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Contributions of EEG-fMRI to
Assessing the Epileptogenicity of
Focal Cortical Dysplasia
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Canada, 2 Neurology Department, Geneva University Hospitals, Genay Switzerland

Purpose: To examine the ability of the BOLD response to EEG spikes to asss the
epileptogenicity of the lesion in patients with focal cortal dysplasia (FCD).

Method: Patients with focal epilepsy and FCD who underwent 3T EEG-fRI from 2006
to 2010 were included. Diagnosis of FCD was based on neuroradlogy (MRC), or
histopathology in MRI-negative cases (MRI). Patients underwent 120 min EEG-fMRI
recording session. Spikes similar to those recorded outsiel the scanner were marked in
the Itered EEG. The lesion (in MRZ) or the removed cortex (in MRI') was marked on
the anatomical T1 sequence, blindly to the BOLD response, tdr reviewing the FLAIR
images. For each BOLD response we assessed the concordance ith the spike eld
and with the lesion in MRC or the removed cortex in MRI . BOLD responses were
considered “concordant” if the maximalt-value was inside the marking. Follow-up after
resection was used as gold-standard.

Results: Twenty patients were included (13 MRT, 7 MRI ), but in seven the EEG was
not active or there were artifacts during acquisition. In hIL3 studied patients, at least
one BOLD response was concordant with the spike eld; in 9/13(69%) at least one
BOLD response was concordant with the lesion: in 6/7 (86%) M and in 3/6 (50%)
MRI patients.

Conclusions: Our study shows a high level of concordance between FCD and BCD
response. This data could provide useful information espeally for MRI negative patients.
Moreover, it shows in almost all FCD patients, a metabolic wolvement of remote cortical
or subcortical structures, corroborating the concept of efleptic network.

Keywords: EEG-fMRI, FCD, neuronal migration disorder, epile ptic network, localization

INTRODUCTION

Focal cortical dysplasia (FCD), a frequent cause of drugtaesdi focal epilepsy, is a neuronal
migration disorder characterized by abnormalities of thmlinar structure of the cortex, variably
associated with cytopathological features including gi{@ntcytomegalic) neurons, dysmorphic
neurons, and balloon cell$*@imini et al., 2000} The classi cation of FCD was reviewed by an
ILAE task force Blumcke et al., 20);lwhich proposes three categories: FCD type | characterized
by radial (FCD type la) or tangential (FCD type Ib) dyslaminatiof the neocortex; FCD type

Il refers to a cortical dyslamination and dysmorphic neuronishaut (type lla) or with balloon
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FIGURE 1 | Thirty two year old patient (case 1) with FCD and macr  ogyria involving the lips of the middle and inferior left frontal gyri (indicated with a
green arrow in the FLAIR sequences acquired outside the EEG- fMRI, and marked in white in the anatomical sequence acquired du ring EEG-fMRI). The
marked events were spikes and slow waves maximum at C3 (avege reference). The BOLD response showed a focal activationitih a maximumt-value in the lesion,
a cluster in the homologous contralateral region, and deaotation clusters in the precuneus, globi pallidi, and leftgrahippocampal gyrus.

Activation t 3.1 Il 6.1
Deactivation t -3.1 ]

cells (type llb); and FCD type Ill occurs in combination EEG-fMRI (Federico et al., 2005; Tyvaert et al., 0slowed
with other types of lesion (hippocampal sclerosis in type lllathat focal IEDs are associated with metabolic changes (IEDs-
tumors in type llib, vascular malformations in type llic, and related BOLD activations or deactivations) in the lesicselt
epileptogenic lesions acquired in early life in type llid) Ustural  and the overlying cortex but also in areas and neural networks
MRI can detect dysplastic changes in a variable percentage @ftending beyond the FCD. A larger study of patients with
cases and more easily in patients exhibiting balloon ceffse(t type Il FCD (Thornton et al., 201).comparing EEG-fMRI with
lIb) (Tassi et al., 20)23T MRI fails to localize the dysplastic intracranial EEG ndings, con rmed that EEG-fMRI provides
lesion in up to 87% of patients with FCD type | and 33% of thoseiseful information on the extension and epileptogenicity of
with FCD type Il (Bernasconi et al., 20).1Surgical results are FCDs and helps to identify patients with good surgical outcome
variable Palmini et al., 1991; Kloss et al., 2002; Tassi et al., 20Qghose with discreet and solitary lesion and well localized
Chassoux et al., 2012; Guerrini et al., 20a8d depend on the epileptogenic area) from patients who would be less likely to
ability to delineate and fully excise the entire region ofplastic  bene t from resective surgery (those with remote epileptagen
cortex (Paolicchi et al., 2000; Wagner et al., 20The lesion greas).

