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Abstract Background Focal cortical dysplasias (FCD) are a frequent cause of drug-resistant
epilepsy in children but are often undetected on structural magnetic resonance
imaging (MRI). We aimed to measure and validate the variation of resting state
functional MRI (rs-fMRI) blood oxygenation level dependent (BOLD) metrics in
surgically proven FCDs in children, to assess the potential yield for detecting and
understanding these lesions.
Methods We prospectively included pediatric patients with surgically proven FCD
with inconclusive structural MRI and healthy controls, who underwent a ten-minute rs-
fMRI acquired at 3T. Rs-fMRI data was pre-processed and maps of values of regional
homogeneity (ReHo), degree centrality (DC), amplitude of low frequency fluctuations
(ALFF) and fractional ALFF (fALFF) were calculated. The variations of BOLD metrics
within the to-be-resected areas were analyzed visually, and quantitatively using
lateralization indices. BOLD metrics variations were also analyzed in fluorodeoxyglu-
cose-positron emission tomography (FDG-PET) hypometabolic areas.
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Introduction

Focal cortical dysplasias (FCDs) are defined by a disorgani-
zation of cortical lamination.1 They are the main cause of
lesional focal childhood epilepsy, which is most commonly
drug-resistant.1,2 FCDs may be seen on structural magnetic
resonance imaging (MRI) as abnormal sulcus, cortical thick-
ening, blurring of the gray matter–white matter junction,
signal abnormality between the germinal matrix and the
(abnormal) cortex.1However, they are invisible onMRI in 13
to 25% of surgically proven cases,3,4more frequently in type I
than in type II.3 These numbers are thought to be higher
when FCDs, that are not resected, are added.

The exploration of MRI-negative FCDs is a major clinical
topic, which can drastically change the management of the
epilepsy in these children.1,5 Indeed, the absence of an
abnormality on MRI is associated with worse surgical out-
come.6 Several techniques are already available, from
electrophysiological exploration (scalp electroencephalog-
raphy and intracranial electroencephalography) to function-
al imaging such as positron emission tomography (PET). PET,
most frequently using fluorodeoxyglucose (FDG), usually
shows a hypometabolism of the FCD area during interictal
period.7 This noninvasive functional imaging technique
greatly improved diagnostic workup, but no technique pro-
vides a perfect detection rate, and the detection of FCDs still
relies on a multimodal approach. In this context, new func-
tional techniques that could reflect physiological abnormal-
ities would be of interest to improve our ability to detect and
understand FCDs.

Boerwinkle et al reported that independent component
analysis of resting-state functional MRI (fMRI) networks
allows a good detection of seizure onset zones, even in
MRI-negative patients.8,9 Resting-state fMRI also allows
computation of metrics reflecting several characteristics of
spontaneous blood oxygenation level dependent (BOLD)
signal fluctuations locally, thus voxel-wise in relation to
surrounding voxels. Among these, four physiological metrics
are of interest: (i) regional homogeneity (ReHo),10 (ii) ampli-
tude of low-frequency fluctuations (ALFF) and (iii) fractional
ALFF (fALFF),11 and (iv) degree centrality (DC).12 Gupta et al
reported previously higher ReHo and lower fALFF in adult
patients with FCD, but this was based on morphologically
visible FCDs,13 whereas Chen et al reported that ReHo was

helpful to detect several types of malformations of cortical
development.14

Our goal was to prospectively analyze whether MRI-
negative (or inconclusive MRI) surgically proven FCDs in
children display quantitative asymmetries of the resting-
state images, which could help to detect and characterize
these epileptogenic lesions.

Materials and Methods

This work has been carried out in accordance with The Code
of Ethics of the World Medical Association (Declaration of
Helsinki) for experiments involving humans. This study was
approved by the local ethical committee (CPP Est 1, 2017-32-
2016-A0207546) and all subjects (according to their age) and
their parents gave their written informed consent prior to
participation.

