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Abstract
Purpose To assess the localizing value of 18F-FDG PET in patients operated on for drug-resistant epilepsy due to focal cortical
dysplasia type 2 (FCD2).
Methods We analysed 18F-FDG PET scans from 103 consecutive patients (52 males, 7–65 years old) with histologically proven
FCD2. PETandMRI data were first reviewed by visual analysis blinded to clinical information and FCD2 location. The additional
value of electroclinical data and PET/MRI coregistration was assessed by comparison with pathological results and surgical
outcomes.
Results Visual analysis of PETscans showed focal or regional hypometabolism corresponding to the FCD2 in 45 patients (44%),
but the findings were doubtful or misleading in 37 patients and negative in 21. When considering electroclinical data, positive
localization was obtained in 73 patients, and this increased to 85 (83%) after coregistration of PETandMRI data. Under the same
conditions, MRI was positive in 61 patients (59%), doubtful in 15 and negative in 27. The additional value of PET was
predominant in patients negative or doubtful on MRI, localizing the FCD2 in 35 patients (83%). Interobserver agreement
correlated with the grade of hypometabolism: it was good in patients with mild to severe hypometabolism (82–95%), but
moderate in those with subtle/doubtful hypometabolism (45%). The main factors influencing positive PET localization were
the grade of hypometabolism and the size of the FCD2 (P < 0.0001). Misleading location (nine patients) was associated with a
small FCD2 in the mesial frontal and central regions. Following limited cortical resection mainly located in extratemporal areas
(mean follow-up 5.6 years), a seizure-free outcome was achieved in 94% of patients, including Engel’s class IA in 72%.
Conclusion In this series, 18F-FDG PET contributed to the localization of FCD2 in 83% of patients. This high localizing value
was obtained by integration of electroclinical data and PET/MRI coregistration. This approach may help improve the surgical
outcome in extratemporal epilepsy, even in patients negative on MRI.
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Introduction

Focal cortical dysplasia type 2 (FCD2) is one of the most
frequent pathologies in focal epilepsies that can be cured by
surgery, in children as well as in adults [1]. These highly
epileptogenic lesions are predominantly located in
extratemporal areas, often involve the eloquent cortex, and
remain difficult to detect even with optimal MRI [2, 3].
Improving the identification of such dysplastic lesions is cru-
cial for referring patients for surgery and guiding the cortical
resection. 18F-FDG PET has proved highly sensitive for the
detection of FCD2, especially in patients negative on MRI [4,
5].We aimed to assess the value of PET for localizing FCD2 in
clinical practice. To this end, we compared the results of visual
analysis alone with those obtained after integration of
electroclinical data and coregistration of PET and MRI data
in a large series of surgically treated patients. Our second goal
was to assess the contribution of PET to the surgical outcome
in this population.

Materials and methods

Patient population

From among 1,055 patients investigated by 18F-FDG PET for
drug-resistant partial epilepsy at SHFJ, CEA (Orsay, France)
between 2000 and 2016, we selected all patients in whom the
diagnosis of FCD2 was suggested by MRI features and/or his-
tologically confirmed after surgery. Some of these patients have
been reported in previous studies [4, 6]. Inclusion criteria for the
present study were: original PET and MRI files available for
analysis on the workstation, surgery performed in the same
institution (Centre Hospitalier Sainte-Anne) and histological
diagnosis of FCD2. Among 112 selected patients, onewas elim-
inated because histology was atypical and another because PET
was performed after initial surgery, three others were not oper-
ated on despite typical FCD2 features on MRI, and four later
patients were not included due to missing PET or MRI data.
The final population consisted of 103 patients (52 males), in-
cluding 31 children under 16 years of age. Their ages at PET
examination ranged from 7 to 65 years (mean 24.8 years, SD
11.7 years). Age at epilepsy onset ranged from birth to 40 years
(mean 7.1 years, SD 5.8 years) and epilepsy duration from 1 to
59 years (mean 17.7 years, SD 10.9 years).Most patients (80%)
had high seizure frequency (one or more per day).