may be small and di cult to detect on routine MRI{e Ciantis The aim of our study is to further characterize EEG-fMRI
et al., 201F parts of the dysplastic tissue may be undetectablghanges in a population of patients with focal cortical dysplasia
(Bernasconi et al., 20),lor additional dysplastic cortical areas demonstrated by MRI or histopathology. More speci cally, we
remote from the lesion existuser et al., 20)%ll reasons that wish to assess if EEG-fMRI can de ne the localization and
explain the variability of the surgical outcomeSa(iser et al., extension of the FCD, and if it can contribute to determine th

2019. localization and extension of the epileptogenic area(s) axgia
Recording simultaneously functional MRI (fMRI) and EEG by the primary dysplastic lesion.

is a noninvasive method detecting cerebral hemodynamic

changes related to interictal epileptic discharges (IEDs) on

scalp EEG. Several studies demonstrated the ability of EERIETHODS

fMRI to characterize various forms of focal and generalized

epilepsy Gotman et al., 2005; Laufs and Duncan, 2007; GotmarfSubjects

2009 and the clinical utility of this approachZ(jlmans et al., We included consecutive patients with a diagnosis of focal
2007; Moeller et al., 2009; Pittau et al., 2012; An et alepilepsy and FCD who underwent EEG-fMRI from October

20193. Previous small series of FCD patients studied witl2006 to July 2010. The diagnosis of FCD was based on
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Activation t 3.1 [Illllr] 7.9
Deactivation t -3.1 5.6

FIGURE 2 | Thirty four year old patient (case 2) with FCD (marked in white) in the paramedial portion of the left precuneus (the g reen arrow indicates
the lesion in the coronal FLAIR sequence). The marked events were polyspikes max at CzPzP3 (average ezénce). The BOLD response showed a focal
activation with a maximumt-value in the lesion.

the neuroradiological ndings (MRT) and when applicable Munich, Germany, 5 kHz sampling rate) to the EEG monitor
con rmed by histopathology or, in case of negative MRI (MR]  located outside the scanner room via an optic ber cable.
on histopathology reports only. Some patients had surgery A T1l-weighted anatomical acquisition was rst done (1 mm
and resections were guided by the integration of clinicadl anslices, 256 256 matrix, TED 7.4 ms, TRD 23 ms, ip angle
laboratory ndings excluding the EEG-fMRI results. The study30 ) and used to superimpose functional images. The functional
was approved by the institutional research ethics board. Eadata were acquired in runs of 6 min each with the patient in the
subject gave written informed consent in accordance witlresting state using a T2veighted EPI sequence (6464 matrix;
the Research Ethics Committee of the Montreal Neurologicatither 25 slices, 5 5 5mm, TED 30 ms, TRD 1.7s, or 33
Institute and Hospital. slices, 3.7 3.7 3.7mm, TED 25 ms, TRD 1.9 s; ip angle

90 ). The data are available upon request to the authors.

