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ABSTRACT

Objective: We aimed to assess stereoelectroencephalography (SEEG) seizure-onset and
interictal patterns associated with MRI-negative epilepsy and investigate their possible
links with histology, extent of the epileptogenic zone (EZ) and surgical outcome.
Methods: We retrospectively analysed a cohort of 59 consecutive MRI-negative surgical
candidates, who underwent SEEG recordings followed by cortectomy between 2000 and
2016.

Results: Most of the eight distinct seizure-onset patterns could be encountered both in
confirmed focal cortical dysplasia (FCD) and in histologically non-specific or normal
cases. We found strong correlation (p=0.008) between seizure-onset pattern and
histology for: (1) slow-wave/DC-shift prior to low voltage fast activity (LVFA),
associated with normal/non-specific histology, and (2) bursts of polyspikes prior to
LVFA, exclusively observed in FCD.

Three interictal patterns were identified: periodic slow-wave/gamma burst, sub-
continuous rhythmic spiking and irregular spikes. Both “periodic” patterns were more
frequent in but not specific to FCD.

Surgical outcome depended on the EZ complete removal, regardless electrophysiological
features.

Conclusions

Histologically normal and FCD-associated epileptogenic zones share distinct interictal
and ictal electrophysiological phenotypes, with common patterns between FCD subtypes
and between dysplastic and apparently normal brain.

Significance: Some specific seizure-onset patterns seem to be predictive of the

underlying histology and may help to detect an MRI-invisible FCD.



HIGHLIGHTS

Epileptogenic Zones with normal histology & FCD share common
electrophysiological phenotypes

Seizure-onset patterns are better predictors of the histological substrate than
interictal patterns

Burst of polyspikes and DC-shift prior to LVFA are respectively predictive of FCD

& normal histology



1. Introduction

Focal pharmacoresistant epilepsy with normal or non-contributory magnetic resonance
imaging (MRI) constitutes one of the main indications for presurgical evaluation with
stereoelectroencephalography (SEEG)[1, 2]. The concept of MRI-negative focal epilepsy
continues to evolve with advances in neuroimaging that allow better detection of subtle
lesions [3, 4], as well as with the employment of novel approaches of EEG signal analysis
for identifying the anatomic distribution of the epileptogenic process. Resective surgery
is an increasingly successful treatment option, with 44 to 79% of drug-resistant MRI-
negative patients becoming seizure-free [5-9], especially using SEEG evaluation and
tailored resection[10]. In varying proportions of these resections, a well characterized
and systematically suspected developmental pathology such as focal cortical dysplasia
(FCD) type II, more subtle FCD type I, or a less specific abnormality such as mild
malformation of cortical development (mMCD) may ultimately be confirmed on
neuropathological examination [11-14]. However, no specific microscopic lesion is
identified in around 8% of MRI-negative cases, with considerable variations (2 to 26%)
between reported series [11, 15, 16].

Although the presence of a distinct epileptogenic lesion on histopathology has been
strongly associated with a more favourable postsurgical outcome [5, 17-20], the
extension of the epileptogenic zone (EZ), as well as completeness of the EZ resection
represent independent predictive variables influencing long-term seizure outcome, both
in lesion-associated and in non-lesional cases [8, 13, 21, 22]. Optimal definition of the EZ
requires SEEG recordings in the majority of MRI-negative cases. One advantage of the
SEEG method in this scenario is the ability to detect small bottom-of-sulcus dysplasia
type II[23]. Indeed it has been suggested that there are characteristic SEEG

electrophysiological signatures that suggest a high likelihood of this underlying



aetiology [24, 25]. On the other hand, the intrinsic epileptogenicity per se of a detected
lesion does not necessarily indicate a focal, “lesional” organization of the epileptogenic
zone [26], the definition of which remains primarily based on anatomo-electro-clinical
correlations.

Several studies have suggested the relevance of intracranial seizure-onset patterns
(SOP) to guide successful surgical resections and estimate potential surgical outcome
[27-30]. In addition to the above-mentioned interictal and ictal electrophysiological
signatures of FCD type II [24, 25], the Marseille group recently identified six distinct
SEEG seizure-onset patterns in FCD-associated focal seizures, which varied according to
histologic subtypes [31]. However, the predictive value of observing such patterns in a
mixed group of patients with MRI-negative epilepsy has not yet been established.

