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Background and Purpose: It is crucial to make selection strategy to identify surgical candidates among
medically refractory MRI-negative neocortical epilepsy patients. In our previous study, we suggested two or
more concordance between noninvasive studies (EEG, ictal scalp EEG, interictal FDG-PET, and SPECT) as
a new patient selection strategy for MRI-negative neocortical epilepsy surgery. The objective of this study was
to evaluate the surgical outcomes of MRI-negative neocortical epilepsy patients before and after the
implementation of a new selection strategy.

Methods: From 1995 to 2011, we included 153 consecutive MRI-negative neocortical epilepsy patients who
received focal resection and had a follow-up period of at least 2 years. These patients were divided into two
groups according to their date of surgery (before and after July 2002). The old group consisted of 89 patients
and the new one consisted of 53 patients. Clinical characteristics, presurgical evaluations, and pathology
were reviewed.

Results: The new patient selection strategy led to a significant increase in the concordance between two or
more modalities. The improvement in surgical outcome after 2002 was significant (seizure-free outcome,
47.2% vs. 75.5%; p = 0.001). Concordance between two or more presurgical evaluations and localizing PET
were related to a seizure-free outcome in a multivariate analysis.

Conclusions: After a change in surgical strategy to select patients with two or more concordance between
noninvasive studies, the seizure-free outcome improved up to 75.5%. MRI-negative neocortical epilepsy
patients with two or more concordance between noninvasive studies seem to be good candidates for epilepsy
surgery. (2016;6:68-76)
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are generally poorer than those of MRI-positive patients.”” This re-
flects the difficulty in the accurate localization and complete re-

Resective surgery for medically refractory epilepsy is accepted as
an effective management, especially for patients with a discrete le-
sion on magnetic resonance imaging (MRI). However, MRl is normal
or nonspecific in a proportion of patients with partial epilepsy, even
in patients with histopathologically confirmed lesions, such as cort-
ical dysplasia.' While a number of MRI-negative epilepsy patients
turn out to be medically intractable, these patients have a lower
chance of surgery than do those with discrete MRI lesions.’
Moreover, if they undergo epilepsy surgery, their surgical outcomes

section of the epileptogenic zone in the absence of MRI-identified
lesions. The definition of prognostic factors, including the results of
multimodal diagnostic tools, is important to identify ideal candidates
for surgery among MRI-negative patients.

Recently, the number of mesial temporal lobectomy for hippo-
campal sclerosis has reduced® and the increase in neocortical epi-
lepsy surgery was not significant. So this led to the overall reduction
of epilepsy surgery,” despite there is no evidence of reduction in the
number of treatment-resistant epilepsy patients overall.® The key fac-
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tor to hesitate the neocortical epilepsy surgery is the poor outcome of
MRI-negative neocortical epilepsy.” Identifying prognostic factors
and selecting ideal surgical candidates for epilepsy surgery of
MRI-negative patients is crucial.

In our previous study,"® we found that surgical treatment can ben-
efit MRI-negative neocortical epilepsy patients, and that presurgical
studies can localize correctly the epileptogenic lobe in these
patients. In the same study, we showed that, among four presurgical
evaluation modalities (ictal scalp electroencephalogram [EEG], in-
terictal scalp EEG, fluorodeoxyglucose-positron emission tomog-
raphy [FDG-PET], and ictal-interictal single-photon emission com-
puted tomography [SPECT]), the concordance between two or more
presurgical results was related to a seizure-free outcome.
Subsequently, we have used this approach as a new strategy for the
selection of MRI-negative neocortical epilepsy patients for surgery.
The strategy consists in selecting refractory MRI-negative epilepsy
patients who have two or more concordance among presurgical
noninvasive modalities.

The objective of this study was to evaluate the surgical outcomes
of MRI-negative epilepsy neocortical epilepsy patients before and
after the implementation of the new patient selection strategy. We
also defined prognostic factors, including the results of multimodal
presurgical evaluation tools, and the diagnostic sensitivities of these
tools using pooled data.