EEG-fMRI Acquisition

EEG was continuously recorded inside a 3T MRI scanneEEG-fMRI Processing

(Siemens, Trio, Germany). No sedation was given. The EEEEG

acquisition was performed with 25 MR compatible electrode8rain Vision Analyser software (Brain Products, Munich,
(Ag/AgCl) placed on the scalp using the 10-20 (reference a@bermany) was used for o -line correction of the gradient &att
FCz) and the 10-10 (F9, T9, P9, F10, T10, and P10) placemdptllen et al., 2000 A 50-Hz low-pass lter was also applied to
systems. Two additional electrodes were placed to record themove the remaining artifact. The ballistocardiogramifact
electrocardiogram. The head of the patient was immobilizéd w was removed by independent component analyBisnar et al.,
a pillow lled with foam microspheres (Siemens, Germany) t02003. A neurologist reviewed the EEG recording and marked
minimize movement artifacts and for patient's comfort. DatalEDs, according to those observed during clinical monitgrin
were transmitted from a Brain Amp ampli er (Brain Products, (outside the scanner).
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FIGURE 3 | Twenty six year old patient (case 3) with FCD (marked  in white in the anatomical sequence acquired during EEG-fMRI a nd indicated with a
green arrow in the coronal FLAIR sequence) in the L second fron tal gyrus. The marked events were low amplitude spikes max at F3 (refenéial montage). The
BOLD response showed a focal deactivation with a maximunt-value in the lesion.

fMRI HRFs. To be signi cant, a response needed to have a spatial
The EPI images were motion corrected and smoothed (6 mrextent threshold of ve contiguous voxels havingta> 3.1

full width at half maximum) using the software packagecorresponding tgp < 0.05, corrected for multiple comparisons
from the Brain Imaging Center of the Montreal Neurological (Family Wise Error rateD FWE) resulting from the number
Institute (http://www.bic.mni.mcgill.ca/software/). Ba were of voxels in the brain and the use of four HRFs. The t map
then analyzed as an event-related design using fMRIstataadtw results were represented using red-yellow scale correspgndi
(Worsley et al., 2002 The EPI frames were realigned usingto positive BOLD changes (activation) and blue-white scale t
a linear 6-parameter rigid-body transformation (3 tranghas  negative BOLD changes (deactivation). BOLD response®ckelat
and 3 rotations) to correct for movement e ects. To accountto each IED type were reviewed by three experts; responses
for residual movement artifacts, the six parameters usedhfer outside the brain parenchyma were ignored.

realignment were also integrated in the analysis as confound

regressors in the general linear model. A regressor for eadbEG-fMRI Analysis

type of IED was built using the timing and duration of eachFor each patient, the analysis proceeded as follows:

event and convolved with four hemodynamic response funation

(HFRs) with peaks at 3, 5, 7, and 9Ba@gshaw et al.,, 20p4 EEG and BOLD

All these regressors were included in the same generalrline@he spike eld (the region thought to generate the spike) was
model. A statistic t map was obtained for each regressorgusirestimated at the sub-lobar level by visual inspection of the
the other regressors as confounds (a study was performed fecalp EEG. For example, spikes seen at electrodes F7-T3-T5
each type of interictal event) in the fMRI analysis (fMRIstat)corresponded to the anterior and mid aspect of left temporaglob
(Worsley et al., 2002At each voxel, the maximurtrvalue was or spikes generated at Fp1-F3-F7 corresponded to the anterior
taken from the four individual t maps created with the four aspect of left frontal lobe. Each BOLD response (positive and
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FIGURE 4 | Twenty three year old patient (case 4). (A)  Structural MRI shows a thickening of the cortical gray matteand blurring of the gray-white matter interface
in the right frontal operculum (in white)(B) The marked events were spikes with maximum amplitude at Fp28F10 (reference Fz)(C) BOLD response was
characterized by different clusters of activation. That wh max t value is in the right frontal operculum, correspondy to the lesion. (D) The marked events were burst
of spike and wave complexes bilateral and diffuse (bipolar amtage), but more evident on the right fronto temporal regio. (E) BOLD response was characterized by
different clusters of activation: those with the highest-values were in the right frontal operculum, in the right midingulate cortex and cerebellum; clusters of
deactivation were present in the areas of the DMN.

negative) for each type of IED was considered “concordant” iarea were judged independently and blindly with respect to the
the maxt-value corresponded to the localization of the spikeBOLD results by two neurologists. Then, the co-registration
eld determined by EEG. If a patient had both activation between the marking and the EEG-fMRI results was made with
and deactivation, we selected the response with the highest Anatomist (http://brainvisa.info/download.html). EachCRD
value. We considered “not concordant” a BOLD response witliesponse (positive and negative) for each type of IED was
a maxt-value outside the spike eld. We reported also theconsidered “concordant” if the maximédvalue overlapped with
BOLD responses in subcortical areas and in areas far from thbe marking. For MRI—we considered concordant also a distance
spike eld, to allow the description of the correlated epilepticup to 1 cm away from the border of the marking, because of the
network. possible post-surgical brain displacement.

