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Introduction

Abstract

Objective: Increasing reports suggest a role for immunological mechanisms in
febrile infection-related epilepsy syndrome (FIRES). The objective of this study
was to elucidate the efficacy and safety of intrathecal dexamethasone therapy
(IT-DEX). Methods: We assessed six pediatric patients with FIRES who were
administered add-on IT-DEX in the acute (n = 5) and chronic (n = 1) phases.
We evaluated clinical courses and prognosis. We measured cytokines/chemoki-
nes in cerebrospinal fluid (CSF) from FIRES patients at several points, includ-
ing pre- and post-IT-DEX, and compared them with control patients with
chronic epilepsy (n = 12, for cytokines/chemokines) or with noninflammatory
neurological disease (NIND, n = 13, for neopterin). Results: Anesthesia was
weaned after a median of 5.5 days from IT-DEX initiation (n = 6). There was a
positive correlation between the duration from the disease onset to the intro-
duction of IT-DEX and the length of ICU stay and the duration of mechanical
ventilation. No patient experienced severe adverse events. Seizure spreading and
background activities on electroencephalography were improved after IT-DEX
in all patients. The levels of CXCL10, CXCL9, IFN-v, and neopterin at pre-IT-
DEX were significantly elevated compared to levels in epilepsy controls, and
CXCL10 and neopterin were significantly decreased post-IT-DEX, but were still
higher compared to patients with chronic epilepsy. IL-6, IL-8, and IL-1B were
significantly elevated before IT-DEX compared to epilepsy controls, though
there was no significant decrease post-treatment. Interpretation: IT-DEX repre-
sents a therapeutic option for patients with FIRES that could shorten the dura-
tion of the critical stage of the disease. The effect of IT-DEX on FIRES might
include cytokine-independent mechanisms.

children (DESC).** Although immunological mechanisms
are implicated in this condition, the exact underlying

Febrile infection-related epilepsy syndrome (FIRES) is an
epileptic encephalopathy of unknown etiology affecting
previously healthy children following febrile illness.'
FIRES has been defined as a subcategory of new-onset
refractory status epilepticus (NORSE) and is almost iden-
tical to previous nomenclatures including acute encephali-
tis with refractory, repetitive partial seizures (AERRPS),
or devastating epileptic encephalopathy in school-aged

pathogenic process has not been elucidated. Conventional
immuno-modulatory therapies such as corticosteroid
therapy or IV immunoglobulin (IVIg) therapy sometimes
lead to positive responses but are not sufficiently effica-
cious in most cases.™ Ketogenic diet therapy seems to be
a promising candidate therapy, but is not always effec-
tive.”® Patients with FIRES often need prolonged barbitu-
rate-induced comas due to the extraordinarily high
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Intrathecal Dexamethasone Treatment for FIRES

epileptic activity, sometimes developing life-threatening
complications during prolonged intensive care unit (ICU)
stays.” According to multiple follow-up studies, outcomes
in epilepsy and cognitive function remain unfavor-
able.'®!"!

Early diagnosis and intervention seem to be key for a
better prognosis. Although a specific biomarker is lacking,
selective upregulation of cerebrospinal fluid (CSF) proin-
flammatory cytokines is a hallmark of FIRES.'” This
observation led us to speculate that local inflammation in
the central nervous system plays significant roles in the
development of FIRES and thus targeting neuroinflamma-
tion might be a promising therapeutic approach.

Here, we used intrathecal injection of dexamethasone
(IT-DEX) in six patients with FIRES as a new approach.
We also show serial data on neopterin and cytokines/che-
mokine concentrations in CSF from these patients.

