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Abstract

Based on intracranial-video electroencephalography (EEG), histopathological features, and postoperative
seizure outcome, we elucidated the epileptogenicity in patients with dysembryoplastic neuroepithelial
tumor (DNT). Five patients (P1-P5) pathologically diagnosed with DNT underwent intracranial-video
EEG to identify the ictal onset zone and irritative zone. We evaluated the correlations of ictal onset zone
and irritative zone with the magnetic resonance imaging-visible lesion (MRI-lesion) and their histopatho-
logical features. Intracranial-video EEG located the ictal onset zone adjacent to the MRI-lesion margin in
four patients with complex/simple forms of DNT subcategory, and on the MRI-lesion in P3 with a nonspe-
cific DNT form. The irritative zone extended to surrounding regions of the ictal onset zone in all patients.
Histopathologically, MRI-lesions were characterized by specific glioneuronal elements, whereas the ictal
onset zone and irritative zone were represented with dysplastic cortex accompanying oligodendroglia-
like cells in four (P1, P2, P4, and P5) of five patients. Cortical dysplasia was identified with typical histo-
pathologic features in the irritative zone remote from the MRI-lesion in P5. P3, with a nonspecific form,
indicated prominent component of dysplastic cortex with oligodendroglia-like cells scattered in the MRI-
lesion. Lesionectomy of MRI-lesion with additional cortical resections (including the ictal onset zone and
irritative zone) yielded postoperative seizure freedom (Engel Class I) in P3, P4, and P5, while P1 and P2
(with only lesionectomy) experienced postoperative residual seizure (Class II and III in each patient).
Our results suggest the intrinsic epileptogenicity of DNT. The topographical correlation indicated that
the dysplastic cortex accompanying oligodendroglia-like cells was more epileptogenic than the specific
glioneuronal elements itself. Meticulous intracranial-video EEG analysis delineating the MRI nonvisible
ictal onset zone and the irritative zone may yield better seizure outcome.
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Introduction DNT consists of a mixture of glial and neuronal

elements pathologically characterized by a specific

The highly epileptogenic dysembryoplastic neuroepi-  glioneuronal element with/without glial nodules
thelial tumor (DNT) arises from the cortical area of  and a multinodular architecture.” Oligodendroglia-
most frequently the temporal lobe at a young age.>®  like cells, a prominent constituent cell type of
specific glioneuronal element, are arranged along
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Mature neurons are unitarily dispersed in a mucoid
matrix.>®121% Daumas-Duport et al. have originally
described two histopathologic forms of DNT: simple
and complex.®® The former exhibits only specific
glioneuronal element,®® while the latter contains
specific glioneuronal element as a main feature
and multinodular architecture of glial nodules
resembling astrocytomas, oligodendrogliomas, or
oligoastrocytomas.>® The foci of cortical dysplasia
are commonly located in the adjacent brain sites
of both forms.® Previous studies have reported that
the epileptogenicity of DNT may be attributable to
coexisting cortical dysplasia'¥'7:2420); however, the
precise localization of epileptogenicity remains
unclear to date.!” The option of adopting a surgical
strategy for DNT-related intractable epilepsy is still
controversial: some advocate that lesionectomy of
a DNT lesion is enough to remit seizures,51%:16)
while others prefer an extended resection associ-
ated with the epileptogenic cortex for better seizure
Outcome'4,14,17,23,24,28,27)

Previous data on intraoperative electrocor-
ticography (ECoG) showing active interictal
spiking in the cortical areas adjacent to the DNT
lesion appear to support the extended resection
strategy.®1417:2627) Few studies have evaluated the
correlation between DNT and epileptogenic foci
using extraoperative ECoG.'*? The epileptogenic
foci corresponding to either the ictal onset zone
or irritative zone were not located within the DNT
lesions, rather they were detected more frequently
in the cortex nearby.