Methods

Patients

After obtaining approval from the Seoul National University
Hospital (SNUH) review board, from a prospective database we ret-
rospectively identified 153 consecutive patients without MRI-detect-
able lesions who underwent epileptic surgery at the SNUH between
September 1995 and March 2011. As we applied a new patient se-
lection strategy after July 2002, we classified these patients into two
groups according to their surgery date. Before July 2002, we consid-
ered surgical treatment of MRI-negative neocortical epilepsy even
when they had at least one localizing result of presurgical studies
(ictal scalp EEG, interictal scalp EEG, FDG-PET, and ictal-interictal
SPECT) with the consideration of seizure semiology, while our new
patient selection strategy required concordant results of two or more
presurgical studies. Although we tried to apply the new strategy, a
few individuals who had lower concordance were included in this
new group based on their invasive study results, because the final de-

cision to take surgical treatment was usually made by the patient or
their care-giver after the explanation of the possibility of successful
surgery based on the results of presurgical studies. So we excluded
11 patients with low concordance (0-1) from the new group for com-
parison between old and new groups. The old group consisted of 89
patients and the new one consisted of 53 patients. Concordance of
presurgical studies was defined as the results of ictal/interictal EEG
and functional neuroimaging were localized to the same epilepto-
genic lobe. We included only patients who received focal resection
and had a follow-up period of at least 2 years. The mean follow-up
period was 11.4 + 5.16 years for the old group and 4.2 + 1.65 years
for the new group. We excluded patients with epileptic surgery other
than focal resection, such as functional hemispherectomy or corpus
callosotomy. Patients with a medial temporal ictal onset zone were
excluded.

Presurgical evaluation

A multidisciplinary presurgical evaluation was performed. All pa-
tients underwent a thorough history taking and physical/neuro-
logical examinations. All patients underwent brain MRI using an epi-
lepsy protocol as described previously,'” MRI was performed on
1.5-T or, since 2003, 3-T systems. Our imaging protocol included 3
mm T2-weighted/fluid-attenuated inversion recovery oblique coro-
nal images and 1.5 mm T1-weighted three-dimensional magnet-
ization-prepared rapid acquisition with gradient-echo sequences.
An experienced neuroradiologist who was blinded to other presur-
gical evaluation findings viewed the MRI first. The secondary inter-
pretations were performed at a multidisciplinary case conference
based on data from video-EEG monitoring, FDG-PET, and ictal-inter-
ictal SPECT, if available.

Continuous video-EEG monitoring was performed in all patients,
to capture at least three habitual seizures. The international 10-20
system and additional anterior temporal electrodes were used for
scalp EEG monitoring. Interictal epileptiform discharges and ictal-on-
set rhythms were classified as localizing if they were confined to the
electrodes of the epileptogenic lobe. According to the ictal or pos-
tictal phenomenon including subjective symptoms during video-EEG
monitoring and the stereotypic history from medical records, we clas-
sified their semiology to localized, lateralized or not helpful.

If possible, functional neuroimaging studies were performed as
described previously. ™ FDG-PET during the interictal period (no seiz-
ures for more than 24 h) was performed in 143 patients. FDG-PET
images were assessed visually and using statistical parametric map-
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ping (SPM) analyses. Ictal and interictal SPECT was performed in 101
patients. Side-by-side visual analysis of interictal and ictal images
and a subtraction method were performed. The results of functional
neuroimaging studies were defined as localizing if the predominant
hypometabolic zone (FDG-PET) or the predominant hyperperfusion
area (ictal-interictal SPECT) was confined to the epileptogenic lobe.

After these noninvasive studies, extraoperative intracranial mon-
itoring was performed in all patients to define the resection margin.
We used combinations of subdural grids and strips. The placement of
the grids and strips was determined by the results of noninvasive
studies (video-scalp EEG monitoring, FDG-PET, and ictal-interictal
SPECT). We categorized the distribution of seizure onset as focal
(involving <5 adjacent electrodes), regional (involving <5 adjacent
electrodes), or widespread (involving >20 adjacent electrodes). The
ictal onset zone of extraoperative intracranial monitoring was de-
fined as the area with the first sustained rhythmic change in EEG that
was differentiated from the background and interictal waves. When
necessary, preoperative and intraoperative functional mapping and
intraoperative electrocorticography were performed.