Materials and Methods

Patients

Six patients with a diagnosis of FIRES who were referred
to Osaka City General Hospital and received IT-DEX
therapy from 2014 to 2018 were enrolled. For diagnosis
of FIRES, the previous criteria were used with slight mod-
ifications™'?: (1) Acute onset of super-refractory status
epilepticus (SRSE) in the absence of underlying develop-
mental delay or prior unprovoked seizures (The patients
usually show focal onset seizures); (2) Antecedent febrile
illness, which occurs 2-10 days before the onset of neuro-
logical symptoms; (3) Absence of a specific brain struc-
tural abnormality, infection, toxic insult, or metabolic
cause that could explain the SRSE. Eligible patients in the
current study fulfilled the consensus diagnostic criteria of
FIRES published in 2018."

IT-DEX was added after a minimum of one course of
conventional immunotherapy (IVMP or IVIg) had been
completed. Information about clinical manifestation, con-
tinuous electroencephalography (EEG) findings, magnetic
resonance imaging (MRI) findings, treatment, adverse
events, and follow-up clinical outcomes were collected.
We summarized anti-seizure treatment and immunother-
apies administered during the ICU stay, continuous EEG
monitoring data including ictal and interictal conditions
at pre- and post-IT-DEX, epilepsy outcome, and neu-
ropsychological evaluation at hospital discharge. Series
data of cytokines/chemokines and neopterin in CSF were
also analyzed. The day on which CSF was examined for
pre-IT-DEX ranged from 7 to 56 (median 14.5) days
from disease onset, and the post-IT-DEX assessment per-
iod ranged from 19 to 75 (median 28.5) days.

A. Horino et al.

IT-DEX treatment regimen

IT-DEX was initiated at a dosage of 0.15-0.25 mg/kg/day.
The treatment was repeated four times and added a few
times depending on the particular situation of the
patients. The dosing interval was 1-6 days.

Immunological data
Cytokine/chemokine assays

CSF levels of cytokines and chemokines (CXCL9, CXCL10,
IFN-vy, IL-1B, IL-6, and IL-8) were measured using a Bio-
Plex Suspension Array System (Bio-Rad, Hercules, CA,
USA) according to the manufacturer’s protocols. For com-
parisons with control subjects, data from 12 patients with
epilepsy were obtained from Tokyo Metropolitan Institute
of Medical Science. Data below detectable levels were set at
the lowest value of the dynamic range of detection.

Neopterin assays

We performed CSF neopterin analyses using high-perfor-
mance liquid chromatography (HPLC) with fluorometric
detection.' Data were compared to those of 13 patients
with noninflammatory neurological disorders (NIND)
recruited from Osaka City General Hospital.

EEG studies

EEG recordings on the examination day are shown in
Table 1 and were reviewed by more than two board-certified
pediatric neurologists and board-certified pediatric epileptol-
ogists. Electrodes were placed according to the international
10-20 system. We evaluated each 12 hours of continuous
EEG recording at the closest timing to IT-DEX initiation and
completion as pre-IT-DEX and post-IT-DEX, respectively.
We evaluated predominant background activity, ictal EEG
patterns, and frequency of electrographic seizures based on
continuous EEG. When the number of seizures post-IT-DEX
decreased to more than half the level of pre-IT-DEX, we
defined it as a seizure decrease. Ictal EEG patterns were
divided into four types: focal or regional, hemispheric, shift-
ing, and generalized pattern.'>' Shifting seizure was defined
as a seizure which alternated between hemispheres (bilateral
independent) or a seizure which focus migrated after a focal
onset to the contralateral hemisphere while still continuing
in the hemisphere of onset.

Outcome assessment

The changes in EEG findings including seizure frequency,
seizure spreading, and background activity between pre-
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Table 1. Clinical features of the six patients and therapy regimen of IT-DEX.