Hitherto, studies on correlations between the
interictal/ictal ECoG findings and cortical topography
of histopathologic elements associated with DNT
have not been attempted.*”'? In this retrospective
study, we correlated the histopathologic findings of
DNT, including the magnetic resonance imaging-
visible lesion (MRI-lesion) and the surrounding
tissues of the ictal onset zone and irritative zone
acquired in DNT patients, who had undergone
epilepsy surgery via extraoperative intracranial-video
electroencephalography (EEG) monitoring.

Patients and Methods

I. Patients

We enrolled five male patients (P1-P5) who had
undergone epilepsy surgery secondary to DNT between
April 2003 and March 2009. Table 1 provides a
summary of the clinical profiles of patients (age
range: 11-41 years; mean: 23 years). Their seizure
durations ranged from 15 months to 19 years (mean:
14.3 years). Four patients (P1, P2, P3, and P5; with
P3 suffering from auditory seizure) had clinical

histories and ictal symptoms of partial seizures
with secondary generalization, while P4 suffered
from only partial seizures. Although other patients
experienced one or more seizures per month, P3
had daily seizures. All patients themselves or their
next-of-kin gave informed consent.

In presurgical evaluation, all patients underwent
MRI, prolonged scalp-video EEG (SVEEG) monitoring,
magnetoencephalography (MEG), neuropsychological
examination, and the Wada test for determining the
language-dominant hemisphere. Preoperative MRI was
performed using a 1.5T MRI (Signa or Signa Horizon,
GE Medical Systems, Waukesha, Wisconsin, USA). The
epilepsy protocol included the following sequences:
axial T -weighted; axial and coronal T,-weighted; as
well as axial and coronal fluid-attenuated inversion-
recovery (FLAIR). Gadolinium-based contrast was
injected intravenously in all patients.

We performed prolonged SVEEG (BMSI 4000 and
6000, Nicolet Biomedical Inc., Madison, Wisconsin,
USA) with the International 10-20 scalp-electrode
placement system using a single reference elec-
trode and sphenoidal electrodes whenever neces-
sary. We studied MEG using the Neuromag System
(a whole-head 306-channel type, Elekta-Neuromag
0.Y., Helsinki, Finland) including 204-channel
planar gradiometers. MEG data were analyzed with
an equivalent current dipole (ECD) model to locate
the epileptic spike sources.

II. Extraoperative intracranial-video EEG

We performed extraoperative intracranial-video EEG
in all patients for 5-9 days to localize the epileptic
zone and map the functionally eloquent areas. After
craniotomy, a subdural grid electrode was placed
accordingly. The area covered was decided based
on MRI findings, interictal/ictal SVEEG results,
sites of MEG spike sources, and clinical symptoms.
Contiguous monitoring of the neocortical areas or
mesiobasal temporal regions was done through the
placement of adjacent electrodes without leaving any
intervening unsampled cortical area. We defined the
ictal onset zone as a site where low-amplitude fast
waves or rthythmic spikes were initiated preceding
clinical behavior,? and the irritative zone is a
site where synchronized spike discharges at three
or more intractanial electrodes were interictally
recorded.’® The epileptic zones on intracranial-
video EEG were defined as the ictal onset zone
and irritative zone. We used the following types
of intracranial electrodes (Unique Medical, Tokyo)
for recording: grid electrode, strip electrode, depth
electrode, and mesial temporal type electrode. The
mesial temporal type electrode for monitoring the
mesial and basal temporal regions recorded the two
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four-contact arrays with an orthogonal axis: distal
part for the mesial temporal region and proximal for
the strip electrodes. The depth electrode was directly
inserted into the hippocampus or MRI-lesion, when
and where necessary. The extents of ictal onset zone
and irritative zone were evaluated by the number
of electrodes involved.

