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Successful surgical resection
in non-lesional operculo-insular epilepsy

without intracranial monitoring
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ABSTRACT – Pre-operative assessment and surgical management of patients with non-lesional extratemporal
epilepsy remain challenging due to a lack of precise localisation of the epileptic zone. In most cases, inva-
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ive recording with depth or subdural electrodes is required. Here, we describe
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ho underwent comprehensive non-invasive phase I vide
ing electric source and nuclear imaging. Left operculo-i
eveloped aphasia which resolved within one year, corrob
hildren. The patient remained seizure-free for more than
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the case of 6.5-year-old girl
o-EEG investigation for drug-resistant epilepsy, inclu-
nsular epilepsy was diagnosed. Post-operatively, she
orating the notion of enhanced language plasticity in
three years.

surgical assessment

he surgical treatment of non-lesional extratemporal
pilepsy (NLEE) remains challenging, mainly due to dif-
culties in localising the epileptic focus. The chance of

mproved outcome following surgery for non-lesional
xtratemporal lobe epilepsy is 35%, compared to 60%
d
o

i:10.1684/ep
d

.2013.0581
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f an abnormality is revealed on MRI (Téllez-Zenteno
t al., 2010). Thus, in most centres, invasive monitor-

ng is advised. However, even with this procedure,
he chance of improved outcome following surgery is,
n average, no greater than 50% (Jayakar et al., 2008;
etjen et al., 2009).
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hus, in NLEE, the full use of complementary imaging
ools is warranted in order to compensate for negative

RI results.
ur group has been actively investigating the role of

lectric source imaging (ESI) for presurgical evalua-
ion over the last 10-20 years and in our experience ESI
rovides good to excellent results in various patient
roups, including non-lesional epilepsy (Brodbeck
t al., 2010; Brodbeck et al., 2011). Here, we present a
hild with non-lesional fronto-temporal lobe epilepsy
ith frequent daily seizures. ESI obtained from 256

calp electrodes, nuclear imaging, as well as ictal and
nterictal EEG recordings with scalp electrodes, sug-
ested a focus within the left insular-opercular cortex.
he child received surgery and has since remained
eizure-free.

ase report

6.5-year-old, right-handed girl suffered from intrac-
able, partial epilepsy since the age of 4.5 years.
linically, she presented with an undefined, unplea-

ant feeling, followed by hypersalivation, and left arm
levation and right arm extension (fencing position) or
onic abduction of the arms. Secondary generalisation
as frequent. The seizures were almost exclusively
octurnal and exhibited a frequency of up to 20 per day.
he patient had been born at term after an unre-
arkable pregnancy. Early psychomotor development
as normal. Her older sister and brother were both
ealthy and family history was negative for epilepsy.
eurological examination revealed no focal neurologi-

al abnormalities. Based on initial neuropsychological
valuation at the age of 6 years and 1 month, the girl was
escribed as shy with limited spontaneous expression,
ut able to produce short sentences with good pho-
ology and simple syntax and good comprehension.
ttention deficit with distractibility and impulsivity, but
o major executive dysfunction, was observed. Gene-
al intelligence was preserved.
eizure control with various antiepileptic drug combi-
ations, including carbamazepine, valproate, vigaba-

rin, clonazepam, levetiracetam, and topiramate, was
ot successful and she was referred for presurgical
ssessment.
he EEG showed an active left fronto-temporal focus
ith slow spikes during sleep. During video-EEG moni-

oring, 15 clinical seizures and more than 20 subclinical
pileptic Disord, Vol. 15, No. 2, June 2013

eizures were recorded during sleep. During the
eizure, she experienced a non-specific aura, and sub-
equently presented with a tonic elevation of both
rms and a fencing position with right arm extension,
ypersalivation, and loss of consciousness. During

he postictal phase, she could not speak but could
nderstand simple orders. The ictal EEG showed left