Intrathecal Dexamethasone Treatment for FIRES

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6
Age at onset/Sex 4y/M 8y/M 6y/F 7y/IM 6y/M 5y/M
Duration from fever to 4 4 5 6 3 6
seizure onset(days)
The maximum dose of 7 10 7 5 12 9
barbiturate(mg/kg/hr)
Head MRI findings (the (1) DWI HI at Lt. (1) Normal, (4) HI (2)DWI HI in (27) HI at HC (1)Normal, (83) Cerebral
day after onset) occipital lobe and Lt.  at HC, (22) HI putamen and (31)DWI atrophy, HI at
HC, (3) DWI HI at and atrophy at caudate HI at BG cortex, and pons
bil. HC bil. HC nucleus
Initiation day of IT-DEX 9 10 10 20 20 59
Frequency of use IT-DEX 6 8 7 4 5 7
IT-DEX dose (mg/kg/dose)  0.22 0.17 0.17 0.18 0.15 0.18
Anti-seizure drugs prior to  DZP, MDL, fPHT, TPL MDL, TPL, TPM, DzP, MDL, MDL, fPHT, MDL, TPL, MDL, fPHT, PB, LEV,
IT-DEX administration LEV fPHT, TPL, TPL, LEV, ZNS, TPM, LEV, CLB, KBr,
LEV, PB, KM CLB, TPL, PHT, PB, Thiamylal, TPL,
TPM, PB KM TPM, KM, KD
Immunomudulating drugs  IVIG(1), IVMP(1) IVIG(1), IVMP(2) IVIG(1), IVMP IVIG(1), IVMP IVIG(2), IVIG(2), IVMP(2)
prior to IT-DEX 1) (@) IVMP(3)
administration(the
number of times)
Drugs with IT-DEX PB, LEV, TPM, TPL PB, LEV, TPM, TPL  TPL, KM, LEV,  PB, LEV, TPM, TPL, MDL MDL, TPM, VPA,
administration PB, PER TPL PER

Abbreviations: BG, basal ganglia; Bil.:bilateral; CLB, clobazam; DWI, diffusion-weighted images; DZP, diazepam; fPHT, fosphenytoin; HC :hip-
pocampus; HI, high intensity; IVIg, intravenous immunoglobulin; IVMP, intravenous methyl prednisolone; KBr, potassium bromide; KD, ketogenic
diet; KM, ketamine; LEV, levetiracetam; It, left; MDL, midazolam; MRI, magnetic resonance image; PB, phenobarbital; PER, perampanel; rt, right;

TPL, thiopental; TPM, topiramate; VPA, sodium valproate.

and post-IT-DEX, duration from IT-DEX initiation to
thiopental discontinuance, duration of mechanical venti-
lation, and adverse events during IT-DEX therapy were
evaluated. Cognitive outcomes represented by the pedi-
atric cerebral performance category scale (PCPC), and sei-
zure frequency at discharge from the hospital were
assessed as the secondary outcome.

Statistical analysis

Statistical analyses for comparisons between two groups
were performed using a Mann—Whitney U test. A Wil-
coxon signed-rank test was used for comparisons between
pre- and post-IT-DEX data. Correlations between neop-
terin and cytokine/chemokine concentrations in CSF were
assessed using a Spearman’s rank correlation coefficient.
These analyses were conducted using GraphPad Prism 5.0
(GraphPad Software, Inc., San Diego, CA). Differences
with P < 0.05 were considered statistically significant.

Standard protocol approval, registrations,
and patient consents

This retrospective study protocol was approved by the
Ethics Committee of Osaka City General Hospital.

© 2021 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association

Written consent for the study was obtained from the
patients’ parents.

Results

The clinical features and pretreatment regimens of the six
patients included in this study are shown in Table 1. One
patient was referred to our facility during the chronic
phase of illness at 2 months after onset. Figure 1 shows
the treatment course of the six patients with FIRES dur-
ing intensive care (Fig. 1). Four of the six patients needed
sustained thiopental to control seizures at the time of ini-
tiation of IT-DEX treatment. The rest of the two patients
had shown SE persisting despite burst-suppression coma
(BSC). Six patients were withdrawn from anesthetic
agents and were placed under intravenous infusion of
AED and/or enteral AED, after a median of 5.5 days from
the initiation of IT-DEX.