III. Localization of intracranial electrodes: posi-
tioning by using digital camera-derived intraop-
erative images and MRI-based three-dimensional
reconstruction

We performed intracranial electrode positioning by
using digital camera-derived intraoperative images
according to the methods described previously.??
A digital camera image of the brain surface was
first obtained (Fig. 1A) before procuring another
image after the intracranial electrodes were placed
(Fig. 1B). Based on the results of intracranial-video
EEG monitoring, we mapped out an epileptic

Fig. 1 Localization of the intracranial electrode positions
by using digital camera-derived intraoperative images
and magnetic resonance imaging (MRI)-based three-
dimensional reconstruction in P1. A: Brain surface at
the first craniotomy shows a white-tinged cortical lesion
corresponding to the MRI-visible lesion (M: MRI-lesion,
T: temporal lobe, F: frontal lobe, P: parietal lobe). B: An
image of the brain surface after intracranial electrode
positioning. The electrodes were marked as crosses for
the ictal onset zones and white-filled dotted circles for
the irritative zones.

zone (ictal onset zone and irritative zone) and
the functional site on the digital camera-acquired
image. All five patients had MRI studies after
intracranial-video EEG monitoring to elucidate the
positional relationships between the MRI-lesion
and intracranial electrodes in a two-dimensional
(2D) fashion. Furthermore, the three-dimensional
(3D) surface reconstruction of patient’s individual
brain was created to provide visual correlation
between each intracranial electrode position and
the corresponding cortical area and the MRI-lesion.
To obtain 3D brain volume data, we used spoiled
gradient recalled acquisitions in the steady state.
From such MRI data, we manually segmented the
brain voxels (1 mm?® voxels) and calculated the
volume derived from segmented voxels rendering
the brain image. We manually plotted locations
of the electrode contacts (represented by small
circles) and the MRI-lesions (represented by dotted
lines if the lesion was deep-seated) on the recon-
structed brain surface by comparing the digital
camera-acquired images and 2D MR images. This
reconstruction fused with the plotted electrodes
and the MRI-lesion allowed accurate identification
of the MRI-lesion, ictal onset zone, and irritative
zone sites (Fig. 2).

IV. Surgical procedures and histopathologic studies

Our surgical strategy for the DNT-related epilepsy
adopted lesionectomy with additional and possibly
complete cortical resection of the epileptic zone.
In this study, the term “lesionectomy” implied
resection of the MRI-lesion, and the term “cortical
resection” meant resection of the epileptic zone
including the ictal onset zone and irritative zone
(as defined before). The final extent of cortical
resection was based on the results of intracra-
nial-video EEG and the location of functionally
eloquent areas.

After the second craniotomy, nondisplacement
of the intracranial electrode positions on the
brain surface was confirmed by comparing with
the digital camera-acquired image (taken in the
first craniotomy and MRI-based 3D reconstruction
images fused with the electrodes described above).
On removal of the electrodes, the ictal onset zone
and irritative zone were demarcated with a white
suture encircling the brain surface sites where
electrodes had previously been placed. We tried
en bloc resection of the MRI-lesion (note that the
resected tissue bloc varied in size and number
with the surgical procedures adopted for each
patient). The tissues were accordingly labeled as
MRI-lesion, ictal onset zone, and irritative zone.
Two patients (P4 and P5) with mesial temporal



