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1 | INTRODUCTION

In focal intractable epilepsy, resective surgery can be
considered. In most presurgical evaluation protocols,
the epileptic focus is localized with magnetic resonance
imaging (MRI), routine electroencephalogram (EEG),
and EEG video monitoring (EVM). When these tests
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Abstract

Interictal 18F-Fluorodeoxyglucose positron emission tomography (FDG-PET) is
used in the workup for epilepsy surgery when MRI and EEG video monitoring
are not conclusive. Timing of FDG-PET is crucial to avoid the metabolically dy-
namic (post)ictal state that complicates interpretation, but the exact time win-
dow is unclear. We performed a systematic review to provide an evidence-based
recommendation for the minimal time interval between last seizure and FDG-
PET acquisition. We searched PubMed and Embase for articles on the effect of
time since last seizure on FDG-PET outcome. Quality assessment was conducted
with the Critical Appraisal Skills Programme Cohort Study Checklist. We iden-
tified five studies. Three studies were classified as of low to moderate quality,
mainly due to undocumented data or insufficient statistical measurements. Two
high-quality studies included only adults with Temporal Lobe Epilepsy (TLE).
The metabolic interictal phase is 24 or 48 hours after the last seizure, depending
on seizure type. The recommendation is based on the best available evidence
from two small study populations for TLE. If clinically possible, interictal FDG-
PET in adults should be performed at least 24 hours after focal aware seizures
and 48 hours after focal impaired awareness and focal to bilateral tonic—clonic
seizures.
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are inconclusive, an interictal 18F-Fluorodeoxyglucose
positron emission tomography (FDG-PET) is recom-
mended.'™® Timing is crucial to avoid the metabolically
dynamical postictal state that complicates interpreta-
tion. The epileptic focus is hypometabolic in the inter-
ictal phase and may be hypermetabolic in the ictal and
postictal phase.*”
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The start of the postictal state and especially the
postictal-interictal transition is clinically challenging.®
The postictal state has recently been defined as “a tem-
porary brain condition following seizures lasting min-
utes to days”.” During and after the ictal phase, FDG-PET
may show the focus to be hypermetabolic.>'!! This may
lead to false lateralization if FDG-PET was supposed to
be interictal and hypometabolism relative to the con-
tralateral side is the basis of interpretation. When ictal
FDG-PET was intentionally studied,'* complex dynamic
patterns were observed, probably because FDG uptake
and FDG-PET acquisition exceed the average time of a
seizure. This is further complicated by ictal movements
that increase uptake in motor areas. In the postictal
phase, the pattern depends on the timing of injection
after seizure."

At which point the postictal phase becomes metaboli-
cally interictal is unknown'*; see Figure 1. This image il-
lustrates “time since last seizure” which refers to the time
interval between the last seizure and FDG-PET imaging.
Only in the interictal phase, that is, in the normalized
steady state between epileptic seizures, FDG-PET reliably
shows focal hypometabolism in epileptic foci,* explained
by a variety of mechanisms including reduction in synap-
tic density and neuronal loss.

It is therefore clinically important to define the hy-
pometabolically stable interictal state. The aim of this sys-
tematic review is to evaluate the evidence and provide a
recommendation for timing of FDG-PET.

Ictal Post-ictal Interictal |

Window for

FDG-PET

Hypermetabolism

Brain glucose metabolism

Time since last seizure Time

0 -« >

FIGURE 1
glucose metabolism following an epileptic seizure (time = 0) in

Graphic conceptualization of dynamic brain

epileptogenic foci. The interictal hypometabolic (blue area) baseline
is disturbed by a seizure resulting in temporary hypermetabolism
(yellow area). The progression of the brain glucose metabolism is
unknown (red dotted line) as is the time since last seizure to the
hypometabolic steady state. Abbreviation: FDG-PET, fluoro-2-
deoxyglucose positron emission tomography
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2 | METHOD

This systematic review is reported following the Preferred
Reporting Items for Systemic Reviews and Meta-Analyses
(PRISMA) guidelines. The study protocol was registered
with the Prospero international prospective register of
systematic reviews (Prospero ID: CRD42021227699).
The strategy of this review was to (1) identify all rel-
evant research, (2) asses the quality of the literature, (3)
systematically synthesize the relevant findings, (4) criti-
cally appraisal the included studies, and (5) formulate a
recommendation.

