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Objective Describing spectrum, evolution, and clinical relationship of brain magnetic
resonance imaging (MRI) findings in a large case series of children with febrile infection-
related epilepsy syndrome (FIRES).

Methods This retrospective study included 31 children with FIRES. Clinical data and
MRI findings of the brain were evaluated. Poor clinical outcome was defined as severe
disability, persistent vegetative state or stupor, very low intelligence quotient (<80), or
death (modified Rankin scale 4-6 and Glasgow Outcome Score 1-3).

Results Seventeen (54.8%) children with FIRES showed no abnormalities in the initial
MRI, whereas 28 (90.3%) children showed MRI abnormalities at follow-up. The most
frequent abnormalities were brain atrophy (74.2%) and T2/fluid-attenuated inversion
recovery changes (64.5%), mostly hippocampal (45.2%). Generalized brain atrophy was
the most frequent type of atrophy (58%). The earliest atrophy was recorded 9 days after
the onset of disease. It progressed even beyond the acute phase in most children
(51.6%). The exploratory data analysis revealed nominal significance between all MRI
abnormalities considered together and poor outcome (p=0.049) and between
generalized brain atrophy and anesthesia (p =0.024). After adjustment for multiple
testing, the p-values were not significant. The outcome in four (12.9%) children was not
poor despite generalized brain atrophy.
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Conclusion

In contrast to the uniform clinical course, MRl demonstrated a broad

spectrum of findings. Initially, these were mostly normal and therefore indicative of
FIRES but then changed rapidly and were mostly progressive despite the stable chronic
course. The cause may be ongoing disease, treatment intensity, or both. Future studies
should focus on what process underlies the onset and the progression of brain atrophy.
However, brain atrophy was not always related to poor outcomes in children despite

FIRES.

Introduction

According to the latest definition, febrile infection-related
epilepsy syndrome (FIRES) is a subtype of new-onset refrac-
tory status epilepticus and a rare epilepsy syndrome that can
occur in both healthy children and adults. The clinical
picture is characterized by refractory status epilepticus
(SE) which is preceded by a febrile infection occurring
2 weeks to 24 hours prior to onset of SE." The refractory SE
quickly turns into a superrefractory status epilepticus
(SRSE).2 The following chronic phase is characterized by
refractory epilepsy with rare seizure-free intervals and a
poor general outcome.>* In cryptogenic cases, the cause
remains unknown after extensive work—up.1 An important
diagnostic tool in the acute phase is magnetic resonance
imaging (MRI). Although the first MRI findings are usually
normal,>® a number of patients may show MRI abnormali-
ties mostly in the insula, temporal area, and basal ganglia.3'7
MRI findings with generalized brain atrophy have been
reported during the chronic phase.5’8

Here, we describe the long-term timeline of MRI findings,
and its relationship between clinical course, anesthesia, and
outcome, based on the data of a large case series of children
with FIRES.

Methodology

This is a retrospective observational study. The ethics
committee of the Faculty of Medicine at the Kiel University
(CAU) approved this study (D 470/20), and written informed
consent was obtained. The collected data include informa-
tion about demographics, clinical course, brain MRI find-
ings, use of anesthetics, and clinical outcomes. The inclusion
criteria used were published by van Baalen et al 2012°:
previously healthy children with an acute febrile illness 2 to
28 days prior to the onset of recurrent seizures or SE and
with no evidence of infectious agents in cerebral spinal
fluid.

The clinical course was categorized into two phases: the
acute and the chronic phase. We defined the acute phase as
the period of time from seizure onset to end of SE or
significantly fewer recurrent seizures. The chronic phase
was defined as the subsequent follow-up time.

Serial MRI brain imaging was performed at variable
timing for each child, from the acute phase after seizure
onset to the chronic phase of outpatient follow-up. The MRI
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scans were either performed at our clinic or were gathered
from outside facilities. One neuroradiologist (J.H.) reviewed
all images.

The functional outcome in the follow-up period was
categorized as (1) good outcome or (2) poor outcome.
Children with a good outcome either returned to their
baseline status, had an IQ >80 (Glasgow Outcome Score
4-5), or showed an incomplete recovery with only mild
residual disability (modified Rankin Scale 0-3). This includ-
ed children with aphasia who were still able to walk. Children
with a poor outcome had either a severe disability, a persis-
tent vegetative state or stupor, an intelligence quotient < 80
(Glasgow Outcome Score <1-3), or had died during the
clinical course (modified Rankin Scale 4-6).