Surgery and pathology

The ictal onset zone and the area with frequent interictal spikes

accompanied by persistent pathological delta slowing of extra-
operative intracranial monitoring were included in the resection area
(epileptogenic lobe), if possible. The resection margin was tailored to
the location of the eloquent cortex. All operations were performed by
one neurosurgeon (C. K. Chung). Tissue sections from operation were
immersed and fixed in 10% buffered formalin, embedded in paraffin,
and stained with hematoxylin and eosin, cresyl violet, and Bielscho-
wsky stain.

Surgical outcomes

Outcome status was assessed via outpatient clinical interviews.
The outcome was stratified according to Engel’s classification: class 1,
seizure free; class 2, >90% reduction; class 3, >50% reduction; and
class 4, <50% reduction or unchanged. The surgical outcomes and
follow-up duration were evaluated according to the most recent
medical record. The recent outcome of 89 patients in old group did
not change significantly as compared with previously reported out-
come (mean Engel's classification 2.17 vs. 2.22, p=0.759). Six pa-
tients in old group were improved and five patients were aggravated
according to the most recent medical record as compared with pre-
viously reported outcome.

Table 1. Characteristics of the two groups including 142 patients with nonlesional neocortical epilepsy

Old group (n = 89) New group (n = 53) pvalue
Male sex (%) 5 (61.8) 4 (45.3) 0.080
Age at surgery, mean (SD), years 26.6 (7.91) 28.1 (8.39) 0.265
Age at onset of nonfebrile seizure, mean (SD), years 13.1 (7.65) 13.9 (8.66) 0.556
Duration of epilepsy, mean (SD), years 13.5 (6.50) 14.4 (8.62) 0.483
Localized/lateralized semiology (%) 4 (60.7) 1 (58.5) 0.860
Resection of Temporal lobe (%) 1 (34.8) 3 (62.3) 0.002"
Complete resection, ictal onset zone (%) 2 (80.9) 8 (90.6) 0.154
Complete resection, interictal irritative zone (%) 0 (67.4) 0 (75.5) 0.346
Focal cortical dysplasia (%) 53/80 (66.3) 41/52 (78.8) 0.168
No. of presurgical evaluations,” mean (SD) 3.52 (0.605) 3.68 (0.471) 0.077
No. of patients with presurgical evaluation
FDG-PET 79 (88.8%) 3 (100%) 0.014"
Ictal/interictal SPECT 6 (62.9%) 36 (67.9%) 0.589
Mean concordance of presurgical evaluation,” mean (SD) 1.72 (1.138) 2.79 (0.689) <0.001"
Concordance, two or more
Total 48 (53.9%) 3 (100%) <0.001"
Neotemporal 24/31 (77.4%) 33/33 (100%) 0.004
Extratemporal 24/58 (41.4%) 20/20 (100%) <0.001"

“ctal scalp EEG, interictal scalp EEG, FDG-PET and ictal-interictal SPECT.

“statistically significant.

SD, standard deviation; FDG-PET, fluorodeoxyglucose-positron emission tomography; SPECT, single-photon emission computed tomography;

Neotemporal, neocortical temporal.
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Statistical analyses

Data storage and statistical analyses were performed using SPSS
software (19.0; IBM SPSS Statistics for Windows, Armonk, NY, USA).
Student's #test was used for the analysis of continuous variables.
The 5’ test or Fisher's exact test of independence was used for uni-
variate analyses. A stepwise multiple linear regression analysis was
performed for multivariate analyses. Statistical significance was set
at p<0.05.

