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ABSTRACT

Objective: In presurgical evaluation, positron emission tomog-
raphy with fluorodeoxyglucose-F18 (FDG-PET) is an important
tool in identifying epileptogenic area. The aim of this study
was to evaluate glucose metabolism in FDG-PET in patients
with temporal lobe epilepsy (TLE) showing ‘switch-of lateral-
isation’ (SL) and ‘bilateral asynchrony’ (BA) in ictal scalp EEG
and compare their results with patients with TLE and none of
these patterns.

Methods: Twenty-four patients with TLE showing SL and/or
BA in at least one of their seizures in video-EEG monitoring
and 38 patients with TLE and without these patterns who had
epilepsy surgery and a follow-up at least 5-years were includ-
ed. The clinical, electrophysiological and imaging features
were evaluated and a statistical comparison was performed
between the groups.

Results: Bilateral hypometabolism was more frequent in pa-
tients with SL and/or BA (39%) than in patients without these
patterns (0%, p=0.040) in parallel with bilateral interictal epilep-
tiform discharges and bilateral abnormalities in MRI. The pres-
ence of unilateral or bilateral hypometabolism was not related to
postsurgical outcome in patients with SL and/or BA.

Conclusion: The possibility of low accuracy in the lateralisa-
tion of hypometabolism in FDG-PET might be interpreted
cautiously in TLE with bilateral independent ictal activity like
SL and BA.

OZET

Amag: Temporal lob epilepsili (TLE) hastalarin cerrahi dncesi
degerlendirilmesinde epileptojenik alanin belirlenmesi amaciyla
yapilan flurodeoksiglukoz F 18'li positron emisyon tomografisi
(FDG-PET) incelemesi énemli bilgiler saglamaktadir. Bu calis-
mada, ylzeyel iktal EEG kayitlarinda ‘switch-of lateralizasyon’
ve/veya 'bilateral asenkroni’ izlenen TLE'li hastalarinin interiktal
FDG-PET incelemelerinde glukoz metabolizma verilerinin ince-
lenmesi ve bu paternlerin izlenmedigi TLE hastalar ile karsilagti-
rilmasi amacland.

Gere¢ ve Yéntem: Video-EEG monitdrizasyon (VEM) incele-
mesinde en az bir ndbetinde ‘switch-of lateralizasyon’ ve ‘bila-
teral asenkroni’ saptanan 24 TLE'li hasta ¢alismaya dahil edildi.
Kontrol grubu olarak, bu iktal paternlerin izlenmedigi, epilepsi
cerrahisi gecirmis ve 5 yillik izlemi olan TLE hastalar belirlendi.
Klinik, elektrofizyolojik ve gérintileme bulgular degerlendirildi
ve hasta gruplarn arasinda istatistiksel olarak kiyasland.

Bulgular: VEM'de ‘switch-of lateralizasyon’ ve/veya ‘bilateral
asenkroni’ izlenen TLE'li hastalarda (%39), bu paternlerin izlenme-
digi gruba kiyasla (%0) FDG-PET incelemelerinde bilateral tempo-
ral hipometabolizma gérilme orani daha fazlaydi (p=0.040). Bu
oran, bilateral interiktal epileptiform aktivite ve bilateral manyetik
rezonans gorintilme anomalileri icin de benzerdi. Opere olmus
ve VEM incelemelerinde ‘switch-of lateralizasyon’ ve/veya ‘bilate-
ral asenkroni’ izlenen TLE'li hastalar icerisinde FDG-PET'de bila-
teral temporal hipometabolizma varlidi, cerrahi sonrasi sonlanm
acisindan farklilik géstermemekteydi.
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Sonug: Sonuclarimiz, cerrahi dncesi degerlendirmede VEM'de
‘switch-of lateralizasyon’ ve/veya ‘bilateral asenkroni’ izlenen
TLE'li hastalarda FDG-PET bulgularinin lateralizasyon degerleri-
nin dikkatli yorumlanmasi gerektigini gostermistir.
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INTRODUCTION

In drug resistant temporal lobe epilepsy (TLE), previous
studies indicated the efficacy of surgery to achieve sei-
zure freedom, to improve the quality of life and to re-
duce the mortality rate (1-5). For a successful surgery, it
is crucial to identify epileptogenic area where epileptic
seizures generate in the brain (2, 6). For this purpose, an
intensive set of clinical, electrophysiological and imaging
findings are viewed as presurgical evaluation (2, 4, 6). In-
terictal positron emission tomography (PET) is one of the
functional imaging techniques, used in the assessment of
the epileptogenic area (7-9).