We aimed to assess SEEG electrophysiological patterns associated with MRI-negative
epilepsy and to investigate possible links with histological substrate, the extension of

the EZ, and surgical outcome.

2. Methods

2.1.Patient selection
Among all patients (children and adults) who underwent stereotactic intracerebral EEG
(SEEG) recordings followed by cortectomy in our departments (Marseille and
Strasbourg epilepsy centres) from 2000 to 2016, we retrospectively analysed all
consecutive patients with preoperative normal or non-contributory brain MRI, and
available histology, and at least 12 months of follow-up after epilepsy surgery. All
patients had detailed evaluation including medical history, neurologic examination,
fluorodeoxyglucose positron emission tomography (FDG-PET) and pre-surgical epilepsy

protocol MRI. MRI examinations were performed using 1.5T scanners prior to 2006 (18



patients) and 3T scanners from 2006 onwards (41 patients). The imaging protocol
included at least: 3D T1-weighted gradient-recalled-echo with gadolinium, 3D T1-
weighted inversion-recovery axial and coronal fluid-attenuated inversion recovery
(FLAIR), axial T2 and axial T2 gradient-echo. For 3D T1, voxel size was 1 mm. For T2 and
FLAIR, slice thickness was 3 mm. MRI was interpreted by experienced neuroradiologists
as well as been reviewed by the epilepsy surgery team, taking into account the electro-
clinical and FDG-PET data. In this study, all patients required SEEG exploration after
non-invasive investigations, as a part of routine clinical management. SEEG was
indicated to localize the epileptogenic zone and to precisely determine its relations with
eloquent areas. The placement of electrodes was selected individually for each patient,
based on non-invasive investigations (semiology, interictal and ictal scalp-EEG, interictal
PET hypometabolism) providing hypotheses about the localization of the EZ.
Postoperative seizure outcome was assessed at the latest available follow-up according
to the Engel classification [32].

The institutional review board of the French Institute of Health (IRB15226) approved
this study.

2.2.SEEG recordings

Recordings were performed using intracerebral multiple contact electrodes (10-15
contacts with length 2 mm, diameter 0.8 mm, and 1.5 mm apart). Signals were recorded
on a 128 or 256-channel Natus system and sampled at 256, 512, or 1,024 Hz, depending
on the period of recording, and recorded on a hard disk (16 bits/ sample) using no
digital filter. Two hardware filters were present in the acquisition procedure: a high-
pass filter (cut-off frequency equal to 0.16 Hz at -3 dB), and an anti-aliasing low-pass
filter (cut-off frequency equal to 97 Hz at 256 Hz, 170 Hz at 512 Hz, or 340 Hz at 1,024

Hz).



2.3. Signal analysis

Seizure onset was analysed both in terms of seizure-onset pattern (SOP) and its
dynamics, and in terms of spatial extension[33]. Seizure onset was defined as the first
change of SEEG signal within the context of a sustained rhythmic discharge and
subsequent appearance of clinical signs. Seizures in which clinical manifestations
preceded electrographic onset were excluded from the analysis.

The anatomic definition of the epileptogenic zone (EZ), defined as the brain regions
primarily involved in seizure genesis, was performed by visual and quantitative signal
analysis according to the French guidelines on stereoelectroencephalography[2]. The
quantitative analysis was performed using the epileptogenicity index (EI) [34]. The EI
combines analyses of both spectral and temporal features of SEEG signals, respectively,
related to the propensity of a brain area to generate fast discharges and to the earliness
of involvement of this area in the seizure. EI values were computed and averaged for all
recorded seizures. The EZ was defined as the structure(s) with an EI value superior or
equal to 0.4 [26], or by visual analysis (17 of 59 patients) in cases with seizures starting
by patterns of lower frequencies (alpha and theta range) .

We analysed the seizure-onset patterns as well as the interictal patterns (IIP) exhibited
by structures within the EZ. We used the same methodology as in our previous report to
define the seizure-onset patterns [31]. Briefly, the SOP and IIP were assessed by three
examiners (SL, ]S or IP), blind to patients’ clinical data. The electrographic patterns were
described using visual analysis without software filters, and spectral analysis using
AnyWave software [35]. The discrepancies were solved through consensus after

discussion with a senior epileptologist (FB).