r
b
a
t
r
u
p

Surgery and non-lesional operculo-insular epilepsy

entro-temporal onset, concordant with the localisa-
ion of interictal abnormalities. The ictal ECG tracing
evealed significant bradycardia (i.e. from 120 to 60 Hz),
ncluding brief asystole of 3-4 seconds during three sei-
ures (figure 1). Subclinical seizures also showed a left
entro-temporal onset. High-resolution 3T MRI did not
how any abnormality (figure 2). A 256-channel scalp
ecording identified interictal spikes and sharp waves,
hich were localised to the left opercular region,

fter co-registration of the electrical source to the
atient’s MRI (Spinelli et al., 2000; Lantz and Michel,
004) (figure 3).
nterictal F-18 positron-emission tomography (PET)
ndicated left insular and opercular hypometabolism.
n addition, ictal 99mTc-ECD SPECT showed hyper-
erfusion in the same structures, predominant in the
perculum (figure 4).
verall, our work-up strongly indicated left operculo-

nsular epilepsy with secondary recruitment of the
nsular region, possibly due to focal cortical dyspla-
ia that was not visible on MRI. Pharmaco-resistance
as well documented, thus the indication for surgical

reatment remained a consideration.
lthough there was no visible lesion and the focus was
lose to Broca’s area, we proceeded directly to sur-
ical resection (with peri-operative corticography) for
everal reasons:
1) the implantation of depth and/or subdural elec-
rodes in this area is associated with a significant
perative risk in itself;

2) it was felt that the benefit of intracranial recording
as relatively small, due to a significant likelihood of

ncomplete coverage of the area, i.e. despite the ope-
ative risk, an uncertainty concerning the true size of
he epileptogenic zone remained;
3) the child suffered from post-operative aphasia, i.e.
anguage cortex was most likely in or nearby the epi-
eptogenic zone. However, language mapping would
ave been difficult since the child spoke only rudi-
entary French (maternal language was Albanese). We

lso felt that at least partial language recovery could be
xpected at that age.

perative procedure

he surgical procedure was performed under general
naesthesia. Neuro-navigation was used to determine
ptimal craniotomy in order to expose the cortical
149

egions of interest. At exposure, the appearance of
rain tissue was normal on inspection whereas an
bnormal consistency was mostly found in the fron-
al operculum and superior portion of the insula. The
esection of frontal and temporal operculum allowed
s to demarcate the insula and the extent of the antero-
osterior region. A disconnection of the insular cortex
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Figure 1. (A-G) Ictal EEG showing a 20-25-Hz rhythm preceding clinical onset, maximum in the left central electrode (C3; →), and
progressing with irregular slowing-down in the left fronto-central region and a semirhythmic spike/polyspike-wave pattern.
(A-E) Bipolar montage; (F and G) ictal onset in monopolar montage.
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Figure 1. (Continued)
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Figure 1. (Continued)
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igure 1. (Continued)

as then performed by aspiration of the subcortical
hite matter, tangentially to the insular surface from

he depth of the inferior and superior semi-circular
ulci.
istopathological analysis showed the presence of
ctopic neurons and gliosis in the white matter of the

eft frontal operculum, as well as white matter gliosis
n the insula.

utcome

he child was closely followed since her operation
hree years ago. She was seizure-free until her last visit.
er parents did not observe any episodes of loss of

onsciousness, involuntary movements, or nocturnal
pileptic Disord, Vol. 15, No. 2, June 2013

vents.
nitially, after the neurosurgery, she presented with
roca’s aphasia and right brachio-facial paresis
ith facial asymmetry. She was able to pronounce
nly a few monosyllabic or bisyllabic words and
emonstrated major difficulties in lexical access and
honological errors. However, verbal comprehension

o
s
s
6
O
w
2

as preserved. Six months post-operatively, her right
ace and arm paresis disappeared completely. After
ne year post-operation, she spoke fluently and was

ntelligible with residual phonological, lexical, and
yntactic difficulties. She also showed deficits in
riting and mathematics. Her verbal IQ was 81 and
erformance IQ was 102 (WISC IV). Overall, her level
f speech returned to the level before the operation
ith unchanged comprehension.