EEG findings at pre- and post-IT-DEX and clinical out-
comes following IT-DEX are shown in Table 2. Seizure
frequency decreased after IT-DEX in three patients
(50%). Seizure spreading was localized and background
activities improved in all patients.

Five patients to whom IT-DEX was administered during
the acute phase were taken off thiopental after a median of
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Figure 1. The treatment course of the six patients with FIRES during intensive care. Intravenous antiepileptic drugs, immunotherapies, and
ketogenic diet therapy are shown. Pink arrows represent discharge from ICU. AED, antiepileptic drugs; BT, barbiturate therapy; fPHT,
fosphenytoin; KM, ketamine; MDL, midazolam; KD, ketogenic diet therapy; IVMP, intravenous methylprednisolone; IVlg, intravenous
immunoglobulin.

5.0 days from the initiation of IT-DEX (Table 3). In
Patient 6, thiopental was discontinued after 3 days from
the induction of IT-DEX in the chronic phase of illness.
The dose of midazolam required after the completion of
thiopental in Patients 3, 4, and 6 was low; less than the
anesthesia dose. The median period of mechanical ventila-
tion in the six patients was 26.5 days (mean 46, range 17—

648

117 days). There was a positive correlation between the
length of stay in the ICU and the duration from the dis-
ease onset to the introduction of IT-DEX (r, = 0.85,
P =0.03) and the duration of mechanical ventilation
(rs = 0.88, P = 0.03). (Supplementary Fig. S1).

Two patients out of the six showed a good epilepsy
outcome at the last follow-up. In Patient 3 and Patient 6,

© 2021 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association
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Table 2. EEG findings at pre- and post-IT-DEX.

Intrathecal Dexamethasone Treatment for FIRES

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6
Pre-IT-DEX
Day of 8 9 10 20 19 59
examination
Intravenous TPL TPL KM, TPL, PB TPL TPL, fPHT TPL, MDL
AED
Enteral AED PB, LEV, TPM LEV LEV LEV, TPM, PB PB, LEV TPM
Predominant Diffuse high voltage slow  Burst Burst Diffuse high voltage slow  Burst Delta-theta wave
BGA activity suppression suppression activity suppression dominant
Main seizure Hemispheric Shifting Hemispheric  Shifting Generalized Shifting
pattern
Post-IT-DEX
Day of 19 35 29 38 32 78
examination
Intravenous None None MDL, PB MDL fPHT MDL
AED
Enteral AED PB,LEV,TPM LEV,PB,TPM PER,CZP,VPA  LEV,TPM, PB None PER,VPA,TPM
Predominant Delta-theta wave Theta wave Alpha wave Theta wave Delta-theta Alpha wave
BGA wave
Main seizure Focal or regional Focal or Focal or Focal or regional Hemispheric ~ Focal or regional
pattern regional regional
Seizure No change Decrease Decrease No change No change Decrease
frequency
Seizure Localized Localized Localized Localized Localized Localized
spreading

Abbreviations: AED, antiepileptic drug; BGA, back ground activity; CZP, clonazepam; fPHT, fosphenytoin; KM, ketamine; LEV, levetiracetam; MDL,

midazolam; PB, phenobarbital; PER, perampanel; TPL, thiopental; TPM, topiramate; VPA, sodium valproate.

Table 3. Clinical course and outcome in six patients with FIRES.

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6
Duration between IT-DEX initiation and TPL withdrawal (days) 3 5 5 10 6 3
The period of mechanical ventilation 17 22 24 29 117 65
The day of release from ICU 20 23 28 31 71 74
Adverse effect with IT-DEX None None None None None None
Outcome at discharge from hospital
The day of discharge from the hospital 76 87 81 149 393 94
Seizure frequency monthly weekly monthly weekly weekly annually
PCPC 3 3 2 3 4 3
Outcome at the last follow up
Seizure frequency monthly weekly none monthly weekly none
Duration of observation (months) 70 62 18 53 76 17

Abbreviations: ICU, intensive care unit; PCPC, pediatric cerebral performance category scale.

epileptic seizures were not detected after day 50 or day
103, respectively, although inter-ictal EEG examination of
both these patients demonstrated that epileptic discharges
were dominant at the temporal and frontal lobe at the
last follow-up. All patients except one showed more than
PCPC 3 at hospital discharge.