To estimate the extent of the BOLD response compared to the

] o ) anatomical lesion, we computed, for the MRI positive patients,

BOLD and Lesion (MRI Positive or Resected Cortexin  the yolume of the lesion and the volume of the BOLD cluster

MRI Negative) (with t > 3.1) concordant with the lesion.
To allow the co-registration between the BOLD response and

the lesion or the resected cortex, rstly we had to mark the

lesion or the resected cortex in the anatomical T1 SeqUENgRESULTS

acquired during the EEG-fMRI session. These markings were

performed using MNI-Display software (http://www.bic.mni. Subjects

mcgill.ca/software/Display/Display.html); they were mdiea Twenty patients (10 males) with FCD and refractory focal
trained physician blind to the EEG-fMRI results, after revgsin epilepsy underwent EEG-fMRI studies. Seven were excluded
the FLAIR images acquired separately from the EEG-fMRIrom the analysis because of the lack of IED®(5) or artifacts
session. The concordance between the lesion and the markéud D 2) during scanning. Therefore, we studied 13 subjects, all
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FIGURE 5 | Two patients (cases 6, 7) whose structural MRI show  ed a FCD lesion (marked in white on the anatomical acquired duri ng EEG-fMRI after
comparison with the FLAIR sequences).  The BOLD response showed an activation with max-value concordant with the marked lesion.

with de nite FCD. Mean age at study was 30 years (range, 11-5Q)Table 2. In 9/13 (69%) patients at least one BOLD response
Mean age at seizure onset was 8.2 years (range, 1-17). Cliniwals concordant with the lesion: in 6/7 (86%) MRIpatients
details of these patients are describedéble 1 (Figures £5) and in 3/6 (50%) MRI patients Figure 6). In
In seven patients FCD was detected by MRI: in six thesight patients the response concordant with the lesion was an
MRI was characteristic for a transmantle FCD and in one (#4jactivation Figures 1, 2, 4,5) and in one a deactivatiorFgure 3,
a thickness and blurring of the cortex was associated with @able 2.
suspicious sulcus appearandge(nasconi et al., 20L.1Two In 10/16 (62%) fMRI studies, concordance was found between
MRIC patients were operated and the histopathological analysiighest BOLD response and lesion (in 9 the highiesalue was
showed the presence of FCD type lIb. In six MRpatients, FCD inside the lesion or removed cortex and in 1 it was within 1
was detected by histopathological analysis of the surgaocaple. cm from the border of the resected cortex). In six studies the
This analysis showed the presence of FCD type lIb in 3 cases, BOLD response with makvalue was not concordant with the
in 2 cases, and laiin 1 case. lesion/resection: patient 5 (MR, 2 studies) with the MRI lesion
Six patients underwent invasive EEG investigations, onkcated in the right fronto-polar region and the two analyses
MRIC and ve MRI (Table 1). The dysplastic lesion was frontal showing the highest activation in the pons and gyrus rectus
or fronto-central in 11 cases and parietal in two. bilaterally Figure 7); patient 8 (MRI , one study) had the BOLD
Eight patients were operated and type 1 was found in onenaxt-value in the left post-central cortex, but the resection was
(MRI ), type lla in two (both MRI ) and type llb in ve (2 just anterior to the motor cortexKigure 8); patient 12 (MRI ,
MRIC and 3 MRI ). 2 studies) had one study with the mawalue localized in the
Concerning post-surgical follow-up, two patients (1 MRI right fusiform gyrus Figure 9) and the other with the highest
and 1 MRI ) were in Engel 1; 5 were in Engel 3or4 (1 MRK  t-value in the right superior frontal gyrus, and in this patient