Interictal activity (background, spikes, spike and wave complexes, slow activities, fast
activities) was assessed on the electrodes that belonged to the EZ during a 10 min
period of resting state in waking and during 10 min of NREM sleep. Sleep recordings
were chosen because interictal epileptic activity and in particular, pseudoperiodic
patterns pathognomonic of FCD type Il are known to be activated in NREM sleep [24, 36,
37]. Interictal SEEG samples were selected at least 24 h after the SEEG implantation and
with 24 h of distance from a seizure.
The extension of the EZ was evaluated as the number of distinct anatomo-functional
brain regions (further referred to as “sub-lobes”) involved, i.e. including at least one
structure with high epileptogenicity index (=0.4) or defined as such by visual analysis
for the cases with lower frequency patterns of seizure onset. We distinguished the
following sub-lobes, based on the available depth electrode sampling: mesial temporal,
lateral temporal, insula, orbito-frontal, mesial prefrontal, lateral prefrontal, premotor,
central (pre- and post-central), opercular (frontal and rolandic), mesial parietal, lateral
parietal, mesial occipital, lateral occipital.
The topographic organization of the EZ was defined as temporal, temporal plus (EI
maximum within temporal lobe but also area with EI > 0.4 outside temporal lobe such as
insula, frontal or occipital lobe), operculo-insular (opercular, insular or operculo-
insular), frontal , frontal plus (EI maximum within frontal lobe but also area with EI > 0.4
outside frontal lobe such as temporal, insula or parietal), parietal, occipital.

2.4. Pathological examination
Analysis of resected specimens was performed en bloc by an expert neuropathologist
from each contributing centre (BL, BLh or DFB) according to the international
recommendation of the ILAE consensus Task Force [38] . Histopathological diagnosis

was established according to the ILAE classification [39]. Three groups of patients were



established for further analysis: patients with FCD type I, patients with FCD type II, and
patients with “normal” histology. The latter group comprised the cases with no
abnormalities or nonspecific reactive gliosis, or with the presence of isolated
heterotopic neurons in deep subcortical white matter location, defined as mild
malformation of cortical development type II [39, 40], since the pathologic value of this
aspect, frequently encountered in non-epileptic patients’ specimens, has not been
clearly established [41].

The correspondence between the anatomical targets of the recording contacts within
the SEEG-defined EZ and the histologically identified resected structures was checked
using 3D CT/MRI data fusion of post-operative MRI and post-implantation cranial CT
with electrodes.

2.5. Statistical Analysis

For statistical analysis, we defined one SOP per patient since the majority of patients
exhibited the same ictal pattern across recorded seizures. For patients with more than
one distinct SOP (only two cases), we used the most prevalent pattern as the
representative SOP. Two rare SOP (delta-brush, and sharp beta) that were found only in
one patient each, were excluded from statistical analysis. Because of low patient
numbers in certain categories and non-normal distribution of data, we used non-
parametric statistical tests: Fisher’s exact test for nominal variables and Kruskal-Wallis
test for numerical data. We applied Bonferroni correction for multiple comparisons. A p-
value <0.05 was considered as significant. Statistical tests were performed with the

software Statistical Package for the Social Sciences (SPSS) for Mac, version 22.

3. RESULTS



3.1.Patients’ features
Fifty-nine patients (34 women and 25 men) were included. Mean age at epilepsy onset
was 12.6 = 8.1, mean age at SEEG was 30.4 * 12, and mean epilepsy duration was 17.8
10 years. We found a family history of epilepsy in 20 patients (33.9%). The
epileptogenic zone comprised a mean of 1.7 sub-lobes (range: 1-4). Histopathological
examination revealed FCD type I in eight (13.6%), FCD type II in ten (16.9%) including
presence of balloon cells in six (10,2%), mMCD type II in four (6.8%), and no
abnormality or nonspecific reactive gliosis in 37 patients (62.7%). The clinical data with
respect to histological phenotypes are detailed in Table 1.
3.2.Seizure onset patterns