Figure 2 shows the cytokine/chemokine and neopterin
data for the CSF (Fig. 2). The neopterin concentrations

© 2021 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association

in the CSF correlated with CXCL9 and CXCL10 con-
centrations (ry = 0.74, P < 0.001 for CXCL9, r, = 0.77,
P < 0.001 for CXCL10). CSF concentrations of CXCL10
and/or neopterin were determined within 2 weeks from
disease onset in all six patients, and the values included
the peak value of the series data in each patient with
the exception of Patient 6. In Patient 6, CXCL10
peaked during IT-DEX administration during the
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Figure 2. CSF concentrations of cytokines, chemokines, and neopterin in the six patients with FIRES. Red squares show the administration of IT-
DEX. The x-axis represents days from the onset of disease. The y-axis represents CXCL10, CXCL9, IFN-y, neopterin, IL-6, and IL-8 concentrations
presented in log scale (A-L). Patient 1 (A, C); Patient 2 (B, D); Patient 3 (E, G); Patient 4 (F, H); Patient 5 (I, K); and Patient 6 (J, L).

chronic phase, but there was no sharp fluctuation in
concentrations.

The concentrations of CXCL10, CXCL9, IFN-y, and
neopterin at pre-IT-DEX (n = 6, median, interquartile
range, CXCL10: 2652, 1580-10075 pg/mL; CXCL9: 551.3,
290.6-1153 pg/mL; IFN-y: 68.67, 48.40-87.06 pg/mL;
neopterin: 256.9, 84.48-413.8 nmol/L) were significantly
elevated compared to those in controls (epilepsy patients
for cytokines/chemokines, n = 12, NIND patients for
neopterin, n = 13), and CXCL10 and neopterin were sig-
nificantly decreased at post-IT-DEX in patients with
FIRES (n = 6; CXCL10: 600.5, 230.8-2319 pg/mL; neop-
terin: 36.35, 23.35-71.88 nmol/L), but CXCL9 and IFN-y
did not change significantly (CXCL9: 145.3, 102.1-
613.8 pg/mL; IFN-y: 34.73, 22.81-100.2 pg/mL) (Fig. 3).
All four proinflammatory mediators were still higher in
patients compared to controls after IT-DEX.

IL-1B, IL-6, and IL-8 concentrations before IT-DEX in
the FIRES group were significantly elevated compared to
controls (n = 12, IL-1B: median 2.275, interquartile range
1.563-2.73 vs. 0.61, 0.61-0.63 pg/mL, P < 0.001; IL-6:
37.71, 8.595-88.57 vs. 3.475, 2.930-5.633 pg/mlL,
P <0.001; IL-8: 360.1, 166.0-3268 vs. 44.32, 35.43—
57.87 pg/mL, P = 0.002), however, the sequential fluctua-
tion according to IT-DEX was heterogeneous in the six
patients.

Patient 5 and Patient 6 had shown sepsis and renal fail-
ure due to interstitial nephritis resulting from continuous
hemodialysis, and venous thrombosis, respectively, from
before the initiation of IT-DEX. None of the six patients
had a severe adverse event that was determined to be
associated with IT-DEX administration.

Discussion

We administered an intrathecal injection of dexametha-
sone during the acute or chronic phase of illness in six
patients with FIRES. IT-DEX resulted in early withdrawal
of thiopental, an improvement in seizure spreading and
background activities on EEG. The median period of
mechanical ventilation in the current study was 26.5 days,
which was shorter than that for 58 patients included in a
previous report, who had a median of 41 days ventilation
(mean 49, SD 44.56, range 4-220).° Importantly, the
shorter the duration between the onset of illness and the
introduction of IT-DEX, the shorter the length of stay in
the ICU. Our results showed that IT-DEX as an add-on
therapy may have a possibility to downgrade intravenous

concomitant medications during both the acute and
chronic phases and shorten the ICU stay. None of the six
patients experienced high-grade adverse events during IT-
DEX therapy.