MRI ). Follow up was not available for patient 11. the right supplementary motor area was resected; and, nally, i
patient 13 (MRI , one study), the max-value was in the left
EEG-fMRI Data anterior frontal lobe but more anterior than the area resekct

Of the 13 patients with active EEG during acquisition, 10 pate (Figure 9).
had a single type of IED and three patients had two types of In ve of the seven MRC patients, the volume of the BOLD
IED, so 16 analyses were computed. In 14 analyses |IEDs welgster concordant with the lesion was larger than the lesiiself
unilateral, in one they were bilateral and in one they wetatbral  (Table 2. In six of seven patients this cluster had the highest
and di use. The number of events recorded during the fMRIt-value of the analysis (six concordant MRpatients).
session ranged from 4 to 459 (average 90, median 29). In 15 studies, concomitant cortical activation clustershaat

A BOLD response was observed for each analysis, andl@twer t-value were seen remotely from the lesion: in two the
was characterized by both activation and deactivation.lliiz activation was in the contralateral homologous area, andha t
patients at least one study was concordant with the spike el@thers they were either in the same or in di erent lobes. Nine
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FIGURE 6 | Three patients (cases 9, 10, and 11) whose structur  al MRI was negative. The removed cortex (marked in white on the anatomical acqued during
EEG-fMRI after comparison with the post-surgical MRI) showethe presence of FCD. The BOLD response showed an activatiowith a maxt-value concordant with
the removed cortex.

studies had activation clusters in subcortical structumasinthe  is concordant with a previous 3T studyffornton et al., 201)L
cerebellum, one in the pons, one in thalami, one in putamen, antthere 92% of the patients (11/12) also showed signi cant spike-
both caudate nuclei, one in hypothalamus, and cerebellum.  related hemodynamic changes. Although we cannot exclude
Deactivation cortical clusters were also observed in all 1that these results are explained by a higher sensitivity of 3T
studies, remotely from the lesion: in six cases deactimatioEEG-fMRI compared to 1.5T, as expected from higher magnet
responses were present in brain regions belonging to the Hefastrength Kruger et al., 2001; Gholipour et al., 2011; Grouiller
mode network, in the others they were in di erent lobes. Sixet al., 201} this high rate of responses could be due to the
studies had deactivation clusters in subcortical struesutwo high degree of epileptogenicity of FCPdImini et al., 1991;
in caudate nucleus, one in mesencephalon, and hippocampuSambardella et al., 19R€This intrinsic high epileptogenicity has
one in hippocampus, one in globus pallidus, and one in nucleubeen related to the malfunction of GABA-mediated inhibitio

accumbens. in the dysplastic neocortexSprea co et al., 1998; Avoli et al.,
1999; Sakakibara et al., 2012; Medici et al., pahd in peri-
DISCUSSION lesional tissue Hodozuka et al., 2006 as demonstrated by

electrophysiological and histochemical studies. MR spectms
This study describes the EEG-fMRI ndings of patients with(MRS)/BOLD studies have also shown an inverted relationship
focal epilepsy and FCD. The rst nding is that all patients between the resting state GABA concentration, and amplitide
(13/13) showing an active EEG during the acquisition had 8OLD responses\uthukumaraswamy et al., 20).Hence, the
BOLD response (activation and deactivation). This highaati high number of BOLD responses found in patients with FCD may
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FIGURE 7 | Thirty year old patient (case 5) with right fronto po  lar FCD (marked in white). The marked event was a prolonged burst of rhythmic delta wave
with equipotential at F10-T10 (bipolar montage). The BOLesponse was characterized by a cluster with masx-value on both giry recti and an activation with a lower
t-value in the area subsequently removed. We considered thiesponse as not concordant.