2.1 | Search strategy

The following Mesh Terms were used in PubMed: epilepsy,
seizures, fluorodeoxyglucose F18, and brain/metabolism.
No filter was applied, the search was not constrained on
publication year. Used Emtree terms in Embase were as
follows: epilepsy, seizure, Fluorodeoxyglucose F18, and
brain metabolism. For all terms, different spelling and
synonyms were used. In Embase, the “sources filter”
was applied to only include Embase results and exclude
Medline because they overlap with the results in PubMed.
The detailed search strategy is found in Appendix S1.

2.2 | Eligibility criteria

Online databases PubMed and Embase were searched on
5th of May, 2022. We included the studies of epilepsy pa-
tients which reported time since last seizure, and imag-
ing with 18F FDG-PET. Conference abstracts and studies
without novel data collection and were excluded. We did
not limit eligibility by publication year or study design.

2.3 | Quality assessment

We assessed all papers for quality using the Critical
Appraisal Skills Programme (CASP) Cohort Study
Checklist."> All studies included were observational co-
hort studies.'® Their quality is presented in percentages.

2.4 | Data extraction and analysis

The following study characteristics were extracted: first
author, year of publication, study design, number of inclu-
sions, patient demographics, seizure type, time points, and
FDG-PET analysis. The data were analyzed descriptively.
Data collection focused only on time since last seizure.
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Seizure type is reported according to the new classifica-
tion by the International League Against Epilepsy (ILAE).
Studies scoring higher than 60% on quality were used for
the recommendation.

3 | RESULTS

3.1 | Study selection

The search strings provided 83 and 70 results in PubMed
and Embase, respectively (for flow diagram, see Figure
S2). Search results were merged using reference man-
agement software Rayyan. Animal and pharmacological
studies were excluded on title alone; from other articles
full abstract were read. There were multiple articles about
interictal FDG-PET, but only 11 articles included time
since last seizure. Five articles met inclusion criteria and
were included in this systematic review.

3.2 | Datasynthesis

The aim, statistical method, results, conclusions, and
CAPS score of these five studies™™’° are summa-
rized in Table 1. The study data are shown in Table S3.
Publication year ranged from 1994 to 2013. Most studies
were retrospective!’ 2’ except one.'* Two studies included
children.'® Three of the studies included adult patients
with temporal lobe epilepsy (TLE)."*!”* All studies had
different measurements for time since last seizure. The
outcome, determined by analysis of FDG-PET images,
was defined differently in each study. This is explained in
Appendix S4.

The datasets in the reviewed papers are described
rather sparsely. Apart from the data given in Table S3, no
additional insights into the datasets have been reported.
The most frequent determinant was “time since last sei-
zure”; hence, this term was used in this systematic review.
Other terms included: “duration in days from the last sei-
zure to PET” and “interval since the last seizure.”

3.3 | Critical appraisal
The quality scoring overview is enclosed in Table S5.
Additional explanation is added.

Leiderman et al’s study'* (CAPS 92%) was the only
study with dynamic FDG-PET imaging, resulting in quan-
titative data for the time course of metabolic change.
They distinguished between simple and complex partial
seizures. A drawback of this study is that they did not re-
port standard deviations with the mean metabolic glucose

measurements. Therefore, outliers and individual differ-
ences are unknown.

Savic et al'’ (CAPS 50%) concluded that there was no
correlation between time since last seizure and the extent
of hypometabolism. They searched for a linear correla-
tion under the assumption of normal data distribution,
which is doubtful because only an average of 2.5days
was presented without a range or standard deviation.
Furthermore, for a linear correlation, multiple data points
on a timeline are needed. The period in this study was too
short to provide this.