Presurgical work-up and surgery

Presurgical evaluation included video-EEG recordings, high-
resolution MRI, functional MRI and 18F-FDG PET
coregistered with MRI in all patients. In addition, 53 patients
underwent stereoelectroencephalography (SEEG). Cortical

resection was performed using microsurgical techniques, after
multidisciplinary integration of preoperative data including
the PET results. The diagnosis of FCD was established ac-
cording to the ILAE classification [7]. Surgical outcome as-
sessment was based on Engel’s classification [8].

Imaging data

MRI scans were performed using a 1.5-T magnet (Signa
Excite; General Electric Healthcare, Milwaukee, WI, USA:
60 patients) and from 2010 using a 3-T MRI scanner
(Discovery MR750; General Electric Healthcare: 43 patients).
The MRI protocol included 3D T1-weighted 1.2-mm-thick
contiguous slices, coronal T2-weighted and FLAIR (fluid-at-
tenuated-inversion recovery) sequences. All MRI scans were
reviewed by a trained neuroradiologist (C.M.) blinded to the
PET results and localization of the lesions. MRI was classified
as positive if the images demonstrated features characteristic
of FCD2 [9] and doubtful if they showed only minor gyral
abnormalities, and the findings were considered nonspecific
and negative in the remaining cases.

18F-FDG PET examination was performed using either a
head-dedicated PET camera (ECAT-953/31B; Siemens,
Knoxville, TN, USA; 5.8 mm transverse, 5 mm axial resolu-
tion) in 9 patients or a 3D camera (HR+ CTI Exact; Siemens;
4.4 mm transverse, 4.2 mm axial resolution) in 58 patients,
and then from 2009 a PET/CT system (Biograph 6; Siemens;
4.2 mm transverse, 4.5 mm axial resolution) in 36 patients.
18F-FDG was injected intravenously at a mean activity of
3 MBq/kg body weight. Images were acquired for 15–
20 min starting 30 min after injection. Patients were studied
in an awake, resting state in a quiet, dimly lit environment, and
were carefully monitored for head movements and ictal
events. Correction for attenuation was done using 68Ga/68Ge
transmission scans for the ECAT/HR+ cameras and CT for the
Biograph. No patient had seizures other than the usual type
(i.e. secondary generalized) during the 7 days preceding the
PET scan. Since most patients had a high frequency of sei-
zures, 11 of them experienced a seizure less than 6 h before the
PET scan and 21 others during the previous night without
more precise information as to the time. In addition, 13 other
patients had a seizure after injection of FDG and/or during the
PET scan. However, seizures were brief (less than 30 s) and
data were interpretable in all subjects except one, in whom
PETwas repeated in the interictal period.

Visual analysis was performed by an experienced nu-
clear physician (S.D.) using a semiquantitative grading of
the metabolic changes. The look-up table roughly equally
divided the colour scale with 80% upper scale normaliza-
tion and 20% background noise, followed by a new upper
scale normalization if necessary. Hypometabolism was
classified as mild, moderate or severe according to the
percentage SUV reduction (10–15%, 15–20%, >20%,
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respectively) and subtle/doubtful if <10%, in comparison
with the contralateral symmetrical areas. PET and MRI
images were coregistered either using Anatomist software
(http://brainvisa.info) [10] or on a PET workstation
(Siemens, GE). The location and extent of the metabolic
abnormalities were classified as focal (involving a single
gyrus), regional (involving several gyri in the same lobe)
or widespread (involving the whole lobe or several lobes).
Visual analysis of PET images was performed by one
reader (S.D.), first blinded to the electroclinical data,
then integrating this information and the coregistration
with the MRI images. The second reader (F.C.,
epileptologist experienced in PET) reviewed the PET
data with knowledge of the electroclinical data and after
PET/MRI coregistration. Results were then compared
with the preoperative report. The location of FCD2 was
based on the MRI data, surgical findings and histology.