be related to the decreases or malfunction of GABA-mediatetesponse concordant with the lesion. Concerning patients who
inhibition described in the brain of the patients with thisgg of  kept having seizures (one MRland 4 MRI ), the BOLD was
lesion. not concordant to the resected area in 4/5 cases, although it
This study showed overall a good concordance betweemas concordant with the spike eld in all but one. This nding,
localization of the highest BOLD response and localizatithe  although on small number, strengthens the concept of negativ
lesion: this was found in 69% of the patients that had an activpredictive value, as expressed Ay et al. (2013)and Coan
EEG during acquisition. In patients with a lesion detectdije et al. (2016) The design of our study allowed us indeed to
structural MRI, concordance was excellent and found in 86%detect the presence of FCD in the areas that were surgically
but EEG-fMRI was also able to localize the lesion in 50% aemoved, but does not allow us to assess if the areas where we
patients with negative structural MRI. In such MRIcases, the observed a BOLD responses contain FCD. This can be assumed at
location of BOLD responses could be used to help the detectideast in some cases, particularly because all the BOLD respons
of occult lesions by targeted revision of MRI studies or towere concordant with the spike eld. For example in patient 8,
guide intracranial electrode implantation in patients witbchl  seizure semiology and EEG data obtained from a cortical grid
epilepsy likely explained by an invisible FCD, after integmati were highly suggestive of a post-central focus, and the EEG-
with information from the clinical context and other diagetic  fMRI study from spikes with phase reversal at C3-P3 showed the
techniquesGuerrini et al., 201p highest BOLD response in that region. However, during surger
In our series, just 8 of 13 included patients underwent swagic the pre-central gyrus appeared macroscopically abnormal and
treatment; indeed often the epileptogenic zone was located was removed, and the histopathology revealed FCD type llb.
eloquent areas. Although with very small numbers, we caifhe patient was not seizure-free after the resection, stigges
observe that the operated cases (one ®IRINd one MRI )  a more widespread lesion and a postcentral gyrus possibly also
who were seizure free at12 months of follow up, had a BOLD containing dysplastic tissue. Another example is patient 12, in
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FIGURE 8 | Twenty year old patient (case 8) with seizures char  acterized by a tingling sensation starting in the right hand digits and then propagating
to the forearm, followed by right arm stiffness and jerks and somet imes secondarily generalization.  The structural MRI did not show any lesion. The
marked events were spikes with phase reversal at C3 (bipolanontage). The BOLD showed different clusters of activatiorthat with the highestt-value is in the
postrolandic mid-sensory cortex. The intracerebral chroie electrocorticogram con rmed this nding. During surgery tie pre-central gyrus was removed (white
marking) and the histopatology revealed the presence of dysastic cells. This case was considered as not concordant.

whom intracerebral EEG revealed multifocal interictal epflc The BOLD responses with the highest t value were activations
activity arising from the right supplementary motor area (SMA)in 14 analyses, and deactivations in two. In one patient (patien
and right posterior hippocampus. The semiology and ictal EE®), the negative BOLD response was concordant with the spike
activity supported an early SMA involvement, and this regioneld and with the lesion, and in another (patient 13), althouijie

was resected showing a type la FCD. The BOLD response wiBOLD was concordant with the spike eld, it was not concordant
the highestt-value was however obtained from the posteriorwith the lesion. This is in agreement with previous EEG-fMRI
quadrant spikes, with activation in the right fusiform gyrdsis  studies in FCD patients that found deactivations in the epitept
patient is not seizure-free, and the EEG-fMRI ndings may havdocus in only a small proportion of caseSgderico et al., 2005;
again suggested a di use or multifocal cortical dysplasiavius  Thornton et al., 201}l The localizing value of the negative
studies showed that FCD may be associated with multiple afeasBOLD is still debated and its signi cance is not completely
epileptogenicity Chassoux et al., 2000; Fauser et al., p&afine  clari ed (Kobayashi et al., 200pdndeed localizing deactivation
appearing structurally normal. An EEG-fMRI study correlatinghas been associated in a few cases with an earlier activation
spike-related hemodynamic changes, intracranial EEG gdin (Rathakrishnan et al., 20);0n other cases, it can occur in the
and surgical outcomeThornton et al., 201)L supports this region of IED generation, mostly if such IEDs are accompanied
evidence. by high amplitude slow wave®fitau et al., 201)3 In our study,