To our knowledge, this is the first report on the use of
IT-DEX for FIRES. The effect of systemic administration
of steroids on FIRES was often insufficient. In addition,
systemic infection or other complications induced by the
prolonged use of barbiturates often discourages systemic
administration of immuno-suppressive agents. For exam-
ple, the first patient in our cohort to whom IT-DEX was
administered showed complication of sepsis and renal
failure and was facing a life crisis. Systemic administration
of an immunosuppressant had a risk of aggravating those
complications. The efficacy and safety of IT-DEX is war-
ranted by the observation that intrathecal injection of
methotrexate and methylprednisolone was effective for
anti-NMDA-receptor encephalitis.'””'® Another advantage
of dexamethasone is its cost-effectiveness and availability.
From this point of view, the tolerability of IT-DEX in our
patients indicated that IT-DEX is a promising therapy,
and further studies are required.

Although pathological studies of FIRES previously
revealed little cellular infiltration, recent studies have
demonstrated increased proinflammatory cytokine/che-
mokine levels in the CSF of patients with FIRES.'>'" The
therapeutic usage of IT-DEX for FIRES is justified by the
fact that proinflammatory molecules are elevated predom-
inantly in CSF compared to serum in this condition. It is
known that IL-1B is a proinflammatory cytokine that is
chiefly involved in both infections and febrile seizures. In
addition, IL-1B, IL-6, and TNF-o have been shown to
lower the threshold of seizures based on experimental
findings in animal models and human studies.”>*" Tt is
hypothesized that inflammation and seizure activity recip-
rocally induce activation of a vicious cycle of aberrant
hyperexcitability.”* Recently, new therapeutic approaches
targeting the immunological mechanisms involved in
FIRES are drawing attention since recent reports indicated
the potency of the IL-6 receptor inhibitor tocilizumab,
and a recombinant human interleukin-1 receptor antago-
nist (IL1IRA), anakinra, for FIRES.**** Reduced expres-
sion of intracellular ILIRA isoforms and a functional
deficiency in ILIRA inhibitory activity in patients with
FIRES has been shown.*® Although the pathogenic role of
proinflammatory cytokines/chemokines in FIRES remains
controversial, the remarkable success of anti-cytokine
treatments provides further support for the disease-
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Figure 3. Proinflammatory cytokine/
chemokine and neopterin
concentrations in CSF from patients
with FIRES and controls. (A): CSF
neopterin levels were measured in
samples from patients with FIRES and
patients  with noninflammatory
neurological disease (NIND) using
HPLC. FIRES, N=6; NIND, N =13.
(B)~(G): CSF levels of (B) CXCL-10,
(C) CXCL-9, (D) IFN-y, (E) IL-1B, (F)
IL-6, and (G) IL-8 measured using a
multiplexed immunoassay in samples
from patients with FIRES and
epilepsy. FIRES, N =6; Epilepsy,
N =12. Each dot represents the
cytokine/chemokine  or  neopterin
levels of each patient. Bars express
the median and interquartile range.
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promoting roles of these molecules. However, Anakinra
was unavailable and tocilizumab was not approved for
the treatment of neurological diseases in Japan.