We identified eight distinct seizure-onset patterns (Fig.1l, for definition, see
supplementary data): slow-wave/DC shift prior to low voltage fast activity (LVFA) in 18
patients (30.5%), LVFA in 11 (18.6%), theta/alpha sharp in ten (16.9%), pre-ictal
spiking prior to LVFA in nine (15.3%), rhythmic slow spikes in six (10.2%), burst of
poly-spikes prior to LVFA in three (5.1%), delta-brush and beta sharp in two patients
(1.7%). The latter two patterns, each represented by a single case, were excluded from
further analysis as previously indicated. SOPs including LVFA were the most prevalent
in the FCD type II (80%) and histologically normal groups (76%), whereas they were
encountered in only 50% of patients with FCD type I. Regarding the association between
SOP and histological type, we found more bursts of polyspikes prior to LVFA in patients
with FCD II, more rhythmic slow spikes in patients with FCD I and a significantly higher
proportion of slow-wave/DC shift in patients with histologically normal EZ compared to
the FCD groups (p=0,008, with Bonferroni; Fig. 3A). Two particular SOP proved to be
highly indicative of the histological type: (1) bursts of polyspikes prior to LVFA were

only found in patients with FCD (Positive Predictive Value [PPV] = 100%; Negative
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Predictive Value [NPV]= 72.2%; Sensitivity = 16.7% and Specificity = 100 %), and (2)
slow-wave/DC shift prior to LVFA was mostly found in normal histology and not found
in FCD I (PPV =88.9%; NPV=41%, Sensitivity = 41%, Specificity = 88.9%).

No significant association was demonstrated between SOP and other clinical variables
(gender, family history of epilepsy, age at SEEG, epilepsy duration, presence of balloon
cells, topographic organization of the EZ and the extension of the EZ).

3.3.Interictal patterns

We identified three distinct interictal patterns (Fig. 2):

(1) Slow-wave/gamma burst characterized by periodic bursts of low-voltage
gamma-oscillations (40-55Hz), superimposed on a slow wave or spike-slow wave
complex (0.5-1Hz), interspaced with poor background activity;

(2) Sub-continuous rhythmic spiking characterized by periodic or pseudoperiodic
rhythmic spikes or polyspikes, activated during NREM sleep, with poor or absent
background activity;

(3) Irregular spikes, characterized by irregular spike, spike-wave or polyspike-wave
activity, which could be activated during NREM sleep, with preserved
background activity or background slowing.

We found irregular spikes in 35 patients (59.3%), slow-wave with gamma burst in 13
(22%) and sub-continuous rhythmic spiking in 11 patients (18.6%). There was higher
prevalence of irregular spikes in the histologically normal EZ but with limited predictive
performances (PPV = 77.1%; NPV= 41.7%, Sensitivity = 65.8%, Specificity = 55.6%).
Both “periodic” IIP, slow-wave/gamma-burst and sub-continuous rhythmic spiking,
were more prevalent in dysplastic EZ with good specificity but low sensitivity (slow-
wave/gamma-burst: PPV = 30.7%; NPV = 69.6%, Sensitivity = 22.2%, Specificity = 78%;

sub-continuous rhythmic spiking: PPV = 54.5%; NPV = 75%, Sensitivity = 33.3%,
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Specificity = 87.8%). Interestingly, slow-wave/gamma-burst was not observed in FCD |,
whereas sub-continuous rhythmic spiking occurred in both FCD I and FCD II groups as
well as in patients with histologically normal EZ (Fig.3B).
However, there was no statistically significant association between IIP and histology
(p=0.1). IIP were significantly associated with epilepsy duration (p=0.02) that was
longer in patients with sub-continuous rhythmic spiking (supplementary figure). No
significant association was demonstrated between IIP and others clinical variables
(gender, family history of epilepsy, age at SEEG, presence of balloon cells, topographic
organization of the EZ and the extension of the EZ).

3.4. Association between interictal and seizure onset patterns
There was no statistically significant association between the seizure-onset and
interictal patterns (p=0.26).

3.5. Association with post-surgical prognosis
The mean follow-up after surgery was 5.4 +3.4 years. Thirty-five patients (59.3%) were
seizure free at last follow-up (Engel class I); eight patients were “almost seizure free”
(13.6%, Engel II), worthwhile improvement was achieved in seven (11.9%, Engel III)
and no improvement occurred in nine cases (15.3%, Engel IV). No significant association
was found between seizure-onset or interictal patterns and post-surgical seizure
prognosis (p=0.7 and p=0.18 respectively, Fig. 4A & 4B). However, favourable surgical
outcome was positively associated with the complete removal of the EZ and negatively
associated with presence of family history of epilepsy (p<0.001 and p=0.02 respectively,
Fig. 4C & 4D). There was also a significant association between post-surgical prognosis
and the EZ topography (p= 0.025) with poorer prognosis for temporal plus epilepsies.
No significant association was demonstrated between prognosis and other clinical

variables (including presence or not of a FCD, histological subtype, gender, epilepsy
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duration, age at SEEG or EZ extension).