Our results also suggest that the BOLD response, and henee distinguished the deactivations belonging to the DMN from
the metabolic demand, is not dependent on the histologicdDFC those with a possible localizing value in order to divide resasn
subtype. Eight patients were operated and type | was found icoming from a network inhibition from those useful to the
one (MRI ), type lla in two (also MRI ) and type lIbin ve (2 localization of the focus. A deactivation in the areas of DMabw
MRIC and 3 MRI ). present in 38% of the analyses; as demonstrated by other studies
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FIGURE 9 | Above: case 12. The marked events were spikes max at P10 O2 (the electrode T6ddl an artifact during the acquisition). The BOLD response stwed
an activation with max t value in the right fusiform gyrus. Thremoved cortex cointaining the FCD was the right supplemeary motor area (marked in white). Below:
case 13. The marked events were T3 spikes. This patient had the operations and the surgical bed is evident on the structal MRI. The cortex removed during the
last operation (marked in white) showed the presence of a FCO'he BOLD response showed a max deactivation more anteriohtin the removed cortex. These 2
cases are not concordant.
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this proportion is less consistent than the DMN deactivationappears to be in the FCD? One can speculate that occasionally
present in other type of common pathology, as mesial temporahe dysplastic focus generates a widespread discharge diche®
lobe epilepsyl(aufs and Duncan, 2007; Coan et al., 20hfost  the scalp, and that at the time of this discharge the metabolic
probably because HRF peak amplitude in deactivation clusterséstivity is even more intense in the dysplasia than during
larger in the mesial temporal lobe epilepsy group than in the FCD'background” more localized spiking, thus generating a neati
when the deactivation occurred in DMN region&Vatanabe BOLD response in the dysplasia.
etal., 2011 To conclude, our study shows a high level of concordance

In this study, we found that BOLD responses are generallpetween FCD and BOLD response. In some MRI-negative cases
much larger than the visible lesion. We observed that in onlthe BOLD response did not correspond to the resection, but
one study (patient 2) the hemodynamic response was venye provided evidence that the region of BOLD response could
focal and coinciding with the FCD; even in this case thenevertheless correspond to dysplastic and epileptogenicetissu
volume of the BOLD cluster concordant with the lesion wasThis could be useful especially for MRI negative patients, where
bigger than the visible anatomical anomaly. This discrepancthe location of BOLD responses can be used to detect occult
between the volumes of the anatomical lesion and the BOLIesions by targeted revision of MRI studies, or for guiding
cluster containing the lesion is present in almost all case#tracranial electrode implantation. However, in almost al
and it could depend on the rate of IEDs or on the statisticalFCD patients, a metabolic involvement of remote cortical or
models used for the analysis. However, the same phenomensaobcortical structures was also found, corroborating theaid
is common in another technique used to localize interictalfs, that focal IEDs recorded from scalp EEG may represent only
i.e., Positron Emission Tomography (PET). The focal intatic a fraction of broad metabolic events that involve a widespread
hypometabolism of radio-labeled uoro-deoxy-glucose-PET i epileptic network in spite of their focal appearance.
usually larger than the epileptogenic cortex, re ecting prolya
the altered function not only of the interictal focus, butsal ETHICS STATEMENT
of the areas involved by the rst ictal spreatli€lissen et al.,
2006; Pittau et al., 201paln all the other studies, remote This study was carried out in accordance with the
cortical or subcortical structures were activated sugagghat recommendations of Neurosciences Panel of the MUHC
focal IEDs recorded from scalp EEG may represent only Research Ethics Board with written informed consent from
fraction of broader metabolic events that involve widesdreaall subjects. All subjects gave written informed consent in
epileptic network (for reviewPittau et al., 2014bThese ndings accordance with the Declaration of Helsinki. The protocolwa
are in agreement with previous studies on focal epilepsy frompproved by the Neurosciences Panel of the MUHC Research
malformations of cortical developmenit¢bayashi et al., 200pb Ethics Board.
or from heterogeneous etiology-¢houm et al., 20)2 These
ndings are strengthened by other localizing technologg, a AUTHOR CONTRIBUTIONS
stereo-EEG (SEEG)arotto et al. (2012)n a series of patients
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