Our analysis of serial CSF samples revealed that
CXCL10 and neopterin approached peak levels within
several days to two weeks from the disease onset and then
significantly decreased in the majority of our cases after
IT-DEX, but was still above the levels of control patients
with epilepsy, including chronic cases. Neopterin is
known not only as a pteridin metabolite but also as a
biological marker of inflammatory-immune mediated
processes in which T-helper cell 1 and macrophages are
involved, produced by stimulation of interferon-gamma
from activated T cell. In fact, there were a correlation
among neopterin, CXCL9, and CXCLI10. Neopterin is
more stable than IFN-y which is degraded within an
extremely short time. Its measurement is a simple and
useful way for evaluating Thl system activation. CSF
neopterin was reported as a useful early biomarker for
immune-associated CNS diseases (i.e., Influenza-associ-
ated encephalopathy) and has been routinely measured in
Osaka City General Hospital since the 1990s.°*” The ele-
vation of neopterin in CSF was often experienced in
FIRES patients.

Second, IL-1PB, IL-6, and IL-8 showed a trend toward a
decline during IT-DEX in some patients but did not sig-
nificantly decrease after IT-DEX. The production of IL-18
and IL-6 is dependent on NF-kB pathway, whereas
CXCL10 and neopterin are associated with JAK-STAT
pathway. Significant reduction of CXCL10 and neopterin
in accordance with clinical improvement after IT-DEX
suggests previously unknown involvement of JAK-STAT
pathway in the pathogenesis of FIRES. Glucocorticoid
administration in FIRES is reasonable because it sup-
presses not only NF-xB but also IFN-y signaling path-
ways.?®

Finally, the mechanisms of action of IT-DEX may
involve cytokine-independent mechanisms. There is a
possibility that dexamethasone contributed to the
decreased excitability observed in this study owing not
only to its direct actions on cytokine release but also to
actions on the downstream cascade and neurodegenera-
tion, by protecting against blood-brain barrier damage,
modulating various neurotransmitters, including gamma-
aminobutyric acid (GABA), reducing the production and
release of corticotrophin-releasing hormone in specific
brain regions, and reducing cerebral swelling.**>' Further
studies with larger sample sizes are needed to validate the
efficacy of dexamethasone on these proinflammatory
molecules. Thirty percent of subjects in this study had a
good epileptic prognosis, although functional outcomes
measured by the PCPC, which focuses on cognitive
impairment, remained unfavorable in all patients.

Intrathecal Dexamethasone Treatment for FIRES

Considering that the cytokine response was prominent at
the pretreatment phase, earlier intervention with IT-DEX
may further improve the prognosis of FIRES.

The limitations of our study include the small number
of patients, the retrospective, nonrandomized nature of
the study, the partly different treatment regimens of IT-
DEX, unstandardized SRSE management, and the lack of
an untreated control group. In addition, the delayed effect
of the other immunotherapies (IVIG and IVMP) used
before IT-DEX was started or spontaneous remission can-
not be excluded. Furthermore, our cases might be biased
toward more severe conditions because our facility is a
higher medical institution. Lastly, some concomitant
treatments were heterogeneous and might influence the
efficacy of IT-DEX. Since the study is retrospective, it was
practically unavoidable to change concomitant treatments
including antiepileptic agents depending on patients’ con-
dition.

IT-DEX represents a therapeutic option for patients
with FIRES that could shorten the duration of the critical
stage of the disease. The effect of IT-DEX on FIRES might
include cytokine-independent mechanisms. Our proin-
flammatory data from the CSF provide additional evi-
dence for the involvement of inflammatory mediators in
FIRES, however, various factors and processes that link
intrathecal overproduction of proinflammatory cytokines/
chemokines and electrophysiological excitability in FIRES
need to be clarified. Further well-designed, adequately
powered clinical studies are warranted to validate the effi-
cacy of IT-DEX in FIRES.
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Supplementary Figure S1. Correlation between the dura-
tion from the disease onset to the introduction of IT-
DEX and the duration of critical stage in six patients with
FIRES. (A): In the scatter plot, the duration from the dis-
ease onset to the initiation of IT-DEX is shown on the X-
axis, and the duration of stay in ICU is shown on the Y-
axis. (B): The duration of mechanical ventilation is plot-
ted against the duration from the disease onset to the ini-
tiation of IT-DEX.
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