Patients
From January 2016 to February 2019, we prospectively
included patients according to the following criteria: (1)
age under 18 years old; (2) drug-resistant focal epilepsy,
likely related to an FCD; (3) no or inconclusive abnormality
seen on a first MRI; (4) surgical project to cure the epilepsy
(based on the multidisciplinary evaluation by our children
epilepsy-dedicated center). After this first step, they had
fMRI and PET (see below), and if the FCD was not clearly
delineated using PET and electroclinical data, they had
intracranial stereo-electroencephalography to delineate
the seizure onset zone. Then, if the surgical resection was
deemed feasible and accepted by the parents, they were
included in the analysis if FCD was confirmed on histopath-
ological sample. Patients were excluded if the surgical speci-
men displayed no FCD or if the fMRI images were impossible
to analyze due to headmovement artifacts even after motion
correction (incidental movements stronger than 6mm).

For comparison, we also included healthy pediatric con-
trols, who attended mainstream education and were
screened for neuropsychological and motor problems, pre-
senting no cognitive or motor impairments.

Imaging
As a part of their presurgical workup, patients underwent a
structural MRI examination on a 3T MR scanner, including

Results We included 7 patients (range: 3–15 years) and 6 aged-matched controls
(range: 6–17 years). ReHo lateralization indices were positive in the to-be-resected
areas in 4/7 patients, and in 6/7 patients in the additional PET hypometabolic areas.
These indices were significantly higher compared to controls in 3/7 and 4/7 patients,
respectively. Visual analysis revealed a good spatial correlation between high ReHo
areas and MRI structural abnormalities (when present) or PET hypometabolic areas. No
consistent variation was seen using DC, ALFF, or fALFF.
Conclusion Resting-state fMRI metrics, noticeably increase in ReHo, may have
potential to help detect MRI-negative FCDs in combination with other morphological
and functional techniques, used in clinical practice and epilepsy-surgery screening.
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three-dimensional (3D) T1-weighted (T1w) images, 3D fluid
attenuated inversion recovery, transverse and coronal T2-
weighted images, and susceptibility weighted imaging. Ad-
ditionally, they underwent a resting-state fMRI BOLD se-
quence with following parameters: single shot echo planar
imaging sequence; TE/TR 31/2500ms; 2�2mm2 pixel size,
3-mm thick adjacent transverse slices covering the entire
cerebrum and cerebellum (45 slices); 240 dynamics; and
acquisition time 10min. Simultaneous electroencephalo-
gram (EEG) was recorded during the MRI, allowing to check
if patients were sleeping or not.

Separately from the MRI, 3D PET-CT images were
obtained using ECAT EXACT HR. Images were acquired for
15 to 20minutes starting 30minutes after intravenous injec-
tion of 3.7 mBq/kg of 18F-FDG. Attenuation-corrected data
were reconstructed into 89 transversal slices, with a result-
ing resolution of 5mm full width at half maximum. For one
patient, PET images were obtained using SIGNA PET/MR.
Images were acquired for 30minutes starting 30minutes
after intravenous injection of 3.7 mBq/kg of 18F-FDG. Atten-
uation-corrected data were reconstructed into 89 transver-
sal slices, with a resulting resolution of 2.78mm full width at
half maximum.

Controls had the same imaging protocol, without the PET-
CT images.

Functional MR Image Processing
The processing was performed using automated software
(DPARSF (http://rfmri.org/DPARSF)15, which is based on
statistical parametric mapping (SPM12, http://www.fil.ion.
ucl.ac.uk/spm) and the toolboxes Resting-State Functional
MR imaging Toolkit (REST; http://www.restfmri.net)16 and
Data Processing & Analysis for (Resting-State) Brain Imaging
(DPABI, http://rfmri.org/DPABI)17).

After removal of the images pertaining to the first 10 sec-
onds to account for magnetic stabilization, the functional
imageswere slice-time andmotion corrected and affinely co-
registered to the anatomical 3D T1-weighted images. Any
signal drifts were corrected by removing the very low
frequency components (<0.01Hz). To correct for physiologi-
cal fluctuations, averaged time series from the cerebrospinal
fluid and white matter were included as covariates in the
linear regression analysis.