The visual PET findings were considered positively
local izing when there was overlap between the
hypometabolic area and the localization of FCD2,

doubtful or misleading when hypometabolism was either
subtle or detected in a lobe or a part of a lobe that did not
contain the FCD2, and negative when no clear abnormal-
ities were detected visually. PET/MRI coregistration was
considered localizing (positive) if the hypometabolic area
overlapped with the precise location of the FCD2, and
nonlocal iz ing (negat ive) when only a doubtful
hypometabolism was detected or when a misleading loca-
tion was indicated (involving an area different from the
FCD2, within the same lobe or not). The localizing value
of PET was assessed according to the three types of anal-
ysis (visual alone, after integration of electroclinical data,
and after PET/MRI coregistration). Interobserver agree-
ment was assessed after integration of electroclinical and
MRI data. It was considered fully concordant when the
FCD2 was localized in the same location within the same
lobe, partially concordant when the FCD2 was localized in
the same lobe but not precisely at the same site, and dis-
cordant when the FCD2 was localized in a different lobe.
Any disagreements were resolved by consensus. Of note,

Fig. 1 Sagittal 18F-FDG PET, MRI and coregistered PET/MRI images in a patient with a right precentral FCD2 (type 2B). Note the severe
hypometabolism strictly concordant with the dysplastic gyrus (MRI-positive, typical features including the transmantle sign)
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if the MRI findings were negative or doubtful, MRI im-
ages were reviewed after comparison with the PET images
to search for mild structural abnormalities.

PET scans were performed as part of a research protocol
until 2006 and thereafter as part of clinical routine. All patients
provided informed consent before scanning. The study was
approved by the Ethics Committee of Ile de France III and
was found to conform to generally accepted scientific princi-
ples and ethical standards.

Statistical analysis

Statistical analysis was performed using SPSS Statistics (ver-
sion 23) software. Several types of analysis were performed
searching for corre lat ions between the grade of
hypometabolism and (1) demographic data (age at PETexam-
ination and epilepsy onset), (2) characteristics of epilepsy (du-
ration, seizure frequency), (3) lobar location and size of FCD2

(gyral, infralobar, lobar) and (4) time between the last seizure
and the PETexamination (interictal if >6 h, peri-ictal if <6 h or

during the PETscan). We also searched for factors influencing
the localizing value of PET and interobserver agreement.
Finally, we compared surgical outcome according to the pos-
itivity or negativity of MRI and PET, independently and in
combination. We performed one-way ANOVA to analyse
parametric variables and the chi-squared test for the effects
of categorical variables. To assess factors influencing the lo-
calizing value of PET, a logistic multivariate regression anal-
ysis was done with localization by PET (positive versus neg-
ative) as the dependent variable and the variables
hypometabolism grade, FCD2 size, localization, time since
last seizure and type of camera as predictors. Surgical out-
come was analysed by logistic regression with Engel’s class
I and IA as dependent variables, and MRI and PET results
(positive versus negative) as predictors. P values <0.05 were
considered significant. For interobserver agreement, concor-
dance analysis was conducted using the kappa index, classi-
fying concordance as slight (0.00–0.20), fair (0.21–0.40),
moderate (0.41–0.60), substantial (0.61–0.80), and almost
perfect (0.81–1.00).

Fig. 2 Axial 18F-FDG PET, MRI and coregistered PET/MRI images in a
patient with a left central FCD2 (type 2B). Mild hypometabolism is ap-
parent at the bottom of the dysplastic gyrus in the PET/MRI images

without significant abnormalities on the PET image (MRI-positive,
PET-positive after coregistration with MRI)
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Results