Results

Patient characteristics

There were no differences in sex, age at surgery, onset of non-
febrile seizure, and disease duration between the old and the new
groups (Table 1). Among the 153 patients included in the study, the
mean age at surgery was 27.2 years (range, 7-56 years) and 55.6%
were male. The number of patients with localized or lateralized seiz-
ure semiology was not different between the two groups. After appli-
cation of the new strategy, resection of neocortical temporal lobe

Table 2. Surgical outcomes of patients before and after the implementation of the new selection strategy

Old group (n = 89) New group (n = 53) pvalue
Good outcome (EI-Ill) 3 (82%) 2 (98.1%) 0.003"
Neotemporal 27/31 (87.1%) 32/33 (97.0%) 0.190
Extratemporal 46/58 (79.3%) 20/20 (100%) 0.030*
Seizure free (El) 2 (47.2%) 0 (75.5%) 0.001"
Neotemporal 18/31 (58.1%) 27/33 (81.8%) 0.055
Extratemporal 24/58 (41.4%) 13/20 (65%) 0.077
“statistically significant.
Neotemporal, neocortical temporal.
Table 3. Predictors of surgical outcome in the 153 patients included in the study (univariate analysis)
Seizure free (n = 84) Persistent seizure (n = 69) pvalue
Clinical variables
Male sex (%) 5 (53.6) 0 (58.0) 0.586
Age at surgery, mean (SD), years 27.61 (7.967) 26.65 (8.049) 0.464
Age at onset of nonfebrile seizure, mean (SD), years 14.15 (7.832) 12.26 (8.094) 0.145
Duration of epilepsy, mean (SD), years 13.55 (7.884) 14.39 (6.946) 0.488
Localized/lateralized semiology (%) 2 (61.9) 42 (60.9) 0.896
Presurgical noninvasive studies
Interictal scalp EEG, localizing (%) 0 (47.6) 20 (29.0) 0.019"
PET, localizing (%) 58/82 (70.7) 23/61 (37.7) 0.000"
Ictal-interictal SPECT, localizing (%) 37/54 (68.5) 21/47 (44.7) 0.016"
Ictal scalp EEG, localizing (%) 70 (83.3) 40 (58.0) 0.001"
Concordance, two or more (%) 70 (83.3) 31 (44.9) 0.000"
Invasive studies
Focal onset pattern of invasive study (%) 40 (47.6) 28 (40.6) 0.412
Beta 46 (54.8) 45 (65.2)
Alpha 13 (15.5) 7 (10.1)
Onset frequency Theta 8 (9.5) 5(7.2) 0.510
Delta 6 (7.1) 7 (10.1)
Periodic spike and wave 11 (13.1) 5(7.2)
Surgery and pathology
Neotemporal resection (%) 46 (54.8) 20 (29) 0.002"
Complete resection, ictal onset zone (%) 71 (84.5) 57 (82.6) 0.827
Complete resection, interictal irritative zone (%) 64 (76.2) 43 (62.3) 0.077
Focal cortical dysplasia (%) 56/80 (70) 48/63 (76.2) 0.453

“statistically significant.

SD, standard deviation; EEG, electroencephalogram; PET, positron emission tomography; SPECT, single-photon emission computed tomography;

Neotemporal, neocortical temporal.
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Table 4. Variables associated with seizure free outcome in multivariate analyses

Variable Odds ratio 95% confidence interval pvalue
Concordance, two or more 5.612 1.612-19.538 0.007
PET, localizing 3.715 1.256-10.994 0.018

Adjusted age at surgery, age at onset of nonfebrile seizure, follow-up period, localized/lateralized semiology, localizing interictal EEG, localizing
ictal EEG, localizing PET, localizing ictal-interictal SPECT, resection of neocortical temporal lobe as independent variables.

PET, positron emission tomography.

Table 5. Localizing value of individual presurgical modalities according to the resected lobe in seizure-free patients (84 patients)

Interictal EEG Ictal EEG PET Ictal-interictal SPECT
Frontal (%) 12/25 (48) 22/25 (88) 11/24 (45.8) 10/17 (58.8)
Neotemporal (%) 23/46 (50) 38/46 (82.6) 41/45 (91.1) 22/26 (84.6)
Parietal (%) 0/4 1/4 (25) 2/4 (50) 1/3 (33.3)
Occipital (%) 5/9 (55.6) 9/9 (100) 4/9 (44.4) 4/8 (50)
Total (%) 40/84 (47.6) 70/84 (83.3) 58/82 (70.7) 37/54 (68.5)
pvalue® 0.307 0.024 <0.000° 0.054

®Fisher’s exact test.