Kendall’s coefficient of concordance was calculated to
determine ReHo of the time-series of a given voxel with its
26 surrounding voxels.10 To obtain the ALFF, the time series
were converted to the frequency domain by means of fast
Fourier transform to obtain the power spectrum. Then, the
power spectrum was square-rooted and averaged over the
0.01 to 0.1Hz frequency range for each voxel.11 Fractional
ALFF was defined as the ratio of total amplitude within the
low-frequency range (0.01–0.1Hz) to the total amplitude of
the entire detectable frequency range.15 To calculate DC, a
correlation matrix was firstly obtained by computing Pear-
son correlation (r) coefficients between the time series of one
voxel with all other voxel time series12 within a predefined
gray mater mask with gray matter probabilities greater than
20%. An undirected adjacency matrix was then obtained by

thresholding each correlation at r>0.25 to remove the weak
correlations strongly influenced by noise. Then, theweighted
DC was computed as the sum of the weight of the significant
connections between a given voxel and all other voxels.18

Image Analysis
Structural images were reviewed in consensus by two pedi-
atric neuroradiologists (_blinded for review_, 25 years of
experience in pediatric epilepsy imaging and _blinded for
review_, 8 years of experience), to look for previously unseen
abnormalities, in particular in the to-be-resected area.

The surgically resected area including histopathologically
confirmed FCD was used as a gold standard to delineate
lesional area (even if the FCD may be larger or smaller than
the resected area). Preoperative and postoperative MRI, as
well as PET images, were spatially coregistered to delineate
manually 3D regions of interest (ROI) corresponding to the
resected areas. Resected/remaining sulci were visually
checked to correct for possible brain shift after surgery.
Contralateral ROIs were manually delineated to include the
corresponding sulci. These ROImaskswere then registered to
the gray matter segmentation map (obtained using Free-
Surfer software Version 5.3.0; http://surfer.nmr.mgh.har-
vard.edu) and to the functional maps in order to extract
the values of each of the BOLD measures (and PET standard-
ized uptake value [SUV]) in only the gray matter part of the
ROI. Gray matter was used because it provides the highest
BOLD contrast to noise ratio.19

To allow comparison with controls, the same ROIs were
manually duplicated on every control (i.e., for each control as
many ROIs as the number of included patients).

As a secondary analysis, PET imageswere also analyzed by
an experienced reader (_blinded for review_) to draw ROIs of
the lowest metabolism (suspected FCD) in the same lobe as
the proven FCD.

Visual analysis of BOLD metrics or PET maps was done by
overlaying spatially registered maps on 3D T1w images with
delineation of the surgical ROI. The correspondence of ana-
tomical boundaries of surgical ROIs and areas of focal BOLD
metric or PET abnormality was defined as: (1) full colocal-
ization, when the areasmatched fully; (2) larger surgical ROI,
when focal BOLD/PET abnormality was found within a larger
surgical ROI; (3) larger BOLD/PET abnormality, when the
focal abnormality overlapped the surgical ROI and the sur-
rounding brain; (4) inconclusive, when no clear focal
BOLD/PET asymmetry was found within at least one part
of the surgical ROI.

Histopathological Validation
After classical hematoxylin and eosin staining, FCDs were
histopathologically confirmed by a neuropathologist with
expertise in epilepsy pathology (_blinded for review_,
20 years of experience), and classified according to Interna-
tional League Against Epilepsy classification.20

Statistical Analysis
Statistical analyses were performed by using ad hoc routines
implemented in R 3.3.3 software.21
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For each individual patient, we compared the BOLD
metrics (ReHo, ALFF, fALFF, and DC) and PET-SUV values
before resection of the ipsilateral with contralateral ROIs
using absolute values and lateralization index ([Ipsilateral-
Contralateral]/([IpsilateralþContralateral])).22 Lateraliza-
tion index is scaled between 0 and 1, where 0 reflects a
symmetrical metric and the closer to 1 the more asymmet-
rical the metric. We assessed the significance of the laterali-
zation index of all the patients using one-sample Wilcoxon
test, using a reference value of 0. Potential correlations of
lateralization indices of SUV and BOLD metrics over the
patients were evaluated using Spearman’s correlation.

To compare BOLD metrics lateralization of patients and
controls in the same ROIs, we used Z-scores of lateralization
indexes of the patients, relative to the mean and standard
deviation of lateralization indexes from control group in the
same ROIs. A Z-score higher than 1.96 or lower than �1.96
was considered as significant.

