sitizes the microglial transient receptor potential vanilloid
type 1 (TRPV1) channel, whose activation is shown to me-
diate persistent neuroinflammation.**** Ultimately, CBD
reduces ATP release, intracellular calcium accumulation,
and ROS production through the inhibition of NADPH
oxidase.”

It is, therefore, conceivable that CBD may have helped
in counteracting the proepileptogenic mechanisms in-
duced by both the initial immune dysregulation and the
persistence of the SE itself. However, it is likely that sev-
eral, not yet completely understood, mechanisms underlie
the action of the endocannabinoid system in modulating
epileptogenesis.’

Moreover, given the complex pathogenesis of the dis-
ease and its refractoriness to drugs, critically ill patients
with FIRES undergo several therapies in the acute phase
of the disease and the definition of the exact extent to
which each therapy contributes to FIRES resolution is
challenging. Both cases 1 and 2 started KD about 2 weeks
before the administration of CBD. While the first rapidly
discontinued it for adverse effects, the second was kept
on it and SE persisted for 12days after reaching ketosis.
Ketogenic diet is currently a preferred treatment of choice
for FIRES over prolonged drug-induced coma because of
broad anti-inflammatory and neuroprotective properties
mediated by ketone bodies, caloric restriction, polyun-
saturated fatty acids, and gut microbiota modifications.*
Nevertheless, an additive effect of KD and CBD cannot be
excluded in this case.

Anakinra, a recombinant IL-1 receptor antagonist
(RA), is also widely used in the acute phase of FIRES. Its
role is pivotal in a subset of cases in which a functional de-
fect of the endogenous IL-1RA leads to IL1f epileptogenic
pathway activation.'®*®*® High levels of IL-1RA in the CSF
can predict such therapeutic response.'’ Unfortunately,
laboratory tests for this cytokine were not available in
Case 1 and Case 2. Conversely, IL-13 was tested in Case
2 and turned out normal. Anakinra was administered in
both patients on days 8 and 14, respectively, with no clin-
ical change in the following days. Case 1 received CBD
together with Anakinra and other ASMs, after KD dis-
continuation, Anakinra and CBD's combined role against
neuroinflammation may have contributed to the favorable
outcome in this case.

In both cases, CBD was administered together with
CLB. Multiple studies have demonstrated a bidirectional
interaction between these two drugs, resulting in in-
creased exposure to the active metabolite of each.””?
Moreover, pivotal trials on Dravet syndrome (DS) and
Lennox-Gastaut syndrome (LGS) found CBD added on to
pre-existing ASMs (mostly CLB) to be superior to placebo
in improving seizure control, leading regulatory agencies
to state the prescription of CBD together with CLB for
these syndromes.’>*! Conversely, more recently, both a
pivotal clinical trial on CBD in Tuberous Sclerosis and a
meta-analysis on CBD in DS and LGS supported CBD's in-
dependent antiseizure activity and efficacy from CLB.****
Therefore, there is no conclusive data on this interaction
and a synergic action cannot be excluded in our cases
either.

Administration through nasogastric tube, despite the
high lipophilicity of CBD, was effective in our cases, as as-
sumed by the rapid clinical turnaround after initiation of
therapy. However, the actual absorption rate could not be
estimated, and blood levels of CBD are not used in clinical
practice due to the lack of correlation with administered
dose and antiseizure efficacy.**

Both children continued CBD therapy for a long time
after discharge and are still on it with no evidence of side
effects and almost complete recovery, suggesting good
safety and efficacy profiles also in the follow-up. In the
case where focal epilepsy of structural etiology occurred
secondarily as a likely consequence of hippocampal scle-
rosis induced by the prolonged SE****, however, additional
therapy was required.

5 | CONCLUSIONS

In conclusion, we reported two cases treated with highly
purified CBD in the acute phase of FIRES.

Our experience supports the use of CBD as an add-on
therapy in the initial stage of FIRES, during which it may
contribute to the resolution of SE by modulating proepi-
leptogenic activity.

Further studies are needed to systematically investigate
CBD effect on the pathways that drive neuroinflammation
and neuroexcitability in FIRES, and the likely synergistic
role with the other treatments.

ACKNOWLEDGMENTS

We would like to thank Cecilia Baroncini from the
IRCCS Institute of Neurological Sciences in Bologna for
the English revision. DCM was supported by #NEXTG
ENERATIONEU (NGEU) and funded by the Ministry of
University and Research (MUR), National Recovery and
Resilience Plan (NRRP), project MNESYS (PE0000006) — A

858017 SUOWILWIOD BA 181D 3 qeotdde au Aq peusenob a.e saolie YO ‘8sn JO SNl 1oy Akeld18U1IUQ AB[IM UO (SUORIPUOD-PUR-SLLIBY WD A8 I Aeiq| Ul |Uo//ScIY) SUOTPUOD PUe Swid | 8U) 89S *[£202/90/62] U0 AkiqiT8uliuo A8]iM uswinooq 3 1ediq IWeXsIS ealy A Ov.ZT +1d8/200T 0T/I0p/Wod A8 1w Ake.d 1 jpuluoy/:sdny Wwoy papeo|umod ‘g ‘€202 ‘65260.72



o0 | Epilepsia Open™

FETTA ET AL.