Neurologia medico-chirurgica Advance Publication Date: September 27, 2013

Electrocorticographic-Histopathologic Correlations for DNT 5

Fig. 2 Reconstructed brain surface shows magnetic resonance imaging-visible lesions (MRI-lesions) (dotted circles),
superimposed ictal onset zone and irritative zone-related intracranial electrodes (ictal onset zones marked with
crosses; irritative zones marked with white-filled dotted circles), and resected area (blue circles). A (P1): Ictal
onset zones were present at the spuramarginal gyrus and angular gyrus adjacent to the MRI-lesion, while irritative
zones were distributed more extensively (surrounding the MRI-lesions). B (P2): Ictal onset zones were present at
the middle temporal gyrus and angular gyrus adjacent to the MRI-lesion, while irritative zones were distributed
more extensively (surrounding the MRI-lesions). C (P3): The ictal onset zones and irritative zones were present
within the surface of the MRI-lesion and contiguously extended to areas adjacent to the gyri. D (P4): Ictal onset
zones were present at the parahippocampal gyrus adjacent to the MRI-lesion, while irritative zones were distrib-
uted more extensively (including basal and lateral temporal regions). E (P5): Ictal onset zones were present at
the parahippocampal gyrus adjacent to the MRI-lesion, while irritative zones were distributed more extensively
(including basal and lateral temporal regions and basal frontal regions). Pathological features of different resected
area in the same patient corresponded well to specific glioneuronal elements with (P5) or without (P1, P2, and
P4) astrocyte proliferation and calcification (asterisk), dysplastic cortex accompanying oligodendroglia-like cells
(double asterisks), and normal looking cortex (triple asterisks). Such pathological findings of a gradual transi-
tional form are demonstrated in Fig. 4.

DNT underwent resection of the mesial structures V. Seizure outcome

due to the hippocampal involvement of DNT. The postoperative seizure outcome was graded
Tissues were then fixed with phosphate-buffered  according to the Engel’s classifications: free of
20% formalin and embedded in paraffin wax disabling seizures (Class I); rare disabling seizures
before 5-pm-thick sections were serially cut and  (Class II); worthwhile improvement (Class III); or
stained with hematoxylin and eosin or Kliiver- no worthwhile improvement (Class 1V).?

Barrera stain.
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Results

I. MRI, prolonged SVEEG, and MEG findings

All five patients underwent MRI examinations (Table 1).
The MRI-lesions were present in the lateral temporal
region of three (P1, P2, and P3) and in the mesial
temporal region of two patients (P4 and P5). The
lesions were characterized with T,-weighted and
FLAIR hyperintensity with well-defined borders to the
surrounding cortex and multinodular in three patients
(P1, P2, and P4) (Fig. 3A), a slightly indistinct border
to the surrounding cortex (Fig. 3C) was observed in
one patient (P3), and a heterogeneous multicystic
pattern (Fig. 3D) was noted in another patient (P5).

Based on the results (Table 1), prolonged SVEEG
localized interictal epileptiform discharges (corre-

Fig. 3 A: An axial T,-weighted image portrays a
multinodular lesion with well-defined hyperintensity
in the left superior and middle temporal gyri in P1
(see Fig. 1). B: Equivalent current dipoles (ECDs) of
interictal magnetoencephalography spikes superimposed
on the reconstructed brain surface in P1 (see Fig. 1).
Note that the ECDs were clustered posterior to the
magnetic resonance imaging (MRI)-visible lesion. C:
MRI in P3 reveals T,-weighted hyperintensity lesions
with a slightly indistinct border in the right superior
to middle temporal gyri. D: Coronal fluid-attenuated
inversion-recovery image of P5 shows a heterogeneous
hyperintensity lesion with a multicystic component and
slightly indistinct border involving the left anterior to
mesial temporal, insula, and basal frontal regions.

sponding anatomically to the location of MRI-lesion)
in P2, P3, and P5. One patient (P4) had independent
epileptiform discharges from the bilateral anterior
temporal and subtemporal regions. Generalized
epileptiform discharges occurred in one patient
(P1). Seizure onsets occurred independently in the
bilateral anterior temporal and subtemporal regions
in one patient (P4), although the seizure semiology
was consistent in all seizures. P1 had nonlocalized
ictal onset zones with diffusely rhythmic bilateral
synchronous discharges.

In distributions of the ECD cluster area on MEG
in relation to the MRI-lesion (Table 2), three patients
(P1, P2, and P5) manifested single ECD clusters.
Two patients (P1 and P2) displayed the ECD clusters
contiguously extended to the MRI-lesions (Fig. 3B).
P5 with MRI-lesion in the mesial temporal region
exhibited an ECD cluster with horizontal moment in
the anterior temporal region. No MEG spikes were
recorded in the other two patients (P3 and P4).