Results

Included Patients
Eighteen consecutive patients were evaluated for inclusion
and had fMRI. After multidisciplinary evaluation, 10 patients
had surgery, 8 of them after stereo-electroencephalographic

analysis. Among the 10 patients, 3 had to be excluded
because BOLD images displayed to many motion artifacts
(n¼2, displacements larger than 2mm during the whole
fMRI sequence) and because no FCD was confirmed in the
histologic examination (n¼1).

Finally, seven patients were included (4 girls) for the
study, with a median age of 9 years (range: 3–15 years).
Clinical data are listed in ►Supplementary Table S1 (avail-
able in the online version). One patient (patient 1, aged 3)
had to be sedated using melatonin. The other patients were
resting but not sleeping during the acquisition, as checked on
the concurrent EEG. No correlation was found between
clinical data (FCD localization, subtype, resected volume,
age, epilepsy duration, antiepileptic drugs) and fMRImetrics.
After structural imaging review, three patients had subtle
focal abnormalities that were not described previously
(blurring of the gray matter—white matter junction [n¼2],
abnormal sulcation [n¼1], see ►Table 1).

Six healthy controls (2 girls) were included, with amedian
age of 11 years (range: 6–17 years). No structural MRI
abnormality was found in the controls.

Regional Homogeneity
ReHo lateralization indiceswere positive in 4/7patients due to
a higher value in the surgical ROIs than the contralateral side

Table 1 Visual analysis of structural and functional imaging data of the included patients (n¼ 7)

Patient
number

Structure imaging
abnormalities

PET SUV map ReHo map DC map

1 None Larger surgical ROI
Slight hypometabolism in the
upper part of the surgical ROI

Larger surgical ROI
Increase in the upper part of
the surgical ROI

Larger surgical ROI
Increase in the upper part of
the surgical ROI

2 None Larger surgical ROI
Slight hypometabolism in the
upper part of the surgical ROI

Inconclusive
Slight diffuse increase in the
ROI without focal
abnormality

Larger surgical ROI
Focal increase in the medial
part of the ROI

3 Abnormal sulcation
Blurred gray
matter–white
matter junction

Larger PET abnormality
Strong focal
hypometabolism larger than
the resected area

Larger surgical ROI
Focal strong increase in half
of the ROI

Inconclusive
Slight diffuse increase of DC
in the ROI

4 Blurred gray
matter–white
matter junction

Larger PET abnormality
Focal hypometabolism larger
than the resected area

Larger ReHo high value
Focal increase concordant
with PET hypometabolism

Inconclusive
No visible focal abnormality

5 None Larger surgical ROI
Ill-defined hypometabolic
area in the upper part of the
surgical ROI

Inconclusive
Slight increase in the upper
part of the surgical ROI

Inconclusive
No visible focal abnormality

6 Blurred gray
matter–white
matter junction

Larger surgical ROI
Focal hypometabolism
concordant with structural
abnormality

Larger surgical ROI
Focal increase concordant
with structural and PET
abnormalities

Inconclusive
Slight decrease of DC in the
area of structural and PET
abnormalities

7 None Full colocalization
Focal hypometabolism

Inconclusive
Diffuse decrease in the ROI
without focal abnormality

Inconclusive
Slight increase in the middle
of the ROI

Abbreviations: ALFF, amplitude of low frequency fluctuation; BOLD, blood oxygenation level dependent; DC, degree centrality; fALFF, fractional
ALFF; ReHo, regional homogeneity; PET, positron emission tomography; ROI, region of interest.
ALFF and fALFF maps did not show any visible focal abnormality concordant with surgical ROI or PET hypometabolism. Larger surgical ROIwas defined
as focal BOLD/PET abnormality found within a larger surgical ROI. Larger BOLD/PET abnormality was defined as focal abnormality overlapping the
surgical ROI and the surrounding brain. Inconclusive was defined as no clear focal BOLD/PET asymmetry within at least one part of the surgical ROI.
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area (►Fig. 1, ►Supplementary Tables S2-S4, available in the
online version), among them 3/7 lateralization indices being
significantly higher than in controls (Z-scores between 1.96
and 2.52, ►Fig. 2). Using PET-based ROIs, 6/7 lateralization
indices were positive (1/7 being significantly higher than in
controls [Z-score 2.92], and 3/7 having a Z-score between 1.05
and 1.86). However, one patient (patient 7, frontal mesial
small-sized type IIb FCD) had negative lateralization indices
using both surgical and PET-based ROIs (Z-score �2.08 and
�1.81, respectively). Therefore, the median lateralization in-
dex of all the patients was not significantly higher than 0 for
surgical ROIs (p¼0.23), even if there was a trend using PET-
based ROIs (p¼0.08).