Multiscale integrated approach to the study of the nervous
system in health and disease (DN. 1553 11.10.2022).

CONFLICT OF INTEREST STATEMENT

DC served as consultant for Alexion, GW Pharmaceuticals,
PTC Therapeutics. The remaining authors have no con-
flict to disclose.

ETHICAL APPROVAL

We confirm that we have read the Journal's position on
issues involved in ethical publication and affirm that this
report is consistent with those guidelines.

ORCID
Anna Fetta
Luca Bergongzini
Carlo Alberto Cesaroni
org/0000-0003-0092-5604

https://orcid.org/0000-0003-0175-6486
https://orcid.org/0000-0001-8214-1816
https://orcid.

REFERENCES

1. Kramer U, Chi CS, Lin KL, Specchio N, Sahin M, Olson H, et al.
Febrile infection-related epilepsy syndrome (FIRES): pathogen-
esis, treatment, and outcome: a multicenter study on 77 chil-
dren. Epilepsia. 2011;52(11):1956-65.

2. Gaspard N, Hirsch LJ, Sculier C, Loddenkemper T, van
Baalen A, Lancrenon J, et al. New-onset refractory status ep-
ilepticus (NORSE) and febrile infection-related epilepsy syn-
drome (FIRES): state of the art and perspectives. Epilepsia.
2018;59(4):745-52. Available from:[cited 2022]. https://doi.
org/10.1111/epi.14022

3. Specchio N, Pietrafusa N. New-onset refractory status epilepti-
cus and febrile infection-related epilepsy syndrome. Dev Med
Child Neurol. 2020;62(8):897-905. Available from:[Internet]
[cited 2022].

4. 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(4):739-44. Available from: [cited 2022].

5. Koh S, Wirrell E, Vezzani A, Nabbout R, Muscal E, Kaliakatsos
M, et al. Proposal to optimize evaluation and treatment of fe-
brile infection-related epilepsy syndrome (FIRES): a report
from FIRES workshop. Epilepsia. 2021;6(1):62-72. https://doi.
org/10.1002/epi4.12447

6. Gofshteyn JS, Wilfong A, Devinsky O, Bluvstein J, Charuta J,
Ciliberto MA, et al. Cannabidiol as a potential treatment for fe-
brile infection-related epilepsy syndrome (FIRES) in the acute
and chronic phases. J Child Neurol. 2017;32(1):35-40.

7. Bonardi CM, Furlanis GM, Toldo I, Guarrera B, Luisi C, Pettenazzo
A, et al. Myoclonic super-refractory status epilepticus with fa-
vourable evolution in a teenager with FIRES: Is the association
of vagus nerve stimulation and cannabidiol effective? Brain Dev.
2023;45(5):293-9. Available from: [Internet]. [cited 2023].

8. Sa M, Singh R, Pujar S, D'Arco F, Desai N, Eltze C, et al.
Centromedian thalamic nuclei deep brain stimulation and
Anakinra treatment for FIRES - two different outcomes. Eur J
Paediatr Neurol. 2019;23(5):749-54.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Sakuma H, Horino A, Kuki I. Neurocritical care and target im-
munotherapy for febrile infection-related epilepsy syndrome.
Biom J. 2020;43(3):205-10.

Perulli M, Cicala G, Turrini I, Musto E, Quintiliani M,
Gambardella ML, et al. Fighting autoinflammation in FIRES:
the role of interleukins and early immunomodulation. Epilepsy
Behav Rep. 2022;18:100531.

Serino D, Santarone M, Caputo D, Fusco L. Febrile infection-
related epilepsy syndrome (FIRES): prevalence, impact
and management strategies. Neuropsychiatr Dis Treat.
2019;15:1897-903.

van Baalen A, Hiusler M, Plecko-Startinig B, Strautmanis J,
Vlaho S, Gebhardt B, et al. Febrile infection-related epilepsy
syndrome without detectable autoantibodies and response to
immunotherapy: a case series and discussion of epileptogenesis
in FIRES. Neuropediatrics. 2012;43(4):209-16.

Walker MC. Pathophysiology of status epilepticus. Neuroscience
Letters. Elsevier Ireland Ltd; 2018;667:84-91. https://doi.
org/10.1016/j.neulet.2016.12.044

Tan TH, Perucca P, O'Brien TJ, Kwan P, Monif M. Inflammation,
ictogenesis, and epileptogenesis: an exploration through human
disease. Epilepsia. 2021;62(2):303-24.