EEG, electroencephalogram; PET, positron emission tomography; SPECT, single-photon emission computed tomography.

was increased (34.8% vs 62.3%; p=0.002). There were 53 cases of
cortical dysplasia in the old group and 41 cases in the new group. The
percentage of cortical dysplasia was not different between two
groups.

Presurgical evaluations and their concordance

The number of presurgical evaluations was not different between
patients of the new group and the old group (Table 1). However the
number of patients with FDG-PET was significantly high in the new
group (88.8% vs. 100%; p= 0.014). The mean concordance of pre-
surgical evaluations (range, 0-4) and the number of patients with
concordance between two or more evaluations were higher in the
new group compared with the old group. The concordance among
presurgical evaluations for extratemporal resection increased after
implementation of new strategy.

Surgical outcome according to the application of the
new strategy

Surgical outcome was improved after the application of the new strat-
egy (Table 2). In the old group, 73 (82%) patients had a good surgical
outcome (EI-Ill) and 42 (47.2%) patients were seizure free. Compared
with the old group, a higher percentage of patients in the new group had
a good surgical outcome (52 patients, 98.1%; p= 0.003), including 40
patients who were seizure free (75.5%; p=0.001).

Predictors of surgical outcome

The univariate analysis revealed that sex, age at surgery, age at
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onset of nonfebrile seizure, duration of epilepsy, and localized/later-
alized semiology were not significant prognostic factors of outcome
(Table 3). In terms of presurgical evaluation, localizing interictal scalp
EEG (p = 0.019), FDG-PET (p = 0.000), ictal-interictal SPECT (p =
0.016), and ictal scalp EEG (p=0.001) were associated with a seiz-
ure-free outcome. Concordance between two or more modalities
was also related to seizure-free outcome (p = 0.000). The parame-
ters of invasive studies, including onset pattern and onset frequency
of ictal discharge, were not related to surgical outcome. Neocortical
temporal location of surgical resection was a good prognostic factor
(0 = 0.002). Binominal multiple logistic regression identified only
two or more concordant modalities (p = 0.007) and localizing
FDG-PET (p = 0.018) as independent prognostic factors of seiz-
ure-free outcome (Table 4).

Localizing value of individual presurgical modalities according to
the resected lobe was estimated (Table 5). The localizing value of
FDG-PET was greatest in neocortical TLE. The predictive value of
noninvasive presurgical modalities was estimated (Supplementary
Table 1). FDG-PET showed higher positive predictive value (0.72)
rather than other modalities.

Discussion

There is an inherent difficulty in identifying the epileptogenic zone
in MRI-negative neocortical epilepsy, which leads to incomplete
resection. Until recently, only a minority of these patients were seiz-
ure-free after resection. Seizure-free outcomes range from 31% to
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70% for MRI-negative TLE and from 17% to 57% for MRI-negative
extratemporal lobe epilepsy.'®"
that seizure-free outcomes are 47% and 55% for MRI-negative TLE
and 41% and 43% for MRI-negative extratemporal lobe epilepsy,
respectively. A recent meta-analysis demonstrated that the seiz-
ure-free rates of nonlesional TLE and extratemporal lobe epilepsy
were 45% and 26%, respectively, which were significantly lower
compared with those observed in lesional epilepsies (72% and 53%,
respectively).’ In this study, we demonstrated improved surgical out-
come after application of the new selection strategy. The seizure-free
outcome increased from 47.2% to 75.5%. This is comparable with
that of the lesional epilepsy group.

We found that the complete resection of intracranial ictal onset
zone or significant interictal activities was not related with seiz-
ure-free outcome. There are some studies that demonstrated com-
pleteness of resection as a prognostic factor of epilepsy surgery.™'*"
This inconsistent result may be partially due to the different definition
of completeness of resection. They defined complete resection using
not only findings of intracranial EEG but also results of MRI'® or of
other presurgical evaluations.”

Because a subset of remote propagated electrographic seizures
represents independent initiation of secondary electrographic seiz-
ures indistinguishable from those at the local onset side,"® the focal
intracranial ictal fast activity does not necessarily mean the true ictal
onset zone." Even complete resection of the area with intracranial ic-
tal onset zone can cause poor surgical outcome when the hypothesis
is based on the wrong assumption which is derived from the less con-
cordant presurgical evaluations.