Data were analyzed with SPSS version 27. For comparison
of the MRI abnormalities with anesthesia and MRI abnor-
malities with outcomes, we used Fisher exact test, chi-square
test, and Mann-Whitney test. Results were regarded as
nominally significant if p value was less than 0.05. The p-
values were adjusted for multiple testing with the Bonferroni
method.

Results

We evaluated a total of 31 children with FIRES. The clinical
data are shown in =Table 1 and ~Supplementary Table S1
(available in the online version).

The number of MRI scans and the timing in which these
scans were carried out varied from patient to patient. The
MRI findings are summarized in =Table 2.

Magnetic Resonance Imaging Findings during the
Acute Phase

Three children (9.7%) had normal MRI findings during
acute and chronic phases despite refractory SE in all and
anesthesia in two children. The initial MRI findings were
normal in 17 (54.8%) children. However, nine of them
(29.0%) developed MRI changes during the following acute
phase. The most common MRI findings during this phase
were T2/FLAIR changes in 12 (38.7%) children, with hip-
pocampal signal abnormalities in 11 (35.5%) children. The
hippocampal signal abnormalities were reversible in five
(16.1%) children. Brain atrophy was the second most MRI
finding during the acute phase (10 children, 32.3%), where
two (6.5%) children developed focal atrophy and eight
(25.8%) children generalized brain atrophy (=Fig. 1).
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Table 1 Descriptive analysis of 31 children with febrile infection-related epilepsy syndrome

Demographics and clinical characteristics

Age, median (range)

6 years (2-15)

Sex

Male, n (%) 18 (58.1)
Female, n (%) 13 (41.9)
Status epilepticus

Semiology, n (%)

Generalized tonicclonic 12 (38.7)
Focal motor 8 (25.8)
Nonconvulsive 1(3.2)
Focal onset evolving into bilateral tonic-clonic 4(12.9)
Unclassified 6 (19.4)
Treatments

Duration, median (range)

14.5 days (29 minutes-153 days)

Use of anesthetics, n (%)

24 (77.4)

Use of thiopental, n (%)

16 (51.6)

Time to first use of anesthetics in days, median (range)

1(1-14)

Use of steroids, n (%)

17 | 27 (63.0)

Use of intravenous immunoglobulins, n (%)

18/ 28 (64.3)

Use of anakinra, n (%) 2[28(7.1)
Use of cannabidiol, n (%) 8 /29 (27.6)
Use of ketogenic diet, n (%) 21/ 29 (72.4)
Neurostimulation, n (%) 5/26(19.2)
Brain surgery, n (%) 0/ 26 (0.0)
Outcomes

Functional outcome, n (%)

Good outcome (mRS 0-3, GOS 4-5) 12 (38.7
Poor outcome (mRS 4-6, GOS 1-3) 19 (61.3
Seizure outcome, n (%)

Seizure-free with or without ASM 3/28(10.7)
Refractory seizures 24 | 27 (88.9)
Death, n (%) 8 (25.8)

mRS, modified Rankin Scale; GOS, Glasgow Outcome Score; ASM, antiseizure medication.

Regarding the timeline, the earliest brain atrophy was
already observed at 9 days after disease onset. In 13
(41.9%) children, brain atrophy occurred during the first
month after seizure onset.

Magnetic Resonance Imaging Findings during the
Chronic Phase

The most common MRI finding during the chronic phase was
brain atrophy, which was observed in 23 (74.2%) children. In
six of them, focal atrophy was first noted in the chronic phase
and then progressed to generalized brain atrophy. Overall, 18
(58%) children developed a generalized brain atrophy.
The second most common radiologic findings during the
chronic phase were T2/FLAIR changes which affected 12

(38.7%) children and were not present during the acute phase
in half of them. Mostly frequent, T2/FLAIR changes occurred
at the hippocampus in 9 (29%) children.

Locations of Magnetic Resonance Imaging Findings
during the Complete Clinical Course

The number of children with their different MRI findings and
respective locations during the complete clinical course is
listed in =Supplementary Table S2 (available in the online
version). The most frequent observation and localization was
generalized atrophy in 18 (58%) children. The second most
common localization of MRI abnormalities was the hippo-
campus, where we found the largest number of children with
T2/FLAIR changes (11 children, 35.5%), edema (7 children,
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Table 2 Number of MRI findings during acute and chronic phase of FIRES

Number of children during | Number of children Number of children
acute and chronic phases® during the acute phase | during the chronic phase
No MRI abnormalities 3 11 4
MRI abnormalities 28 20 27
Diffusion restriction/cytotoxic 12 8 3
edema
Enhancement 7 5 2
T2/FLAIR changes 20 12 12
Hippocampal signal abnormality 14 11 9
Amygdalae signal abnormality 4 2
Atrophy (focal and generalized) 23 10 23
Hippocampal atrophy 10 2 8
Hippocampal atrophy without 5 0 5
initial restricted diffusion
Hippocampal sclerosis 7 1 6
Generalized atrophy 18 8 18
First MRI findings of atrophy (focal 23 10 13
and generalized)
First MRI findings of hippocampal 5 1 4
atrophy
First MRI findings of focal atrophy 8 2 6
First MRI findings of generalized 15
atrophy
Insular involvement 4 3
Thalamus involvement 2

Abbreviations: FLAIR, fluid-attenuated inversion recovery; MRI, magnetic resonance imaging.