Stredny CM, Case S, Sansevere AJ, Son M, Henderson L, Gorman
MP. Interleukin-6 blockade with Tocilizumab in Anakinra-
refractory febrile infection-related epilepsy syndrome (FIRES).
Child Neurol Open. 2020;7:2329048X2097925Available from.
https://doi.org/10.1177/2329048X20979253

Kenney-Jung DL, Vezzani A, Kahoud RJ, LaFrance-Corey RG,
Ho M-L, Muskardin TW, et al. Febrile infection-related epilepsy
syndrome treated with anakinra. Ann Neurol. 2016;80(6):939-
45. https://doi.org/10.1002/ana.24806

Lai Y-C, Muscal E, Wells E, Shukla N, Eschbach K, Lee KH,
et al. Anakinra usage in febrile infection related epilepsy
syndrome: an international cohort. Ann Clin Transl Neurol.
2020;7(12):2467-74.

Dilena R, Mauri E, Aronica E, Bernasconi P, Bana C, Cappelletti
C, et al. Therapeutic effect of Anakinra in the relapsing chronic
phase of febrile infection-related epilepsy syndrome. Epilepsia
Open. 2019;4(2):344-50.

Muccioli L, Pensato U, di Vito L, Messia M, Nicodemo M,
Tinuper P. Teaching NeuroImage: claustrum sign in febrile
infection-related epilepsy syndrome. Neurology. 2022;98(10):
E1090-1.

Zimmermann M, Arruda-Silva F, Bianchetto-Aguilera F, Finotti
G, Calzetti F, Scapini P, et al. IFNa enhances the production
of IL-6 by human neutrophils activated via TLRS8. Sci Rep.
2016;6(1):19674 Available from.

Sakuma H, Tanuma N, Kuki I, Takahashi Y, Shiomi M, Hayashi
M. Intrathecal overproduction of proinflammatory cytokines
and chemokines in febrile infection-related refractory status
epilepticus. J Neurol Neurosurg Psychiatry. 2015;86(7):820-2.
https://doi.org/10.1136/jnnp-2014-309388

Sermet S, LiJ, Bach A, Crawford RB, Kaminski NE. Cannabidiol
selectively modulates interleukin (IL)-18 and IL-6 production
in toll-like receptor activated human peripheral blood mono-
cytes. Toxicology. 2021;464:153016.

Yousaf M, Chang D, Liu Y, Liu T, Zhou X. Neuroprotection
of Cannabidiol, Its Synthetic Derivatives and Combination
Preparations against Microglia-Mediated Neuroinflammation
in Neurological Disorders. Molecules. 2022;27(15):4961.

858017 SUOWILWIOD BA 181D 3 qeotdde au Aq peusenob a.e saolie YO ‘8sn JO SNl 1oy Akeld18U1IUQ AB[IM UO (SUORIPUOD-PUR-SLLIBY WD A8 I Aeiq| Ul |Uo//ScIY) SUOTPUOD PUe Swid | 8U) 89S *[£202/90/62] U0 AkiqiT8uliuo A8]iM uswinooq 3 1ediq IWeXsIS ealy A Ov.ZT +1d8/200T 0T/I0p/Wod A8 1w Ake.d 1 jpuluoy/:sdny Wwoy papeo|umod ‘g ‘€202 ‘65260.72


https://orcid.org/0000-0003-0175-6486
https://orcid.org/0000-0003-0175-6486
https://orcid.org/0000-0001-8214-1816
https://orcid.org/0000-0001-8214-1816
https://orcid.org/0000-0003-0092-5604
https://orcid.org/0000-0003-0092-5604
https://orcid.org/0000-0003-0092-5604
https://doi.org/10.1111/epi.14022
https://doi.org/10.1111/epi.14022
https://doi.org/10.1002/epi4.12447
https://doi.org/10.1002/epi4.12447
https://doi.org/10.1016/j.neulet.2016.12.044
https://doi.org/10.1016/j.neulet.2016.12.044
https://doi.org/10.1177/2329048X20979253
https://doi.org/10.1002/ana.24806
https://doi.org/10.1136/jnnp-2014-309388

FETTA ET AL.

691

Epilepsia Open™

24.

25.

26.

27.

28.

29.

30.

31.

32.

Gray RA, Whalley BJ. The proposed mechanisms of action of
CBD in epilepsy. Epileptic Disord. 2020;22(S1):10-15.

Koh S, Dupuis N, Auvin S. Ketogenic diet and
Neuroinflammation. Epilepsy Res. 2020;167:106454 [cited
2022]. Available from.