PET with flourodeoxyglucose F 18 (FDG-PET) becomes
an important tool in presurgical evaluation in TLE (7, 9,
10). An unilateral anterior temporal hypometabolism pre-
dicted surgical freedom in 79-82% of the patients with
TLE, even in the presence of normal magnetic resonance
imaging (MRI) (11-16). In patients with a nonlateralised
ictal scalp electroencephalography (EEG), unilateral hy-
pometabolism in FDG-PET was present in 72% of sei-
zure-free patients with TLE (16).

Ictal scalp EEG propagation was studied for more than
three decades in TLE (17-21). 'Switch-of lateralisation’
and ‘bilateral asynchrony’ were two ictal scalp EEG
propagation patterns, showing bilateral epileptogenici-
ty and an unfavourable outcome after epilepsy surgery.
However, our group have published recently that 75% of
the patients with these propagation patterns were sei-
zure-free in the presence of unilateral consistent interictal
epileptiform discharges (IED) (17). The relation between
FDG-PET hypometabolism and these different ictal EEG
propagation patterns had not been studied previously.

The aim of this study was to evaluate the FDG-PET results
in patients with TLE showing ‘switch-of lateralisation” and
‘bilateral asynchrony’ in ictal scalp EEG and to compare
them with the seizure free TLE patients without these un-
usual ictal propagation patterns.

MATERIALS AND METHODS

Drug resistant patients with TLE who underwent scalp
video-EEG monitoring (VEM) for epilepsy surgery be-
tween 2000-2014 were reviewed in our department. TLE
was diagnosed according to clinical, electrophysiological
and neuroimaging findings.

‘Switch-of lateralization’ and ‘bilateral asynchrony’ were
defined according to the first definition by Steinhoff et
al. (20). Seizures with ictal discharges lateralized to one
hemisphere/temporal lobe at seizure onset, followed by
lateralization of ictal discharges to contralateral hemi-
sphere/temporal lobe for more than 10 seconds are
grouped as ‘switch-of lateralization’. In seizures with bi-
lateral asynchrony’ pattern, ictal discharges are lateral-
ized to one hemisphere/temporal lobe and during the
course of seizure, the difference between the frequency
of ictal discharges of two hemispheres/temporal lobes
are more than 1 Hz for more than 10 seconds.

Patients with TLE who were seizure free for at least 5 years
after surgery were included to study as a control group.

The clinical, electrophysiological and neuroimaging fea-
tures were evaluated retrospectively. In VEM, IEDs were
considered unilateral when more than 70% of them were
restricted to unilateral temporal lobe (22). Hippocampal
sclerosis (HS) was diagnosed in the presence of atrophy
in T1 weighted images and hyperintensity in T2/FLAIR
weighted images in MRI. Interictal FDG-PET hypome-
tabolism was evaluated visually by a blinded examiner
(EY) who had experience in functional neuroimaging in
patients with epilepsy. Surgical outcome was evaluated
according to Engel’s classification (23). Engel Class | was
grouped as seizure-free and Engel Class II-IV as not sei-
zure-free.

Statistical analyses were performed by using SPSS ver-
sion 20.0. Chi-square and Mann-Whitney U tests were
used to compare results between patient groups. p val-
ues less than 0.05 were considered as significant.

The local ethics committee approved the study and all
patients gave written informed consent.

RESULTS

Twenty-four patients with TLE showing ‘switch-of laterali-
sation’ and/or 'bilateral asynchrony’ in at least one of their
seizures in VEM and 38 TLE patients without these pat-
terns were included to the study. Patients with ‘switch-of
lateralisation’ and/or 'bilateral asynchrony’ were younger
than patients without these patterns (Table 1). Epilepsy
duration were longer in patients without ‘switch-of later-
alisation’ and 'bilateral asynchrony’ than those with (Table
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Table 1: Clinical, electrophysiological and imaging features of the patients with TLE

TLE with SL and/or BA

TLE without SL and/or BA

(n=24) (n=38)
Age, years 36.5+7.7 41.5+7.9 0.014
Epilepsy duration, years 23.7+8.3 30.1+£8.2 0.009
FDG-PET temporal hypometabolism, n (%)’ 0.040
Unilateral 11 (61.1) 9 (90)
Bilateral 7 (38.9) 0 (0)
Normal 0 (0) 1(10)
Interictal epileptiform discharges, n (%) 0.003
Unilateral 9 (37.5) 26 (68.4)
Bilateral 12 (50.0) 4 (10.5)
Normal 3(12.5) 8(21.1)
Outcome after surgery, n (%) 0.024
Seizure-free 12 (70.6) 36 (94.7)
Not seizure-free 5(29.4) 2(5.3)
MRI 0.014
Unilateral 16 (66.7) 35(92.1)
Bilateral 4(16.7) 3(7.9)
Normal 4(16.7) 0 (0)

"Eighteen patients in ‘switch-of lateralization” and ‘bilateral asynchrony’ group had FDG-PET test whereas 10 in non ‘switch-of lateralization’
and 'bilateral asynchrony’ group had FDG-PET test; 'Seventeen patients in ‘switch-of lateralization’ and 'bilateral asynchrony’ group had
epilepsy surgery; TLE; temporal lobe epilepsy, SL; switch-of lateralization, BA; bilateral asynchrony, FDG-PET; position emission tomogra-

phy with flourodeoxyglucose F 18, MRI; magnetic resonance imaging

1). Seventeen patients in ‘switch-of lateralisation’ and/or
‘bilateral asynchrony’ group had undergone epilepsy sur-
gery (17/24, 71%).