In addition to the concordance, each presurgical evaluation
(interictal scalp EEG, ictal scalp EEG, FDG-PET, and ictal-interictal
SPECT) was associated with seizure-free outcome. However, a multi-
variate analysis showed that FDG-PET and concordance were sig-
nificant prognostic factors.

Possible mechanisms of FDG-PET hypometabolism are as follows:
atrophy or partial volume effects, neuronal loss, hypometabolic
macro- or microscopic lesions, decreased synaptic activity, deaf-
ferentation because of reduced number of synapses, postictal meta-
bolic depression, and inhibitory mechanism of seizures.”” Compared
with the mechanism of ictal SPECT as a simple physiological change
accompanied by ictal discharges, most of possible mechanisms of
FDG-PET reflect the pathogenesis of epilepsy. In other words,
FDG-PET imaging can be regarded not only as functional, but also as
partial structural imaging. This can explain the independent prog-

Two large series™®" demonstrated

nostic value of FDG-PET found in our study. A recent study reported
that FDG-PET improved surgical outcome in focal cortical dysplasia
type IIB with negative MRI.”" Recent studies showed similar out-
come of epileptic surgery between medial temporal sclerosis group
and nonlesional temporal epilepsy group with localizing
FDG-PET.**? The predictive value of FDG-PET regarding seizure
freedom reached 86%.

FDG-PET and subtraction SPECT are valuable in the diagnosis of
MRI-negative neocortical epilepsy.”** However, in patients with in-
tracranial ictal onset zones located outside the temporal lobe, their
value is limited. FDG-PET and subtraction SPECT have localizing val-
ue in no more than half of patients, and occasionally yield false
localizations. The overall sensitivity of FDG-PET in FLE was reported
to be 46% to 96%.’ There is a correlation between the presence of
lesions on MRI and positive PET scan results. Localizing PET abnor-
malities can be found in only 29% to 45% of MRI-negative frontal
lobe epilepsy patients.'***”® Compared with FLE, FDG-PET is useful
in MRI-negative TLE patients. One study demonstrated that 26 out of
30 patients with TLE without hippocampal sclerosis had concordant
FDG-PET lateralization.” In our series, 41 out of 45 patients (91.1%)
with MRI-negative TLE showed correct localizing FDG-PET results
(Table 5). The high diagnostic value of FDG-PET in nonlesional TLE
may contribute to the high concordance of presurgical evaluations
and allow the recruitment of these patients for epilepsy surgery. The
higher proportion of patients with nonlesional TLE in the new group
was at least partly explained by the easy recruitment of these pa-
tients based on the higher concordance. Techniques such as
FDG-PET/MRI coregistration or SPM may yield better results com-
pared with visual analysis.”"*°

The localizing value of ictal scalp EEG has not been studied ex-
tensively in neocortical focal epilepsy. It frequently does not localize
(and can localize falsely) lesions in cases in which the focus is very cir-
cumscribed is located in the depths of a sulcus.>™* Many previous
studies used small numbers of patients or were confined to specific
epileptic syndromes. Two studies showed the clinical usefulness of ic-
tal surface EEG for neocortical epilepsies.®® Ictal scalp EEGs yield
correct localization in 50.2% of extratemporal epilepsy cases and
74.5% of neocortical TLE cases.™® We reported previously that 42%
of ictal scalp EEGs are localizable in neocortical epilepsy cases and
that 62% of patients have at least one localizable ictal scalp EEG.”
Short seizure duration, fast cortical spreading, and frequent muscle
artifact in seizures with early motor phenomenon, as well as the fact
that a large portion of the frontal lobe cortex is inaccessible to scalp
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electrodes, limit the value of scalp EEG in FLE.”

The diagnostic accuracy of ictal scalp EEG in our study was as high
as 83.3%. However, the role of ictal scalp EEG in MRI-negative epi-
lepsy is difficult to interpret because there should be a selection bias
resulting from the easier recruitment for surgery of patients with lo-
calized ictal EEG, especially in the absence of a structural lesion.