II. Epileptic zones on intracranial-video EEG in
correlation to the MRI-lesions

All patients underwent intracranial-video EEG
before lesionectomy with/without additional cortical
resection. Table 2 shows the correlations between
the MRI-lesion with intracranial-video EEG findings.
Subdural grid electrodes were used in all patients.
Supplemental electrodes were used in two patients
for intracranial-video EEG in the mesial temporal
structures (P4 and P5), and in the basal frontal
region and insular cortex (P5). Intracranial-video
EEG localized the ictal onset zone and irritative
zones in all patients. Four patients (P1, P2, P4, and
P5) had ictal onset zones where the distributions
were limited to the adjacent gyrus or two gyri to the
MRI-lesion (Fig. 2A, B, D, E). P3, whose pathologic
diagnosis of the resected specimen was that of a
nonspecific form of DNT, indicated ictal onset zone
distributions different from those of the other four
patients. The ictal onset zone in P3 was located
within the MRI-lesion and extended contiguously
to the adjacent gyri (Fig. 2C). The number of ictal
onset zone-related electrodes ranged between 3 and
8 (Table 2). Irritative zones in all patients overlapped
with the ictal onset zones, albeit they extended
more contiguously beyond the ictal onset zone and
MRI-lesions (Fig. 2A-E). The number of irritative
zone-related electrodes ranged between 11 and 31.

III. Histopathologic findings and their correlations
to intracranial-video EEG and MRI
Histopathological examination of surgical specimens
revealed that the lesions in four of five patients showed
characteristics typical of DNT (Table 2); the lesions
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Fig. 4 Photomicrographs of the simple form (A-D) in P1, complex form (E-G) in P5, and nonspecific form (H-J)
in P3 with a dysembryoplastic neuroepithelial tumor are indicated. A low-power view demonstrates a gradual
transition from the specific glioneuronal elements (asterisk) to normal-looking cortex (triple asterisks) via the
dysplastic cortex (double asterisks). A higher-power view of the specific glioneuronal element portrays oligodendro-
glia-like cells with a floating neuron (arrow) (B), the dysplastic cortex with several oligodendroglia-like cells and
vacuolated neuropils (C), and relatively well-preserved cortical areas (D). The areas of the specific glioneuronal
element and dysplastic cortex correspond well to the magnetic resonance imaging-visible lesion (MRI-lesion) and
ictal onset/irritative zones, respectively. Areas of astrocyte proliferation (E) and calcification (F) correspond well
to the ictal onset/irritative zones adjacent to the MRI-lesion. A low-magnification view (G) of the lateral temporal
cortex indicates architectural abnormalities. The cortex corresponds to the irritative zone, apart from the MRI-
lesion. A nodular cortical lesion showing dysplasia with several oligodendroglia-like cells but lacking mucinous
background is observed (H). Proliferation of astrocytic cells with hyperchromatic nucleus and processes (I) is
noted. A superficial cortical layer shows astrocytic cells with increased cellularity (J). The lesions correspond
well to the MRI-visible lesions and ictal onset/irritative zones. Staining with the Kliiver-Barrera reagent (A, G)
and hematoxylin and eosin reagent (B-F, H-J) were performed accordingly. The bar (J) represents 170 pm (A),
40 pym (B-D), 80 pm (E and I), 160 pm (F and J), 800 pm (G), and 320 pm (H), respectively.

in three patients (P1, P2, and P4) were categorized
as the simple form,*® where the specific glioneuronal
element was observed as a predominant feature
(Fig. 4A-D). Within the lesion in P5, nodular prolifera-
tion of astrocytes resembling astrocytoma (Fig. 4E) and
marked calcification (Fig. 4F) were evident; that is,
features compatible with those of the complex form.>®