Other BOLD Metrics (DC, ALFF, and fALFF)
No significant lateralization among all the patients was
seen using DC, ALFF, and fALFF (►Fig. 1). Lateralization
indices were inconsistently positive or negative, not mod-
ified when PET-based ROIs were used. No significant
correlation was found between different BOLD metrics
lateralization indices.

Correlation with PET
FDG-PET SUVs of surgical ROIs were consistently lower in
FCD area in comparison with contralateral area (lateraliza-
tion indices median �0.087, p¼0.008).

The two patients (patients 3 and 4) with the lowest
PET lateralization indices also had the highest ReHo laterali-
zation indices. However, no significant correlationwas found
between PET and BOLD metrics lateralization indices.

Visual Analysis of BOLD or PET Maps (►Table 1, ►Figs. 3

and 4)
PET SUV maps showed focal hypometabolism areas that
were larger than the surgically removed areas in 4/7 patients,
smaller in 2/7 and comparable in 1/7.

Visual analysis of the ReHomaps showed a focal increase of
ReHo in at least one part of the resected area in 4/7 patients.
Among these, the three patients with subtle structural abnor-
malities had focal ReHo increase that was spatially concordant
with these signal changes. ReHo increase was also colocalized
with PET hypometabolic areas in these four patients. ReHo
visual analysis was considered inconclusive in the remaining

Fig. 1 Lateralization indices of regional homogeneity, degree cen-
trality, amplitude of low frequency fluctuations, fractional
amplitude of low frequency fluctuation (ALFF) and fluorodeoxyglu-
cose-positron emission tomography (FDG-PET). Standardized uptake
value between the focal cortical dysplasia resected area (upper graph)
or the PET-based region of interest (ROI; lower graph) and the
contralateral sulci. fALFF, fractional ALFF; SUV, standardized uptake
value.

Fig. 2 Boxplots of regional homogeneity (ReHo) lateralization indices
of controls. Each box represents the lateralization
indices of the controls within the region of interest (ROI) of each
patient (upper graph: surgical ROI, lower graph: positron emission
tomography [PET]-based ROI). Black squares indicate the ReHo lat-
eralization indices of the patients. �indicates when lateralization index
of the patient is significantly different from the controls
(Z-score> 1.96).
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3/7patients, because the increase/decrease in ReHowithin the
ROIwas diffuse andmoderate, not visually detectablewithout
knowledge of the resected area.

DC maps visual analysis did not yield any significant
information, because visible variations were moderate and
vary among patients (increase/decrease).

ALFFand fALFFmaps appeared rather useless in this context,
because no consistent visual variations were observed.

Discussion

We report initial asymmetry results in spontaneous BOLD
fluctuation metrics in surgically proven MRI-inconclusive
FCD in children. We found that ReHo was in a substantial
fraction of the pediatric patients higher in FCD area than in
the contralateral area, yet not significantly, and that visual
inspection revealed that these results were spatially

Fig. 3 Lateralization of regional homogeneity (ReHo) in patient 4 (9 years old girl). (A) Preoperative T1-weighted image (sagittal, coronal, and
axial planes), showing a subtle white matter-gray matter blurring (white arrows). (B, C) Preoperative ReHo maps (sagittal, coronal,
and axial planes, color scale represents Kendall’s coefficients of concordance) with planned to be resected region of interest (ROI; white contours
in B) and positron-emission tomography (PET)-based ROI (white courtours in C). Resected volume matches with a part of the high
ReHo volume, whereas PET-based ROI almost entirely matches with the high ReHo volume.
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correlated with structural abnormalities when present and
hypometabolism area using FDG-PET.