PET analysis

Visual PET analysis detected hypometabolic areas concor-
dant with the site of FCD2 in 45 patients (44%) but was
negative, doubtful or misleading in the other patients.
MRI was positive in 61 patients (59%), doubtful in 15
and negative in 27. When electroclinical data were taken
into account, the proportion of patients with a positive
localization by PET increased to 71%, and was higher in
patients positive on MRI (79%) than in those negative/
doubtful on MRI (60%). PET/MRI coregistration allowed
the de t e c t i on o f a gy r a l , i n f r a l oba r o r l oba r
hypometabolism which was classified as subtle/doubtful
(22 patients), mild (28 patients), moderate (33 patients)
or severe (20 patients). This hypometabolism was fully
concordant with the localization of FCD2 in 85 patients

(PET-positive). However, in 18 other patients, the PET
findings remained doubtful or misleading (PET-negative).
PET was concordant with MRI in 50 MRI-positive pa-
tients (82%), either showing mild to severe hypometabolism
(Fig. 1) or subtle/doubtful hypometabolism at the bottom of
the sulcus (Fig. 2). In these latter patients, PET alone may be
less sensitive than MRI, which was the case in six patients in
this series. In five other patients, PET data were misleading,
showing metabolic changes discordant with the structural ab-
normalities. However, three patients initially MRI-negative
became positive after comparison of the MRI and PET data.

The major additional value of PET was found in 42
patients negative/doubtful on MRI (41%), in 35 (83%)
of whom the FCD2 was localized (Figs. 3, 4 and 5). Of
note, five patients negative/doubtful on both PET and
MRI were positive on coregistered PET/MRI (Fig. 6).
However, a doubtful/misleading localization was found
in seven others. Therefore, the combination of visual

Fig. 3 Axial 18F-FDG PET, MRI and coregistered PET/MRI images in a
patient with a left prefrontal FCD2 (type 2B). Mild focal hypometabolism
is apparent in the PET image corresponding to a single hypometabolic
gyrus in the left lateral prefrontal cortex. Note the relative
hypometabolism in the mesial frontal cortex bilaterally, corresponding

to ictal spread. On the MRI image (initially considered negative) a mild
blurring is apparent at the bottom of the hypometabolic sulcus (MRI-
negative changing to MRI-positive after coregistration with the PET
image)
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analysis of 18F-FDG PET data, electroclinical data and
MRI coregistration contributed to localizing the FCD2 in
85 patients (83%), including 35 patients negative/doubtful
on MRI and three other patients in whom MRI became
positive after comparison of the MRI and PET data. These
results are summarized in Table 1.

Factors influencing the localizing value of PET

The main factors influencing positive localization by PET
were the grade of hypometabolism and the size of the
FCD2 (P < 0.0001). Time since the last seizure was sig-
nificantly correlated with the grade of hypometabolism,
obtaining a peri-ictal PET did not change significantly
the results considering the FCD2 localization. Logistic
regression analysis indicated that only the grade of
hypometabolism was significant (P = 0.012). FCD2 loca-
tion may also play a role but did not reach the threshold
o f s i gn i f i c ance (P = 0 .095 ) . P r edominance i n
extratemporal areas, especially the frontocentral areas

(78 patients) is in line with the characteristics of FCD2;
the temporal lobe was involved in nine patients only.
Notably, in extratemporal areas, mesial or paramedian lo-
cations were observed in nearly half of the patients, espe-
cially the frontal lobe. Moreover, the predominance of
FCD2 locations near the midline was higher in patients
negative/doubtful on MRI than in patients positive on
MRI. These results are summaraized in Table 2.

The most challenging FCD2 to localize were small lesions
located in regions difficult to analyse (i.e. the mesial part of the
frontal lobe, insula). Misleading localizations mainly
corresponded to mesial prefrontal regions, in which an anteri-
or temporal hypometabolism may appear predominant. Other
difficult locations were the precentral operculum and the sup-
plementary motor area (SMA), in which a postcentral
hypometabolism could also be misleading.