Gaillard et al'® (CAPS 55%) did not document time
point measurements and which statistical analysis they
used. Their FDG-PET protocol was unclear. Their data-
base included multiple FDG-PET scans from the same pa-
tient with potentially interesting findings; unfortunately,
results were not documented per patient. No multiple
regression analysis was conducted to assess the indepen-
dent contribution of seizure frequency and time since last
seizure.

Tepmongkol et al*® (CAPS 91%) described a popula-
tion with generalized seizures only; their conclusion may
therefore not apply to other seizure types. They conducted
univariate and multivariate analyses determining indi-
vidual or combined contribution of determinants to the
outcome.

Kumar et al'® (CAPS 20%) did not focus on the de-
terminant of this systematic review, which is time since
last seizure. Measurement of time points was not doc-
umented. In the results, no correlation was said to be
found, but it is unclear which statistical analysis they
used and no P-values were reported. Paired ¢-test, un-
paired t-test, and ANOVA were used, which implies an
assumption of normally distributed data. With a range
from 1 to 90days and a median of 1.5days, this is impos-
sible. They did not report seizure type which may be a
confounder.

4 | DISCUSSION

We wanted to know when FDG-PET may be safely inter-
preted on the assumption of interictal hypometabolism of
the epileptic focus, using clinical time since last seizure.
We identified and critically appraised five studies with a
total of 138 subjects. We focused on temporal differences
in FDG-PET rather than spatial differences.

Three out of five studies reported that time since
last seizure significantly influences results. The studies
which reported no correlation were of low quality. The
two high-quality studies solely included adult patients
with TLE. A safe and practical advice may be formu-
lated: acquisition of FDG-PET for TLE should ideally be
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performed at least 1day after a focal aware seizure and
2days with impaired awareness or a focal to bilateral
tonic—clonic seizure.

Often patients do not know when they had a seizure.
Probably only about 50% of seizures are reported by pa-
tients and caregivers.”! EEG during FDG-PET acquisition
is recommended, but it is difficult to define a postictal
state in EEG and lacks to provide information about the
hours preceding the FDG-PET. Subclinical seizures may,
however, show up during FDG-PET acquisition, espe-
cially in children, that may also confound FDG-PET.***
Several other studies concluded that frequent or contin-
uous seizures are associated with hypermetabolism on
FDG-PET.'**** A high seizure frequency will raise the
odds of a shorter time interval between seizure and FDG-
PET imaging. We believe that the interpretation of FDG-
PET in patients suffering from frequent seizures as well
as a recent seizure should be extra careful. Ideally, contin-
uous EEG monitoring starting 2 hours before the injec-
tion up to 20 min after the injection should be performed
for detection of epileptic activity to avoid false interpreta-
tion; however, this is not always practically feasible.

The recommendation may not apply to children.
Gaillard et al. did conclude that serial FDG-PET in chil-
dren is affected by time since last seizure and seizure
frequency.'® Unfortunately, data supplied in their article
preclude a recommendation. In another study, children
were excluded when the last seizure occurred less than
24 hours before FDG-PET imaging.**

The duration of the metabolically postictal phase has
been rarely researched and should be a topic for future
studies. Studies of postictal change in perfusion do not
necessarily translate to metabolism.>>*® Other interesting
questions concerning PET imaging in epilepsy are among
others quantitative post-processing increasing the diag-
nostic value of the PET?” and novel PET ligands such as
ones targeting mediators of the immune system. These
topics definitely require investigation but are beyond the
scope of this clinically focused review.

Dynamic ictal FDG-PET would give the opportunity
to picture the metabolic transition from the postictal
to the interictal phase and add context to individual
differences.”®

5 | CONCLUSION

Only five studies have researched the effect of time since
last seizure on brain metabolism measured with FDG-PET
in patients with epilepsy. These suggest that in adults,
brain glucose metabolism in focal seizures will take at
least 24 hours to return to its hypometabolic baseline.
In focal to bilateral seizures, a minimum of 48 hours is

needed. FDG-PET imaging performed within 24-48 hours
can result in relative hypermetabolism of the epileptic
focus compared to the contralateral (healthy) hemisphere
and result in false lateralization. Further research on this
topic is advised.
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