Previously, Gupta et al13 reported in 14 adult patients
with MRI-visible FCDs that ReHo was higher in FCDs than in
the contralateral homotopic cortex and healthy controls. Our
results support that these resultsmay be extended to FCDs in
children, even when MRI structural changes are absent or
subtle. Three patients in our cohort had subtle MRI abnor-
malities within the FCD, which were seen a posteriori. These
three patients also had themost obvious changes using ReHo
maps. This suggests that high ReHo focus is more frequent
when structural abnormalities are seen. This needs to be
further assessed using larger cohorts. One patient (patient 7)
had discordant results with lower ReHo in the FCD area. It
was a small-sized frontal mesial type IIb FCD. These
size/localization/type characteristics were also associated
with misleading location using PET.23 As investigated by
Chen et al,14 higher ReHo areas could be used to help to
detect epileptogenic zone in combination with other tech-
niques, as none of existing techniques gives perfect sensitiv-
ity and specificity.

DC, ALFF, and fALFF had a lower yield than ReHo, as they
provided no consistent variation among our patients. To our
knowledge, no other study reported DC variation in FCDs.
Using a different approach, Pedersen et al24 reported that

several brain areas display commonReHo andDC variation in
focal epilepsy patients, regardless of the FCD area. They also
reported that ReHo and DC were positively correlated, a
result we did not find in our FCD cohort. For the activity
amplitude metrics, that is, ALFF and fALFF, we found no
consistent effect between the FCD area and contralateral
cortex, in contrast with the study of Gupta et al13 in adult
patients. However, our study included children who were
surgically treated with MRI-inconclusive FCDs, which may
explain different results.

Pathophysiological Mechanisms
ReHo is thought to be linked to local synchronization of
spontaneous fluctuations associated with neural activity in
terms of neurovascular coupling that is spatially coherent at
the millimeter scale.25 Therefore, it may be higher in epilep-
togenic lesions, since these are characterized by rhythmic
neuronal synchronization.1 However, note that the time
scale of this synchronization is very different using EEG
(around 2–50Hz) than for resting-state BOLD fMRI (0.01–
0.1Hz). Our results may suggest that the synchronization in
FCDmay be found using these different time scales due to the
neurovascular coupling, possibly reflecting different features
of the same underlying pathophysiological mechanism.

The lack of usable results for the amplitudes of the BOLD
fluctuations, that is, ALFF and fALFF, can appear surprising,
since FCDs have different neuronal activity than healthy
tissue and we may hypothesize a different neurovascular
coupling. However, abnormalities in EEG recordings cannot
easily be transformed into deviations of themuch slower low
frequency BOLD oscillations, and to our knowledge, no other
report has studied this issue in focal epileptogenic lesions.

We studied PET SUV lateralization in the same areas than
fMRI metrics and found that high ReHo values were colo-
calized with hypometabolic areas. However, such a result
should not be interpreted as a direct correlation between
these fMRI metrics and FDG uptake. On the opposite, Nugent
et al26 reported that in a whole brain analysis on healthy
subjects, PET-based regional metabolic rate of glucose was
positively correlated with ALFF and ReHo. In our results, low
FDG uptake is thought to reflect hypometabolism caused by
an abnormal cortex in FCDs,7 whereas the higher ReHo
reflects the higher local synchronicity, even if metabolic
activity is lower.

Clinical Use
We performed an exploratory study to assess if ReHo is
asymmetrical in a known epileptic focus. To pursue towards
clinical use of higher ReHo areas, further studies still have to
explore in a data-driven manner if ReHo maps allow the
detection of an abnormality that will be confirmed by
another technique (surgery or other imaging), eventually.
Using a data-driven approach, several authors explored the
ability of independent component analysis of resting-state-
fMRI data to detect seizure onset zones.8,9,27–29 They found a
good spatial localization of epileptic focus that allowed to
predict surgical outcome.8 However, independent compo-
nents categorization needs interpretation of aberrant