Interobserver agreement for the whole series was 79% in.
This percentage varied considerably according to the grade of
hypometabolism, ranging from 45% in patients with doubtful/
subtle PET abnormalities to 82–95% in those with more

Fig. 4 Coronal 18F-FDG PET,MRI and coregistered PET/MRI images in
a patient with a left temporal FCD2 (type 2A). Severe focal
hypometabolism is apparent corresponding to the dysplastic cortex in

the superior temporal sulcus, without any abnormalities visible on the
MRI image (MRI-negative, PET-positive)
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obvious metabolic changes. This may account for the moder-
ate kappa index (0.59, P < 0.0001).

Surgical data

SEEG was performed in all MRI-negative patients except one
(96%) and in 67% of MRI-doubtful patients, but was less fre-
quently performed in MRI-positive patients (28%). In MRI-
negative/doubtful patients, preoperative PET findings were
helpful for SEEG planning and cortical sampling, allowing
the epileptogenic zone to be accurately localized. In each pa-
tient, the typical electrical signature of FCD2 [11] was observed
within the site of maximal hypometabolism. In MRI-positive
patients, SEEG was mostly performed in older patients (before
2006), whereas other patients were operated on directly on the
basis of MRI and PET findings (including the three patients
initiallyMRI-negative who changed toMRI-positive after com-
parison of the MRI and PET data). Thus, increasing experience
with PET/MRI analysis allowed invasive monitoring to be
avoided in some MRI-negative/doubtful patients (14%) and

mostMRI-positive patients.With amean follow-up of 5.6 years
(range 2–15 years), a favourable outcome (Engel’s class I) was
achieved in 97 patients (94%) including 74 patients (72%) with
an optimal outcome (class IA) and 40 who stopped antiepileptic
drugs. This particularly high rate of successful procedures was
observed in the whole population, including patients with the
most challenging presentation (i.e. MRI-negative in functional
areas) and patients operated on directly on the basis of PET/
MRI comparison only. However, the MRI-negative/doubtful
group achieved a significantly lower rate of class IA outcomes
(60%) compared with the MRI-positive group (80%, P =
0.021). In addition, a dramatic decrease in the rate of class IA
outcomes from 82% in MRI-positive/PET-positive patients to
40% in MRI-negative/PET-negative patients was observed. It
should be added that most patients who underwent two opera-
tions belonged to the latter group. Logistic regression analysis
indicated that MRI was associated with a higher odds ratio (OR
2.610, 95% confidence interval, CI, 1.018–6.694, P = 0.046)
than PET (OR = 0.55, 95% CI 0.970–17.655, P = 0.055).
These results are summaraized in Table 3.

Fig. 5 Coronal 18F-FDG PET,MRI and coregistered PET/MRI images in
a patient with a small left mesial prefrontal FCD2 (type 2B). Mild
hypometabolism is well localized in the left anterior cingulate gyrus

corresponding to the dysplastic cortex, without structural changes visible
on the MRI image (MRI-negative, PET-positive)
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Discussion

In this large surgical series, 18F-FDG PETwas proven to have
a high value for localizing FCD2 and contributed to excellent
surgical outcomes in patients with severe drug-resistant focal
epilepsy. This confirms the results of previous studies [12, 13]
and those from our group focusing on MRI-negative patients
[4]. Furthermore, it has allowed us to avoid invasive monitor-
ing in an increasing number of patients, despite extratemporal
locations and negative MRI findings in a great proportion of
patients.

Optimizing the visual analysis of PET

The high sensitivity of PET for FCD2 localization was
achieved by integration of electroclinical data and
coregistration of PET and MRI data. In contrast, PET alone
had a poor sensitivity (45%) accounting for its low contribu-
tion in extratemporal locations found in previous studies [14].
We highlight the impact of electroclinical data on the interpre-
tation of PET in allowing a gain in sensitivity of 26%. Finally,

coregistration with MRI data optimized the detection of FCD2

in 83% of patients, as previously demonstrated [4, 5, 15]. It is
noteworthy that in three patients, MRI became positive only
after comparison with PET data, and in five other patients
positive PET/MRI registration was observed while both PET
and MRI were negative/doubtful. These findings emphasize
the role of coregistration, which improved the sensitivity of
MRI and PETanalysed independently. In addition, this type of
analysis can be easily performed in clinical routine. Moreover,
the increasing use of PET/MRI systems will also simplify the
procedure [16].