Among 24 patients with ‘switch-of lateralisation’ and/
or ‘bilateral asynchrony’, 18 had a FDG-PET study while
FDG-PET test was performed in only 10 of 38 patients
without ‘switch-of lateralisation’ and ‘bilateral asynchro-
ny’. Eleven of patients with ‘switch-of lateralisation” and
‘bilateral asynchrony’ had unilateral temporal hypome-
tabolism (11/18, 61%), whereas 9 of patients without these
patterns had unilateral temporal hypometabolism (9/10,
90%), showing a significant difference (Table 1). None of
the patients with these ictal propagation patterns had a
normal FDG-PET study. Patients with ‘switch-of laterali-
sation’ and ‘bilateral asynchrony’ had significantly more
bilateral IED and a poorer outcome after surgery than pa-
tients without these patterns (50% vs 11% for bilateral IED
and 29% vs 5% for not seizure-free, p<0.05).

MRI showed unilateral and bilateral lesions (HS in 19 and
unilateral temporal cavernoma in one) in 16 and 4 of 24
patients with ‘switch-of lateralisation” and/or ‘bilateral
asynchrony’, respectively (67% and 17%) whereas unilat-
eral HS was present in 35 of 38 patients without ‘switch-of
lateralisation” and ’bilateral asynchrony’ and bilateral in
three (92% and 8%). None of the patients without ‘switch-
of lateralisation’ and ‘bilateral asynchrony’ had normal
MRI. However, normal MRI was present in four patients

with ‘switch-of lateralisation’ and/or ‘bilateral asynchrony’.
Patients without ‘switch-of lateralisation” and ‘bilateral
asynchrony’ were more likely to have unilateral MRl lesions
compared to patients with ‘switch-of lateralisation’ and/
or 'bilateral asynchrony’ with a statistically significant level.

Among the patients with ‘switch-of lateralisation” and/or
‘bilateral asynchrony’ and who had surgery (17), an FDG-
PET study was conducted of 12 patients. Four of eight
patients showing unilateral temporal hypometabolism
were seizure-free while the remaining four were not sei-
zure-free after surgery. There were four patients showing
bilateral temporal hypometabolism whose surgical out-
come was seizure-free in two and not seizure-free in the
other two. The group difference did not show any sig-
nificance between the pattern of hypometabolism in the
FDG-PET tests and the surgical outcome.

Intracranial VEM was performed on 6 of patients with
‘switch-of lateralisation” and/or ‘bilateral asynchrony’.
The decision for intracranial VEM was made by the ep-
ilepsy surgery team in our unit, and consisted of an ep-
ileptologist, a neurosurgeon, a radiologist, and nuclear
medicine radiologists. Among these patients, four had
bilateral and one had unilateral hypometabolism in the
FDG-PET studies. One patient did not have an FDG-PET
study. Five of the six patients having intracranial VEM,
were seizure-free.
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DISCUSSION

Ictal scalp EEG propagation patterns like ‘switch-of later-
alisation” and ‘bilateral asynchrony’ are under recognised
electrophysiological patterns which are underestimated in
the presurgical evaluation of patients with TLE. Steinhoff
et al. described these patterns in the late-90s and showed
that these patterns were associated with bilateral IED (20).
Similarly, in our study, we also found that bilateral IED was
more frequent in the presence of ‘switch-of lateralisation’
and 'bilateral asynchrony’. Likewise, bilateral temporal hy-
pometabolism in FDG-PET studies was more common in
patients showing these ictal EEG propagation patterns.

FDG-PET is a noninvasive functional imaging technique
which evaluated dysfunctional cortical areas showing dis-
rupted glucose metabolism. The pathophysiology of the
dysfunctional areas was not precisely understood. How-
ever, several hypotheses have been described including
diaschisis, decreased synaptic density, neuronal loss, and
the enhancement of the inhibitory processes over the ep-
ileptogenic areas (24, 25). Additionally, factors related to
seizures might play a role in the change of glucose me-
tabolism in both the epileptogenic area and the related
parts of the brain (26, 27). Unilateral hypometabolism was
found in TLE (66-100%) and suggested to be related to a
favourable outcome after surgery in patients with normal
MRI even though the lack of IEDs (13, 16, 25, 28). In TLE
associated with HS, unilateral restricted hypometabolism
in the mesial temporal region was highly suggestive of an
excellent outcome after surgery (29, 30). The results of the
FDG-PET studies identifying epileptogenic area in extra-
temporal lobe epilepsy were less satisfying (31-33). The
relation between hypometabolism in FDG-PET studies
and ictal scalp EEG patterns had not been studied before.