4. Discussion

In this two-centre study, we compared the SEEG-derived electrophysiological
phenotypes of epileptogenic zones associated with confirmed cortical dysplasia with
those associated with cortex that was histologically normal or showed non-specific
changes, in a longitudinal surgical cohort of patients with MRI-negative focal epilepsy.
We particularly evaluated whether some seizure-onset or interictal patterns were
predictive of underlying histological substrate, extension of the epileptogenic zone, or
postsurgical seizure outcome.
4.1.Seizure-onset patterns: key findings

We confirmed that essentially six distinct SEEG-based seizure-onset patterns, described
in our previous study [31], are likely to be encountered in MRI-negative FCD type II and
type L. Furthermore, we have shown for the first time that most of these patterns can
also be found in EZ associated with cortex showing no or non-specific histopathological
changes. Two additional SOP (sharp beta and delta-brush) were observed in patients
with normal histology, which were however extremely rare in the present series, in line
with the existing literature [30, 42].

Patterns including low voltage fast oscillations at seizure onset were clearly
overrepresented (>70%) in FCD II and in histologically normal EZ, whereas SOP with
slower rhythmic activity were more often observed in FCD I where they represented as
much as half of cases. The latter findings support the hypothesis that such “slow”
patterns may correspond to a particular mode of seizure initiation in these
developmental malformations [31].

One of the key findings of our study is the strong association between the SEEG pattern

13



and the underlying histological substrate, demonstrated for two distinct SOP. The first,
bursts of polyspikes prior to LVFA, was exclusively observed in patients with FCD.
Despite limitations due to the lower FCD prevalence in the present MRI-negative series,
and in agreement with the previous study on FCD [31], our data suggest that this SOP
might be highly predictive of underlying FCD but not of FCD type. This finding is of
particular importance. Since intracranial SOP have been shown to correlate well with
scalp SOP in cases of superficial FCD [43], the observation of similar pattern on scalp
EEG might then be highly suggestive of superficial FCD.

The second, slow-wave/DC-shift pattern albeit the most prevalent in the whole cohort,
was highly indicative of histologically normal EZ. However, its specificity might be

overestimated, when considering the above-mentioned limitation.

4.2.Interictal patterns: key findings
The electrophysiological expression of MRI-negative EZ during the interictal state was
generally characterized either by irregular spikes or by one of two distinct periodic
patterns (slow-wave/gamma burst or sub-continuous rhythmic spiking). Although both
periodic IIP were more prevalent in dysplastic EZ, they were not predictive of any
particular histological substrate. Noticeably, sub-continuous rhythmic spiking,
classically described as pathognomonic of FCD type II, in particular in the presence of
balloon cells (FCD IIb) [24, 25], was observed equally often in both FCD types and was
also found in 12% of cases with histologically normal EZ in our series. Finally, this
periodic interictal pattern was associated with longer duration of epilepsy in the present

study.

4.3.Significance and pathophysiological considerations
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Taken together, our findings highlight two points in epileptic patients with normal MRI:
1) some SOP and IIP are suggestive of dysplastic EZ with good specificity but poor
sensitivity; 2) SOP seem to be better predictors of the histological substrate than IIP.

The association between SOP and histological substrate is probably related to different
pathophysiological mechanisms reflecting the fact that FCD subtypes have specific and
distinct alterations of neuronal populations, e.g. interneurons [44]. There is growing
evidence from human and experimental studies that GABAergic interneurons play a
pivotal role both in interictal [45] and ictal pattern genesis [46, 47]. The observed
diversity of electrographic patterns might mirror different functional or morpho-
functional alterations of GABAregic circuits, undetectable in a routine diagnostic setting
[48]. However, not only cellular (glial, neuronal), but also molecular or genetic
alterations [49] might influence the electrophysiological phenotype during the interictal
and ictal state in true lesion-negative focal epilepsy.

Finally, both in lesion-associated and non-lesional cases, changes in functional
connectivity within the epileptogenic zone network are discussed as possible
mechanism underlying the transition from interictal to ictal period [50]. The question
whether such connectivity alterations, either locally driven by an intrinsically
epileptogenic lesion, or immediately involving more distributed, cortico-cortical or
cortico-subcortical circuits, might determine distinct electrophysiological phenotypes,

remains to be elucidated in future studies.