FDG PET in MRI-negative FCD2

The already reported additional value of PET in MRI-nega-
tive/doubtful patients [4, 5, 15] was confirmed in this larger
series, in which a high FCD2 localization rate (83%) was
found in patients with this difficult presentation. This is worth
noting because the detection of FCD2 by MRI remains a chal-
lenge despite the improvements in imaging techniques and
postprocessing software [17–23]. In our series, MRI was

Fig. 6 Axial 18F-FDG PET, MRI and coregistered PET/MRI images in a
patient with a left inferior frontal FCD2 (type 2B). Doubtful abnormalities
are present on PET the and MRI images independently, identified as a

hypometabolic gyrus in the left inferior frontal gyrus on the PET/MRI
coregistered image, corresponding to the dysplastic cortex (MRI-nega-
tive/doubtful, PET-negative/doubtful, PET/MRI-positive)
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Table 1 Localizing value of 18F-
FDG PET according to MRI
findings

MRI-positive
(N = 61)

MRI-doubtful
(N = 15)

MRI-negative
(N = 27)

Total
(N = 103)

PET visual analysis alone

Positive localization 30 6 9 45

Doubtful/misleading 19 7 11 37

Negative 12 2 7 21

Sensitivity 49% 47% 33% 44%

PET visual analysis + electroclinical data

Positive localization 48 9 16 73

Doubtful/misleading 5 5 6 15

Negative 8 1 5 14

Sensitivity 79% 60% 59% 71%

Electroclinical data + PET/MRI coregistration

Positive localization 50 13 22 85

Doubtful/misleading 11 2 5 18

Sensitivity 82% 87% 81% 83%

Table 2 Factors influencing the PET results

Factor Grade of hypometabolism P value

Subtle/doubtful
(N = 22)

Mild (N = 28) Moderate
(N = 33)

Severe
(N = 20)

Total
(N = 103)

Age at epilepsy onset (years), mean (sd) 11 (9) 7 (4) 6 (4) 4 (4) 7.1 (5.8) 0.002*

Age at PET examination (years), mean (sd) 28 (14) 26 (9) 23 (12) 22 (11) 24.8 (11.7) 0.284

Epilepsy duration (years), mean (sd) 17 (13) 19 (9) 17 (11) 18 (11) 17.7 (10.9) 0.902

Seizure frequency: daily/weekly/monthly 20/1/1 21/3/4 28/1/4 12/3/5 81/8/14 0.259

MRI data: positive/doubtful/negative 13/5/4 16/0/12 15/8/10 17/2/1 61/15/27 –

Histology: 2A/2B 3/19 5/23 4/29 1/19 13/90 0.62

FCD2 size: gyral/infralobar/lobar 21/1/0 26/2/0 25/7/1 5/14/1 77/24/2 <0.0001

FCD2 location

Frontal mesial-paramedian/lateral 12/0 9/6 14/9 2/5 37/20 0.095
Central 6 8 6 1 21

Parietal/occipital 2/0 2/0 0/2 5/2 9/4

Temporal/insula 0/2 2/1 2/0 5/0 9/3

Time since last seizure (days), mean (sd) 3 (10) 0.5 (0.8) 1.7 (3) 7.5 (10) 2.7 (7) 0.013

Peri-ictal PET (<6 h) 6 10 7 1 24 0.07

Interobserver agreement

Fully concordant 10 (45%) 23 (82%) 29 (89%) 19 (95%) 81 (79%) <0.0001a

Partially concordant/discordant 9/3 4/1 3/1 1/0 17/5

PET localization

Positive (localizing after consensus) 11 (50%) 26 (93%) 30 (91%) 18 (90%) 85 (83%) <0.0001
Negative (doubtful/misleading) 11 (prefrontal 3,

of which mesial 2;
SMA 3; central 3;
insula 2)