Previous studies implied that switch-of lateralisation” and
‘bilateral asynchrony’ was related to bilateral IED (17-20).
In the presence of these patterns, the false lateralisation
of ictal EEG onset and non-lateralised semiology were
also more frequent (18, 19, 34). In accordance with these
previous studies, we also found that bilateral IED were
more common in patients with these patterns in scalp
EEG recordings.

Our study revealed more frequent bilateral hippocampal
abnormalities in MRl in patients with TLE showing "switch-
of lateralisation’ and/or 'bilateral asynchrony’ patterns in
scalp ictal EEG when compared to those without ‘switch-
of lateralisation’ and 'bilateral asynchrony’. These results
were similar with a previous neuroimaging study (35). Pa-
tients with bilateral independent seizure onset in scalp
ictal EEG figured as right and left seizure onset in differ-
ent seizures and ictal propagation patterns like ‘switch-
of lateralisation” and ‘bilateral asynchrony’ had bilateral
prolonged hippocampal T2 relaxation time in MRI studies
of patients with TLE-HS (35). In this study, an interesting

finding was the relation between bilateral independent
seizure onset and the relatively predominant T2 changes
in the anterior temporal regions while unilateral T2 chang-
es were present. Abnormalities localised to the anterior
temporal region in MRI might imply the role of hippocam-
pal commissure in the propagation of ictal discharges in
‘switch-of lateralisation” and "bilateral asynchrony’ (17, 35)
and emphasise the theory of unilateral hippocampal fo-
cus with disrupted ictal propagation. However, this data
has not been verified by another MRI study evaluating
structural temporal pole abnormalities (36). More studies
are needed to clarify the role of hippocampal commissure
in bilateral independent ictal activity like ‘switch-of later-
alisation’ and 'bilateral asynchrony’ in TLE.

Studies with patients with TLE revealed that ‘switch-of
lateralisation’ and ’bilateral asynchrony’ were related to
poor outcome after surgery when compared with the
patients without these patterns in scalp ictal EEG (18,
19, 34). However, it has been previously suggested that
unilateral IED might predict favourable outcomes even
in the presence of these patterns (17). The present study
showed an increased frequency of being non-seizure
free after surgery in patients with TLE and ‘switch-of lat-
eralszation’ and/or ‘bilateral asynchrony’. In our control
group, 95% of the patients were seizure free for 5-years
following the surgery which was higher than previously
reported (18, 37-39). This could be explained by the high
incidence of HS (92%) in this group.

In our study, patients with bilateral independent ictal ac-
tivity in scalp EEG were slightly younger and had shorter
epilepsy duration when compared to those without. Sev-
eral studies have investigated epilepsy duration and sur-
gical outcome in TLE (37, 40-43). Some of these reports
found that longer epilepsy duration (more than 20 years)
was related to poorer outcomes after surgery while oth-
ers found no relation between these parameters (37, 41-
43). Although some authors suggested the possibility of
secondary epileptogenesis in TLE (44-46), this hypothesis
needs to be proved in future studies (47). Regarding the
fact that both groups in our study had a longer epilepsy
duration than 20 years, we consider that the effect of age
does not play an important role in our results.

Within the patients with ‘switch-of lateralisation” and/or
‘bilateral asynchrony’ who had surgery, FDG-PET find-
ings have failed to predict the surgical outcome. In the
presence of these patterns, it was known that the reli-
ability of the lateralisation value of electrophysiological
parameters decrease (18, 19, 34). The results of presurgi-
cal evaluation should be interpreted cautiously, including
FDG-PET studies. Although a previous study suggested
the possible role of unilateral IED in predicting the fa-
vourable outcome, the low number of patients with these
patterns might lead to misinterpretation (17). Hence, in-
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tracranial monitoring should be considered to identify
the epileptogenic area, in appropriately selected cases
with a clear hypothesis of the epileptogenic area.

CONCLUSION

Patients with TLE having bilateral independent ictal ac-
tivity like 'switch-of lateralisation’ and ‘bilateral asynchro-
ny" in scalp EEG monitoring showed bilateral temporal
hypometabolism in FDG-PET studies in parallel with
bilateral abnormalities in interictal EEG and MRI. In the
presence of these patterns, it is important to be aware
of unreliable information about the lateralisation of the
epileptogenic area, also gathered from the PET studies.
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