In correlations of MRI with intracranial-video
EEG in these patients (Table 2), MRI-lesions indi-

cated specific glioneuronal elements with (P5) or
without (P1, P2, P4) astrocyte proliferation and
calcification. We have composited maps of four
patients (P1, P2, P4, and P5) in Fig. 2 to correlate
the resection area (MRI-lesion, ictal onset zone, and
irritative zone) to histopathological findings. The
ictal onset zones detected in the cortex adjacent to
the MRI-visible specific glioneuronal element lesions
were histopathologically composed of dysplastic
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cortex with a variable number of oligodendroglia-
like cells (Fig. 4A, C). Moreover, irritative zones
covering the ictal onset zones and surrounding areas
histopathologically corresponded to the dysplastic
cortex and their contiguous normal-looking cortical
areas (Fig. 4A, D). In P5 (with complex form DNT
and specific glioneuronal element), astrocyte prolif-
eration and calcification were also evident in the
ictal onset zone (Fig. 4E, F). Additionally, cortical
dysplasia without oligodendroglia-like cells (Fig. 4G)
was observed in the lateral temporal region corre-
sponding to the irritative zone (apart from the
MRI-lesion in P5).

In P3, the MRI-lesion showed unusual features;
namely, multiple small nodules composed of oligo-
dendroglia-like cells within both the cortex and
subcortical white matter were evident. The features
of nodules did not seem to match the characteristics
of specific glioneuronal element, because they lacked
mucinous background and floating neurons (Fig. 4H).

However, astrocytic cells with hyperchromatic
nuclei and fine processes were observed diffusely
with a slight increase in cellularity in the cortex
(Fig. 4I), superficial cortical layer (Fig. 4J), and
subcortical white matter. No features suggestive of
malignancy were evident. Based on the features,
we regarded this case (P3) as a DNT-nonspecific
form,” where the ictal onset zone and irritative
zone were identified within and beyond the MRI-
lesion. No histopathologic differences in the areas
corresponding to the ictal onset zone, irritative
zone, and MRI-lesion (Table 2) were observed. The
hippocampus taken from two patients (P4 and P5)
showed no sclerosis.

IV. Surgical procedures and seizure outcome

Follow-up periods ranged from 34 to 104 months
(mean: 75 months) (Table 2). Three patients experi-
enced no seizures after surgery (Engel Class I); two of
three (P3 and P4) patients underwent total lesionec-
tomy, and one (P5) underwent partial lesionectomys;
complete removal of ictal onset zones and irritative
zones were performed in all cases. However, in
the remaining two patients (P1 and P2), where the
MRI-lesion was totally resected (total lesionectomy)
without complete removal of the ictal onset zone
and irritative zone due to the functionally eloquent
cortex, they experienced residual seizures (Engel
Class II and III) after surgery.

Discussion
I. Intracranial-video EEG and histopathologic

correlations implying epileptogenicity of DNT
In this study, we evaluated precise correlations