2 (prefrontal mesial
1; SMA 1)

3 (prefrontal 1;
precentral 2)

2 (prefrontal
mesial 2)

18

SMA supplementary motor area

*Age at epilepsy onset significantly correlated (P = 0.04) with size of FCD2 (larger the size, earlier the onset)
a Kappa index 0.592
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doubtful/negative in 41% of patients, despite optimal tech-
nique and high level of experience of the radiologists. These
data are concordant with the findings in other contemporary
series in which the rates of MRI-negative FCD2 ranged from
21% to 42% [9, 19, 21, 24]. Besides the striking value of PET
in MRI-negative/doubtful patients, its coregistration with
MRI also helped delineate FCD2 in MRI-positive patients,
allowing invasive monitoring to be avoided in most patients,
even in functional areas. We also performed PET/MRI based
surgical resections in an increasing number of MRI-negative/
doubtful cases with favourable outcome. Finally, SEEG plan-
ning guided by PET findings permitted a more precise local-
ization of the epileptogenic zone when invasive monitoring
was indicated [25]. The value of PET in presurgical work-up
has recently been investigated by other teams, showing an
important contribution of PET to decision making for patient
selection and surgical strategy, especially in those with
difficult-to-localize epilepsy lesions and in MRI-negative pa-
tients [26, 27].

Surgical implications

It should be kept in mind that surgery for extratemporal MRI-
negative epilepsy remains highly challenging with the lowest
rate of successful procedures (37–47%) in previous series [28,
29]. Patients with MRI-negative FCD are also reported to
have poor outcomes (32–46% of seizure-free patients) [30,
31]. In contrast, favourable outcomes have been obtained in
60–80% of patients withMRI-positive FCD [32–34] and in up
to 90% of some selected patients [17, 35]. It has been clearly
established that the detection and complete resection of FCD2

is the main factor predicting surgical outcome [6, 11, 17, 30,
33–35]. With outcomes in MRI-positive and MRI-negative

patients similar to the best found in previously reported series,
our results demonstrate the major contribution of PET to the
localization of epilepsy lesions in these difficult-to-analyse
regions. However, we stress that in patients with both
negative/doubtful MRI and PET, the optimal outcome
(Engel’s class IA) remains very difficult to achieve even when
invasive monitoring is performed.

Limitations of the study

This was a retrospective study selecting all patients with his-
tologically proven FCD2, but we could not assess the number
of patients in whom an FCD2 was not detected by PET and
who were therefore not referred for surgery. This may have
increased the rate of false-negative results. In contrast, we
found a low rate of false-positive results, since misleading
findings in some regions (i.e. the frontotemporal junction,
SMA and precentral operculum) could have been related to
anatomofunctional connectivity and ictal spread [4]. These
specific findings should be considered when analysing the
metabolic abnormalities. The second important point relates
to the PET analysis, which was deliberately limited to semi-
quantitative visual assessment. We are aware of the interest in
automated quantitative methods in FCD2 detection, especially
statistical parametric mapping (SPM) analysis. However, we
aimed to assess the localizing value of PET in clinical routine,
in which the quantification of metabolic changes requires
complex and time-consuming methods. In addition, such
methods involve comparison with a healthy subject database,
which is rarely available in clinical practice. The different
ways of overcoming this problem have come up against dif-
ficulties that limit their scope. In children, a cohort of
pseudocontrols has been established, and has led to

Table 3 Surgical data according to MRI and PET results

MRI-positive
(N = 61)

MRI-doubtful
(N = 15)

MRI-negative
(N = 27)

Total (N = 103) P valuea

SEEG 17 (28%) 10 (67%) 26 (96%) 53 (51%)

Two operations 4 1 8 13

Outcome (Engel class), n (%)