The correct rate of localization of interictal scalp EEG in our study
was 47.6%. The values were similar among FLE, neo-TLE, and PLE.
However, in PLE, no correct localization was possible. In our previous
study, interictal scalp EEG did not localize the epileptogenic lobe cor-
rectly in all 14 patients with PLE who became seizure-free after
surgery.” Interictal scalp EEGs in PLE were frequently normal or non-
lateralized, or even falsely localized to the temporal or frontal lobe in
PLE. Patients with focal interictal spikes in the neocortical epilepto-
genic areas are a minority.'**"*® Interictal scalp EEG identifies epi-
leptiform discharges in 60% to 80% of patients with FLE, but these
abnormalities have a lower localizing value compared with what is
observed in TLE.*******! The localizing value of EEG findings is high-
erin lateral FLE than it is in medial or basal FLE. The presence of focal
interictal spikes in MRI-negative epilepsy is associated with a good
surgical outcome.®" Poor outcome is predicted by the presence of
spikes distant from the resected lobe, multiple spikes, or generalized
spike-and-wave patterns.'**

In our series, the frequency of ictal discharge found on intracranial
electrodes was not related to surgical outcome. The relationship be-
tween the frequency detected by intracranial electrodes and surgical
outcome was controversial. A variety of electrographic intracranial
seizure onset patterns have been described."®** However, the first
electrographic change does not always indicate a true ictal onset
zone, and some patterns represent a propagated phenomenon.'**?
The surgical outcome depends strongly on the identification and
complete resection of a well-defined true epileptogenic zone.”*
Some studies suggested that focal fast activity at onset on intra-
cranial electrodes are associated with a favorable surgical outcome
in nonlesional extratemporal lobe epilepsy patients.**"’
postulated that electrodes showing a high frequency at seizure onset
might be close to the true ictal onset zone.”"*
ies reported contradictory results.'®'® Many propagation rhythms
were also within the fast frequency. It was hypothesized that a sub-
set of remote propagated electrographic seizures represented an in-
dependent initiation of secondary electrographic seizures that were
indistinguishable from those at the local onset site.'® Furthermore, it

[t has been

® However, other stud-
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was also important to resect areas with specific intracranial interictal
patterns, as well as the ictal onset zone, to obtain a good surgical
outcome.'® These findings might explain in part the controversial re-
sults regarding the relationship between the intracranial ictal onset
frequencies and surgical outcome.

In the future, it will be necessary to evaluate the possible roles of
the newly introduced techniques, such as high frequency oscillations
of EEG, diffusion tensor imaging, magnetoencephalogram (MEG), or
PET scans with new ligands. They may enhance the diagnostic con-
cordance and expand the number of surgical candidates.

This was the largest study based on epilepsy surgery of MRI-neg-
ative neocortical epilepsy patients performed to date. However,
there are some limitations of this study. We cannot exclude the ef-
fect of learning curve of surgeon and the multidisciplinary epilepsy
surgery team in spite we exclude the patients of very early period.
The improvement of equipment (i.e. the more use of 3T MRI in new
group while most patients in old group used 1.5T MRI) or processing
software can affect the results of presurgical evaluation and surgical
outcome. Although there were no significant change of re-evaluated
outcome of old group, the relatively short follow-up duration of new
group can be related to good outcome. We did not evaluate newly
introduced methods such as MEG that could possibly affect the deci-
sion of surgery and surgical outcome. Finally, the retrospective de-
sign of this study limits the power of findings.

Conclusions

In conclusion, the new selection strategy to select the MRI-negative
neocortical epilepsy patients with two or more concordant results of
presurgical noninvasive studies led to a significant increase in surgical
outcome (seizure-free outcome, 47.2% vs. 75.5%; p=0.001). Con-
cordance between two or more presurgical evaluations and localizing
PET were significantly related to a seizure-free outcome in a multi-
variate analysis. MRI-negative neocortical epilepsy patients with two
or more concordance between presurgical noninvasive studies seem
to be good candidates for nonlesional neocortical epilepsy surgery.
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