4.4. Association with postsurgical seizure prognosis
Regarding prognosis, we did not confirm the results of previous studies [28, 29, 42]
suggesting that SOP including LVFA might be predictive of more favourable postsurgical

outcome. Our data rather indicate that ictal patterns with lower frequency activities at
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seizure onset are not necessarily associated with poorer prognosis. In the present study
of the MRI-negative patient cohort, no significant association was found between
individual electrophysiological patterns and postsurgical outcome (59.3% seizure-free)
or extension of the EZ These findings underline the fact that, although some
electrophysiological patterns are evocative of specific histological lesions, this does not
guarantee focal, “lesional” organization of the EZ. Finally, our study confirms that
complete removal of the EZ is, by far, the most important prognostic factor [31].
However, potential benefit of resective surgery might be reduced if family history is
positive for epilepsy.

The presence of family history of epilepsy in about one third of our patients, including
those with FCD, corroborates the hypothesis of genetic aetiology as possible common
background in some cases with MRI-negative focal epilepsy [51]. This could explain the
observed common electrophysiological phenotypes between the FCD I and II, and
between the dysplastic and histologically normal EZ. In this respect, it might be
pertinent to search for direct correlations between genotype and electrophysiological
phenotype by performing gene panels or exome sequencing on resected tissue.
Demonstrating somatic mutations e.g. mTOR might, in the future, influence treatment

strategies by offering personalized therapeutic approaches to these patients [52].

4.5. Study limitations
Our study has some limitations, including the relative under-representation of FCD
cases. The detection of lesions in the resected material might be influenced by
difficulties of per operative specimen sampling as well as by an incomplete resection of
the presumably epileptogenic cortex due to the overlap with functional areas, so that

some false-negative cases of small FCD II, isolated or associated with FCD I, cannot be
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excluded. Further on, we acknowledge that some recently described entities such as
mMCD, isolated or possibly associated with oligodendroglial hyperplasia, might be
potentially over- or underdiagnosed, due to a lack of universally agreed pathological
criteria [17, 46]. Notwithstanding, as already mentioned above, the pathologic value of
these conditions with regard to the focal epilepsies has not yet been clearly established.
Finally, although the prevalence of histologically normal cases in our two-centre cohort
was high enough (63%) to control the latter limitation, our results could still be biased
by retrospective design of the present study. Thus, the electrophysiological prognostic
criteria in surgically remediable epilepsy with or without structural lesion require

further evaluation in a prospective, multi-centre cohort.

5. Conclusions

Histologically normal and FCD-associated epileptogenic zones share distinct interictal
and ictal electrophysiological phenotypes, with common patterns between FCD types I
and II and between dysplastic and apparently normal brain. Some particular seizure
onset patterns (slow-wave/DC-shift, burst of polyspikes prior to LVFA) seem to be
highly predictive of the underlying histological substrate and may help to detect an MRI-
invisible FCD. However, in the present study, no significant association was found
between seizure-onset or interictal patterns and postsurgical outcome, which most
strongly depended on the complete resection of the EZ and was negatively associated

with family history of epilepsy.
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LEGENDS OF FIGURES AND TABLES

Fig.1 The seizure-onset patterns according to the time frequency
representation from SEEG trace. A: Low-voltage fast activity (LVFA); B: Preictal
spiking followed by LVFA, C: Burst of polyspikes followed by LVFA; D: Slow wave or
baseline shift followed by LVFA; E Rhythmic slow spikes; F: Theta/alpha sharp
activity; G: beta sharp activity; H: delta-brush. The red asterisks mark the seizure

onset.

Fig. 2. The three interictal patterns according to the time-frequency
representation from SEEG trace. A: Slow-wave/gamma burst; B: Sub-continuous

rhythmic spiking; C: Irregular spikes.

Fig. 3 (A) Prevalence of seizure onset patterns according to each

22



histopathological phenotype; (B) Prevalence of interictal patterns according to
each histopathological phenotype.

FCD= focal cortical dysplasia; LVFA=low voltage fast activity.

Fig. 4 Association between (A) the seizure-onset patterns, (B) the interictal
patterns, (C) the family history of epilepsy, (D) completeness of the EZ resection
and the postsurgical seizure outcome.

LVFA= low voltage fast activity; EZ= epileptogenic zone

Table 1: Detailed Clinical Data
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