Overall

I 59 (97%) 14 (93%) 24 (89%) 97 (94%) 0.184

IA 49 (80%) 9 (60%) 16 (59%) 74 (72%) 0.021

PET-positive N = 50 N = 13 N = 22 N = 85

I 50 (100%) 12 (92%) 19 (86%) 81 (95%) 0.292

IA 41 (82%) 8 (62%) 14 (64%) 63 (74%) 0.061

PET-negative N = 11 N = 2 N = 5 N = 18

I 9 (82%) 2 (100%) 5 (100%) 16 (89%)

IA 8 (73%) 1 (50%) 2 (40%) 11 (61%)

SEEG stereoelectroencephalography
a For statistical analysis, the MRI-doubtful and MRI-negative groups were pooled
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improvement in specificity but a lower sensitivity compared
with adult control subjects [36]. Moreover, this database
might optimally be used with a system comparable to that
used for the examinations. The age of controls is also a limit-
ing factor with databases of controls provided by manufac-
turers, which are often matched to patients studied for demen-
tia rather than epilepsy [37]. A population of oncology pa-
tients without neurological history was tested in another study
using high doses (5 MBq/kg) of 18F-FDG [38] and constitut-
ing a suboptimal control group.

Finally, using patients with cryptogenic temporal epilepsy
(including hippocampal sclerosis) as controls [39] is prob-
lematic because it is typically in this location that the most
severe and extensive metabolic abnormalities are found. It
should be noted that, in these different studies, the value of
techniques with quantification was assessed by comparison
with visual analysis of PET scans alone and not with PET/
MRI coregistration. In a previous study, we tested the re-
spective value of visual versus SPM analysis using a cohort
of healthy subjects as the reference population [4]. We found
that visual analysis of coregistered PET and MRI data pro-
vided better results than SPM (91% versus 72% of positive
localizations). The discrepancy was due to small FCD2

deeply located in the mesial aspect of the brain or at the
bottom of a sulcus, where metabolism does not differ clearly
from that of the white matter. However, we concluded that
SPM analysis provided objective data supporting the visual
analysis and that the two techniques are complementary.
Similarly a previous study has shown the same sensitivity
of visual and SPM PET analysis for the detection of FCD
[13]. Moreover, in another study, visual re-assessment of
PET data by experienced readers proved superior to SPM
analysis, taking into account the above-mentioned methodo-
logical limitations [40]. Improvement in automated detection
is indeed an important issue that will help the interpretation
of PET scans. Nevertheless, comparison of automated quan-
tified data with visual analysis is mandatory to avoid false
interpretation.

The reader’s experience and the non-reproducibility of in-
terpretations are often put forward as arguments against visual
analysis. We obtained an interobserver agreement of 79% for
the whole series, which unsurprisingly increased with the se-
verity of the anomalies. The greatest variations were observed
in subtle or doubtful hypometabolism and it is unlikely that
automated analysis would have provided better results under
these conditions. Moreover, considering the overrepresenta-
tion of small FCD2 at the bottom of the sulcus and in the
mesial frontal regions, the additional value of automated anal-
ysis remains to be demonstrated.

Finally, a substantial proportion of patients (23%) had a
PET scan performed while in a peri-ictal state due to the high
seizure frequency characteristic of FCD2. We are well aware
that an examination performed under these conditions is quite

different from that performed during the interictal period as
recommended, but frequent seizures are common in our pa-
tient population. We therefore carefully examined the poten-
tial effects of these conditions of examination and found a
significant relationship between the grade of hypometabolism
and time since last seizure, but this did not significantly influ-
ence the localization value of PET. However, if a peri-ictal
PET scan provides doubtful results, performing a second ex-
amination, as was done in one patient in this series, should be
discussed.

Conclusion

18F-FDG PET data coregistered with MRI data and integrated
with electroclinical data appears particularly helpful in providing
accurate localization of FCD2 in a high proportion of patients,
and radically influences both the surgical indication and out-
come in these patients with severe drug-resistant epilepsies.
These benefits lead us to recommend the routine use of PET
and systematic coregistration with MRI data in the presurgical
work-up of patients with neocortical cryptogenic epilepsy.
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