2All MRI findings during clinical course.

22.6%), diffusion restriction (5 children, 16.1%), and
the second frequent location for atrophy (10 children,
32.3%), respectively.

Timelines and Outcome

Timelines and outcomes of 23 (74.2%) children with MRI
findings describing brain atrophy and its long-term progres-
sion are summarized in =Fig. 2. In six children with brain
atrophy, we did not obtain follow-up MRI scans.

The atrophy progressed in most children (51.6%), even
beyond the acute phase. The first MRI evidence of brain
atrophy was very common between the first week and the
first month after the first seizure (13 of 23 children, 56.5%).
Most of these children showed progressive brain atrophy
between the first month and first year after their first seizure
(12 of 23 children, 52.2%). Even after the acute phase, the
brain atrophy progressed in most children (15 of 23 children,
65.2%), progression carried on up to 5 years after the onset of
FIRES. In total, 12 of 16 (75%) children with progressive brain
atrophy (including five children with progressive brain atro-
phy already in the acute phase) presented a poor functional
outcome.
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Exploratory Data Analysis

Exploratory data analysis revealed nominal significance
between all MRI abnormalities considered together and
poor outcome (p=0.049), and between generalized brain
atrophy and anesthesia (p=0.024). After adjustment for
multiple testing, the p-values reached no significance.

Discussion

Our Main Results

This is one of the largest case series describing the spectrum,
evolution, and clinical relationship of MRI findings in chil-
dren with FIRES. In this study, we observed that, unlike the
consistent and constant clinical course, MRI findings were
inconsistent and progressive. FIRES seems not to be limited
to a specific brain localization.

Acute Phase

In line with previous reports, the initial MRI in the majority
of children, despite refractory SE, was normal.>6:810.11
Therefore, a normal initial MRI is characteristic and not
contradictory to a diagnosis of FIRES. The second most
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Fig.1 T2w-FLAIR coronal MRI (Philips Achieva 3T, TE 160, TR 12000) of a 7-year-old girl with FIRES. (A) start, (B) 10th day, (C) 23rd day, (D) 39th
day, (E) 6th month, and (F) 11th month with severe generalized atrophy, starting 10 days after diagnosis and being constant after 6 months.

common finding during the acute phase was T2/FLAIR
changes, mostly located in the hippocampus. Previously,
the hippocampus and temporal lobe were described as the
most affected areas during the acute phase.®'" Reliable data,
whether these changes are due to the persistent epileptic
activity or the underlying epileptogenic process itself, are
still missing.m"12

Chronic Phase

Lee and Chi'® also described focal unusual high signal
intensity at bitemporal cortical areas and bilateral hippo-
campi emerging not only on the first but also on follow-up
MRI. The number of our children with T2/FLAIR changes was
constant in the acute and in the chronic phase. Lee and Chi'°
reported that 34.5% of the children showed generalized brain
atrophy on follow-up MRI. In contrast, we observed that
most children (58%) developed generalized brain atrophy.

Brain Atrophy: Onset

Additionally, already during the acute phase, 32.3% of our
children developed focal or generalized brain atrophy. We
found the earliest brain atrophy at 9 days after disease onset,
which may reflect the severity of this condition. In most
children, however, first proof of brain atrophy was more

likely between the first week and first month after disease
onset. Rivas-Coppola et al'' similarly reported the earliest
MRI evidence of brain atrophy at 2 to 3 weeks after disease
onset.

Brain Atrophy: Localization

Regarding the localization of brain atrophy, 58% of our FIRES
cohort developed a generalized brain atrophy. In agreement,
Culleton et al.® who comprehensively reviewed the reported
literature, described the most common finding during the
chronic phase to be generalized brain atrophy (49.4% of the
children). This was also confirmed by other studies with
similar results.>!!