iscussion

e report the case of a 6.5-year-old girl who
nderwent surgical treatment for drug-resistant left
perculo-insular epilepsy, making use of the full range
153

f non-invasive imaging techniques. The child was
eizure-free at two years of follow-up. After surgery,
he developed Broca’s aphasia which resolved within
-12 months.
utcomes following extratemporal resection vary
idely across the literature (Janszky et al., 2000; Roper,

009). Patients with refractory extratemporal epilepsy
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A

B

C

Figure 2. Pre-operative MRI. (A) T1 sequence; (B) T2 sequence,
(C) axial FLAIR of the same examination.
The right side of the brain corresponds to the left side of the
figure.
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igure 3. The maxima of the PET, SPECT, and electric source ima-
ing (ESI) findings co-registered.
ET hypometabolism is not visible because it is relatively circum-
cribed and covered by the positive findings of the ESI and ictal
PECT.
he left side of the brain corresponds to the left side of the figure.

nd structural lesions on MRI have the best chance
f seizure freedom (Carrette et al., 2010; Téllez-
enteno et al., 2010); between 60 and 70% are reported

o have Engel class I outcome. Patients with non-
esional extratemporal epilepsy represent a particular
ifficult-to-treat patient group; on average, only 33-
0% become seizure-free (Jayakar et al., 2008; Wetjen
t al., 2009; Ansari et al., 2010; Téllez-Zenteno et al.,
010). Thus, additional tools for focus localisation are
rucial in order to increase the yield of surgical therapy
n these patients. PET and (ictal) SPECT are now well
stablished tools and have been found to be useful for
oth non-lesional and lesional cases. Co-registration
ay increase the yield, in particular when based on

he patient’s individual MRI (Knowlton, 2006; Kurian
t al., 2007). FDG-PET remains an important clinical
ool for patients with non-lesional, neocortical epi-
epsy in order to correctly localise the epileptogenic
obe. An overall diagnostic sensitivity of 44% for FDG-
ET in patients with different forms of refractory partial
pilepsy and normal MRI findings was reported, in
ontrast to 68% in lesional extratemporal lobe epilepsy
Kim et al., 2009; Lee et al., 2005).
ctal SPECT is another useful tool with reported sensi-
ivity and specificity of 73% and 75%, respectively (tem-
oral and extratemporal epilepsy cases combined;
panaki et al., 1999). In patients with intractable extra-
Epileptic Disord, Vol. 15, No. 2, June 2013

emporal lobe epilepsy, a localised abnormality in
round two thirds is reported, in particular, when
nalysed with subtraction analysis (Won et al., 1999;
’Brien et al., 2000). To the best of our knowledge,

here are no reports of SPECT studies specifically of
atients with NLEE, however, most authors agree that
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igure 4. Left: co-registered PET demonstrating hypometabolis
howing focal hyperfusion in the same region.
he left side of the brain corresponds to the left side of the figur

he yield is less evident in extratemporal, rather than
emporal lobe epilepsy (Rathore et al., 2011).
SI has become another technique with excellent sen-
itivity for the localisation of the epileptic focus. It
s particularly useful in paediatric patients, given that
edation is not required. ESI has been shown to pro-
ide important information for focus localisation in
he presurgical workup (Boon et al., 2002; Bast et al.,
006) with a sensitivity of 75% in extratemporal lobe
pilepsy (Michel et al., 2004; Brodbeck et al., 2011).
ven in non-lesional epilepsy, ESI has demonstrated
xcellent accuracy (Brodbeck et al., 2010). ESI was also
nalysed in our patient and a distinct region in the left
perculo-insular area was identified by co-registration
f the patient’s MRI, PET, and ictal SPECT. Concordance
etween two or more imaging techniques was shown

o be related to a greater chance of post-operative sei-
ure freedom (Kurian et al., 2007). Thus, in our case,
n which we found a high concordance between three
maging techniques, we felt there was no indication to
roceed to phase II evaluation, for focus localisation.