Clarkson BDS, LaFrance-Corey RG, Kahoud RJ, Farias-
Moeller R, Payne ET, Howe CL. Functional deficiency in en-
dogenous interleukin-1 receptor antagonist in patients with
febrile infection-related epilepsy syndrome. Ann Neurol.
2019;85(4):526-37. https://doi.org/10.1002/ana.25439
Morrison G, Crockett J, Blakey G, Sommerville K. A phase 1,
open-label, pharmacokinetic trial to investigate possible drug-
drug interactions between Clobazam, Stiripentol, or valproate
and Cannabidiol in healthy subjects. Clin Pharmacol Drug Dev.
2019;8(8):1009-31.

Franco V, Perucca E. Pharmacological and therapeutic proper-
ties of Cannabidiol for epilepsy. Drugs. 2019;79(13):1435-54.
Available from: [cited 2023]. https://doi.org/10.1007/s40265-
019-01171-4

Geffrey AL, Pollack SF, Bruno PL, Thiele EA. Drug-drug inter-
action between clobazam and cannabidiol in children with re-
fractory epilepsy. Epilepsia. 2015;56(8):1246-51.

US Food Drug Administration. Drug approval package:
Epidiolex (cannabidiol) NDA 210365. 2018 |[cited 2023].
Available from: https://www.accessdata.fda.gov/drugsatfda_
docs/label/2018/2103651bl.pdf

European Medicines Agency. Assessment report: Epidiolex.
International non-proprietary name: cannabidiol. 2019 [cited
2023]. Available from: https://www.ema.europa.eu/en/docum
ents/assessment-report/epidyolex-epar-public-assessment
-report_en.pdf

Thiele E, Marsh E, Mazurkiewicz-Beldzinska M, Halford JJ,
Gunning B, Devinsky O, et al. Cannabidiol in patients with
Lennox-Gastaut syndrome: interim analysis of an open-label
extension study. Epilepsia. 2019;60(3):419-28.

34.

35.

36.

. Lattanzi S, Trinka E, Striano P, Zaccara G, del Giovane C,

Nardone R, etal. Cannabidiol efficacy and clobazam status: a sys-
tematic review and meta-analysis. Epilepsia. 2020;61(6):1090-8.
Available from:[cited 2023]. https://doi.org/10.1111/epi.16546
Contin M, Mohamed S, Santucci M, Lodi MAM, Russo E,
Mecarelli O, et al. Cannabidiol in Pharmacoresistant epilepsy:
clinical pharmacokinetic data from an expanded access pro-
gram. Front Pharmacol. 2021;12:1-7.

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(2):178-85. Available
from:[cited 2023].

Thompson K. Status epilepticus and early development: neu-
ronal injury, neurodegeneration, and their consequences.
Epilepsia Open. 2022;1-7. [Epub ahead of print]. Available
from:[cited 2023]. https://doi.org/10.1002/epi4.12601

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Fetta A, Crotti E,
Campostrini E, Bergonzini L, Cesaroni CA, Conti F,
et al. Cannabidiol in the acute phase of febrile
infection-related epilepsy syndrome (FIRES).
Epilepsia Open. 2023;8:685-691. https://doi.
org/10.1002/epi4.12740

858017 SUOWILWIOD BA 181D 3 qeotdde au Aq peusenob a.e saolie YO ‘8sn JO SNl 1oy Akeld18U1IUQ AB[IM UO (SUORIPUOD-PUR-SLLIBY WD A8 I Aeiq| Ul |Uo//ScIY) SUOTPUOD PUe Swid | 8U) 89S *[£202/90/62] U0 AkiqiT8uliuo A8]iM uswinooq 3 1ediq IWeXsIS ealy A Ov.ZT +1d8/200T 0T/I0p/Wod A8 1w Ake.d 1 jpuluoy/:sdny Wwoy papeo|umod ‘g ‘€202 ‘65260.72


https://doi.org/10.1002/ana.25439
https://doi.org/10.1007/s40265-019-01171-4
https://doi.org/10.1007/s40265-019-01171-4
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/210365lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/210365lbl.pdf
https://www.ema.europa.eu/en/documents/assessment-report/epidyolex-epar-public-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/assessment-report/epidyolex-epar-public-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/assessment-report/epidyolex-epar-public-assessment-report_en.pdf
https://doi.org/10.1111/epi.16546
https://doi.org/10.1002/epi4.12601
https://doi.org/10.1002/epi4.12740
https://doi.org/10.1002/epi4.12740

	Cannabidiol in the acute phase of febrile infection-­related epilepsy syndrome (FIRES)
	Abstract
	1|INTRODUCTION
	2|CASE 1
	3|CASE 2
	4|DISCUSSION
	5|CONCLUSIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	ETHICAL APPROVAL
	REFERENCES