Brain Atrophy: Progression Despite Stable Chronic
Course

In contrast to the small case series of Rivas-Coppola et a
we were able to follow-up the progression of brain atrophy in
a large number of children in relation to the acute and
chronic phase. Interestingly, most children (16 out of 23
children, 69.6%) showed a progression of brain atrophy
despite a stable chronic course. Implying, that either the
underlying pathogenic process may be ongoing even after SE,
the treatment intensity may contribute, or both are the case.

111
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Child No. Outcome

1 ‘ | Poor
7~

1. week 1. month 3. month 1.year 5. year

. seizure

2 ‘ | Good

1. week 1. month 3. month 1.year 5. year

1. seizure

3 ‘ | Good

1. week 1. month 3. month 1. year 5. year
1. seizure
a ‘ \| Poor
1. week 1. month 3. month 1. year 5. year
1. seizure

5 ‘ \ Good

1. week 1. month 3. month 1. year S.year
1. selzure
6 ‘ | Good
1. week 1. month 3. month 1.year 5. year
1. selzure
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1. week 1. month 3. month 1.year 5. year
1. seizure
8 ‘ ‘ ' & @ \ Poor
1. week 1. month 3. month 1.year 5. year
1. selzure
s . & WL S0 ¥ cow
1. week 1. month 3. month 1. year 5. year
1. selzure

10 ‘ ’ ; | Good

1. Woche 1. month 3. month 1. year S.year
1. seizure
11 ‘ & \| Dead
1. week 1. month 3. month 1.year 5. year
1. selzure
12 ¥ 4 ) 4 I vesd
1. week 1. month 3. month 1.year 5. year
1. seizure
13 ‘ ‘ ‘{} . ‘ | Poor
1. week 1. month 3. month 1.year 5. year
1. selzure

14 ‘ ’ ’ * | Dead

« ¢ & @

1. week 1. month 3. month 1.year 5. year
1. setzure
15 ‘ \, Poor
1. week 1. month 3. month 1.year 5. year
1. selzure

16 ‘ *

\ Good
7

@ (e
PR

1. week 1. month 3.month 1. year 5. year
1. seizure
17 &\ Dead
1. week 1. month 3. month 1.year 5.year
1. seizure
18 s VI 4 L, cood
1. week 1. month 3.month 1.year 5. year
1. seizure
19 ‘ ’ ' * \ Poor
1. week 1. month 3. month 1.year 5. year
1. seizure

20 ‘ * ’ ; \| Dead

1. week 1. month 3. month 1. year 5. year
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21 ‘ * | Poor
7
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1. seure
22 ‘ * \ Poor
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23 ‘ @ ’ \ Poor
1. week 1. month 3. Monat 1.year 5. year
1. seizure
Fig. 2 Outcome, first MRI evdence and progression of brain atrophy. - - - - = acute phase. —— = chronic phase. § =first MRI evidence of an

atrophy. % = progressive atrophy. & = constant atrophy. Abbreviations: Child No.: child number.
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Hocker et al'> presented a retrospective study demonstrat-

ing the evolution of generalized brain atrophy in a series of
adults with SRSE despite seizure control.'® Therefore, the
question of what process underlies the brain atrophy ac-
quired during treatment and progresses beyond the acute
phase must be answered.'* Future studies with this focus are
important to facilitate our understanding of the balance
between treatment intensity and seizure control.'?

Anesthesia, Brain Atrophy, and Clinical Outcome

The high number of generalized brain atrophy has raised
concerns about the poor outcome of FIRES after anesthesia;
however, in contrast to other case series, %" four (12.9%) of
our children with generalized brain atrophy had a good but
not completely normal outcome. For example, one studied at
a university despite refractory epilepsy, one had an IQ of 86
and was able to walk and another one worked at a sheltered
workshop. The already mentioned retrospective case series
in adults with SRSE confirmed that the development of brain
atrophy was associated with the duration of anesthetic use
but not with functional outcomes.'?

Limitations

The limitation of our study is the retrospective design;
therefore, the timing of the MRI was variable and the exact
onset of the brain atrophy could not be specified. On the
contrary, due to the exact timing of serial MRI during the
clinical course, we were able to describe the progressive
changes and classify these in the acute or chronic phase in a
large number of children with FIRES.

Conclusion

This retrospective study confirmed that, although children
with FIRES developed a uniform clinical course, the MRI
findings were variable and frequently progressive despite a
stable chronic course. The cause may be an ongoing disease,
the treatment, or both. The observation that generalized
brain atrophy was most prevalent early during anesthesia
and their unclear causal relationship, making prospective
studies necessary to assess this primarily and, hopefully, to
improve the outcome, even if brain atrophy was not related
to poor outcomes in all children despite FIRES.

MRI in FIRES Moreno-Brauer et al.
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