ntracranial EEG may also be indicated in order to
etermine the extent of the epileptogenic zone, and/or
resence of vital nearby cortex which is difficult to
scertain by non-invasive examination alone. How-
pileptic Disord, Vol. 15, No. 2, June 2013

ver, even with subdural and/or depth electrodes,
urgical Engel class I outcome in patients with extra-
emporal dysplasia is only reported in 30-50% patients
Wyllie et al., 1994; Elsharkawy et al., 2008; Wetjen et al.,
009), probably due to incomplete focus coverage.
eri-operative EEG monitoring is an alternative option,
sed by ourselves, but may be difficult to carry out if

n
t
i
o
n
h
s

the left operculo-insular region (red circle). Right: ictal SPECT

here are major time constraints. Motor and sensory
ortex may be determined by intra-operative evo-
ed potentials or electrical stimulation, but requires
n experienced team of neurosurgeons and neuro-
hysiologists.
obesberger et al. (2008) reported a patient suffe-

ing with non-lesional insular epilepsy who became
eizure-free after a limited resection of the anterior
art of the right insula and right frontal oper-
ulum. A few other case reports have provided
vidence for the benefit of operculo-insular resec-
ion in cases of lesional epilepsy (Roper et al., 1993;

alak et al., 2009). Epilepsy surgery of the insula in
he language-dominant hemisphere carries important
isks of language deficits. However, children have an
nhanced capacity for language plasticity, compared
o adults, as demonstrated by their capacity to recover
rom brain injuries or radical surgery, such as hemis-
herectomy for epilepsy (Johnston, 2004; Roulet-Perez
t al., 2010). Basic mechanisms that support plasticity
uring development include persistence of neuroge-
esis in some parts of the brain, elimination of neurons

hrough apoptosis or programmed cell death, postna-
al proliferation and pruning of synapses, and activity-
ependent refinement of ipsilateral and contralateral
155

euronal connections. The transfer of language
o the right hemisphere was identified follow-
ng early injury in young children, i.e. before the age
f 5 to 9 years (Duchowny et al., 1996). A functio-
al MRI study illustrated language plasticity after left
emispherotomy at the age of 9 years for Rasmussen’s
yndrome of the left hemisphere, due to the ability
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f the right hemisphere to take over some expres-
ive language functions (Hertz-Pannier et al., 2002).
hese observations demonstrate the capacity of the
rain to reorganise itself after removal of language-
elated cortex. Moreover, we were previously unable
o reliably map language cortex in a patient with poste-
ior temporal dysplasia by electrocorticography (Seeck
t al., 2006). Thus, we felt that, in this particular case,
esection without previous intracranial EEG could be
nvisaged, given the possible difficulties in covering
he entire epileptogenic zone and the lack of a need
o determine language cortex. Post-operative evolu-
ion demonstrated that language plasticity occurred
eliably and that the level of speech in our patient at
ix months post-surgery was the same as that before
urgery.

onclusion

ere, we present a case of left operculo-insular non-
esional epilepsy, in which the patient received surgery

ithout phase II assessment, but with ESI imaging and
uclear imaging data, with excellent neurological and
ognitive outcome after two years. Extratemporal epi-
epsy surgery is particularly challenging, in terms of
ost-operative seizure control, especially in cases of
on-lesional epilepsy. By using non-invasive imaging

echniques, including also ESI, invasive EEG monito-
ing may be avoided in selected cases. However, this
equires careful evaluation and co-registration of all
maging techniques, as well as the presence of a clearly
efined, unifocal result. Phase II evaluation with chro-
ic intracranial electrodes may be reserved for cases in
hich the determination of the extent of the epilepto-
enic zone or the presence of close vital cortex is not
therwise possible. �
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