Fig. 4 Spatial relation between surgical and positron-emission
tomography (PET)-based region of interests (ROIs). Regional homo-
geneity (ReHo) maps (A, C) and standardized uptake value (SUV) maps
(B, D) overlaid on T1 preoperative images, with area of surgery
delineated using white contours. Arrows indicate the hypometabolic
regions on PET. In patient 6 (axial plane in A, B), the resected region is
much larger than the PET hypometabolic area. The PET hypometabolic
area (sought to match the focal cortical dysplasia area) is character-
ized by a higher ReHo and lower SUV than the whole ROI. In patient 4
(sagittal plane in C, D), the resected region is smaller than the PET
hypometabolic area, to decrease the risk of postsurgical deficits.
Consequently, the resected region does not include the whole area of
high ReHo and low SUV.
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networks by experts,9which is likely more complicated than
analysis of ReHo maps that reveal targeted BOLD signatures.
Their approach is based on network-derived data, while
ReHo reflects localized BOLD fluctuations.

Resting-state fMRI may be useful in clinical practice since
it does not need any ionizing radiation, contrast media
injection nor significant cooperation of the child, except
laying still in the MR magnet. The 10minutes duration of
the acquisition is longer than clinically used sequences but
remains acceptable in a clinical workflow for these patients
where the clinical impact may be high. Further studies
should assess if shorter acquisitions may be sufficient.
Thanks to dedicated toolboxes,15 the processing remains
feasible in a clinical setting in terms of time and processing
knowledge for neuroimaging-dedicated radiologists.

Study Considerations
Our study has several limitations, including the small size of
our sample. This was caused by the rarity of such a population
including MRI-negative FCD pediatric patients with surgical
confirmation, which allowed a sound gold standard. In partic-
ular, we were unable to assess properly the influence of the
FCD subtype,which could have a great influence. Type IIB FCDs
seemed to have negative results, but it was based only on two
patients, one of them having high ReHo focus. Further studies
with larger samples may allow other analyses including the
influence of FCD subtype, localization, intrinsic hemispheric
asymmetries of spontaneous fluctuations, or the drugs used.

Second, the choice of the gold standard to delineate FCDs
is very complicated in MRI-negative FCDs. We chose to use
the resected area confirming the diagnosis of FCD as a
reference standard, because it provides a sounder ground
truth than clinical consensus (based on seizures semiology,
EEG, and imaging) in these MRI-negative patients. Neverthe-
less, this reference standard is hampered by the imperfect co-
localization of the whole FCD and the whole resected area:
the FCD may be larger if the resection is limited by surgical
risk, whereas the resected areamay be larger than the FCD, if
the FCD area is deeply localized and justifies a larger cortec-
tomy to get surgical access. Therefore, it can affect our results
because the effect may be diluted by the averaging of ReHo
values within a ROI including healthy cortex. This prompted
us to also investigate PET-based ROI in the same lobe as the
proved FCD to assess if colocalization would be better. This
method is not flawless, as PET hypometabolic area may be
larger than the FCD.7 That is why we delineated ROIs using
the lowest SUV areas. Using this technique, we found higher
ReHo lateralization indices and good spatial correlation,
supporting the relevance of high ReHo areas to help to detect
FCDs. However, we did not delineate thewhole epileptogenic
zone in the ROIs of all the patients, since three of themwere
not seizure free after surgery.

Finally, we report here a combination of quantitative and
qualitative analyses using lateralization indices and visual
analysis, because of the small size of our sample. This work
was intended to explore preliminary results in patients with
confirmed FCD and further studies will be needed to assess
relevant lateralization thresholds. Furthermore, the analysis

of lateralization precludes the ability from assessing wheth-
er the abnormality is in the FCD area and/or in the contra-
lateral cortex. However, in a clinical context, the
lateralization of the epileptic focus is most often known
and the comparison of the two sides may be useful.

Conclusion

Our exploratory study indicates that regionally targeted rest-
ing-state fMRI derived metrics tend to be different in MRI-
negativeFCDscomparedtothecontralateralbrain,particularly
an increase in regionalhomogeneityof theBOLDsignaturewas
observed. These results need to be assessed in larger samples
usinga data-driven approach to explore their potential yield in
FCD detection in a clinical context.
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