between the cortical topography of histopathologic
findings and the epileptic zones of ictal onset zone
and irritative zone using extraoperative intracranial-
video EEG in patients with DNT.
Electrographically, MRI-lesion was nonresponsive
or less active than the surrounding cortex, which
was responsible for the epileptic zones of ictal
onset zone and irritative zone in four patients (P1,
P2, P4, and P5) with simple or complex forms.
There was cortical topography of histopathologic
features which correlated to the MRI-lesion, and
epileptic zones of ictal onset zone and irritative
zone. The main component of MRI-lesions was the
specific glioneuronal element with or without glial
component and calcifications. The specific glioneu-
ronal element formation became less apparent in
the surrounding cortex with an ictal onset zone,
and alternatively dysplastic cortex appeared with
less intermixed oligodendroglia-like cells. Further
transition was observed from the dysplastic cortex
to the well-preserved cortex in the irritative zone.
These results may suggest intrinsic but different
epileptogenicity in the cortical topography of DNT
pathology, which encompasses not only the MRI-
lesion but also the MRI-nonvisible epileptic zones.
As for less excitable specific glioneuronal element,
the main component of MRI-lesion with lazy
electrical activity on intracranial-video EEG may
be related to immature neuronal differentiation
of oligodendroglia-like cells, which are derived
from progenitor cells capable of both neuronal
and glial differentiation.!*'? Previous ultrastruc-
tural observations have demonstrated that most
oligodendroglia-like cells possess a small number of
slender processes with deficient synapse formation,
while mature neurons with synapse formation are
small in number.’**® However, dysplasic neurons
are highly epileptogenic in association with ECoG
hyperexcitability.? Boonyapisit et al. have elucidated
direct ECoG-histopathologic correlations to assess
the epileptogenicity expression of focal cortical
dysplasia.?) Accordingly, they showed a different
expression of epiletogenicity in various pathological
types of cortical dysplasia. Ictal onset was not found
in Type-IIB regions (characterized with balloon cells),
despite the presence of severe cortical architectural
disorganization and numerous dysmorphic neurons.
The most interictal and ictal changes were seen in
Type-IIA regions, where the presence of dysmor-
phic cells and architectural disorganization were
apparent. Ictal onset zones were also observed in
the Type-I region with the presence of architectural
disorganization of the cortical layers but without
dysmorphic neurons or balloon cells.? Balloon cells
containing cortical dysplasias are characterized with
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a signal increase on the FLAIR image, whereas other
subtypes of cortical dysplasia are less likely to be
MR positive.? Thus, no preoperative MRI correlates
are found in terms of epileptogenicity in patients
with cortical dysplasia. These results are analogous
to our findings, suggesting that intraoperative or
extraoperative electrocorticogrpahy is required for
epileptogenic localization beyond the MRI-lesion
in patients with DNT.

P5 had typical cortical dysplasia in an irritative
zone remotely sited from the MRI-lesion. In this
study, we differentiated the dysplastic cortex in the
ictal onset zone and irritative zone from typical
cortical dysplasia. The dysplastic cortical areas in
the ictal onset zone and irritative zone were inter-
mixed with oligodendroglia-like cells, which are
the main constituent cells of specific glioneuronal
element!!1219 albeit typical cortical dysplasia lacks
other histopathologic components of DNT (e.g.,
oligodendroglia-like cells).1*19-2Y) Previously, foci
of cortical dysplasia have been found in speci-
mens surgically taken from DNT patients.!*17:2427
Previous studies may not have strictly differentiated
dysplastic neurons with intermixed oligodendro-
glia-like cells from typical cortical dysplasia. We
attributed the adequate differentiation to locating
the intrinsic epileptogenicity of DNT, including
the MRI-lesion and surrounding cortex with MRI-
negative and DNT-related histopathologic changes
(i.e., excluding cortical dysplasia). The ictal onset
zone was not found coexisting with typical cortical
dysplasia in P5, although localizing this lesion
would not be achieved without intracranial-video
EEG examination.

In P3 with the nonspecific form DNT, the ictal
onset zone and irritative zone were identified within
the MRI-lesion, where the dysplastic cortex with
oligodendroglia-like cells was evident. The histo-
pathologic features were similar to those of ictal
onset zone and irritative zone in the other four
patients with simple/complex forms DNT (P1, P2,
P4, and P5). As depicted by Daumas-Duport, DNT
is a glioneuronal tumor with a wide spectrum of
features.’” In this tumorous lesion, intracranial-video
EEG examination was essential for determining the
precise epileptogenic location.

II. Surgical treatment of DNT

In this study, total lesionectomy of the MRI-lesion
with additional and possibly complete cortical resec-
tion (including ictal onset zone and irritative zone)
yielded postoperative seizure freedom (Engel Class I)
in three patients. The remaining two patients with
lesionectomy per se experienced residual seizure
after surgery (Class II and III in one each).

Consensus about the surgical strategy for DNT-
related intractable epilepsy has not been established.
Several studies support a simple lesionectomy for
seizure control based on their seizure freedom rate,
although it fluctuates widely between 50% and
90%.10101% Nolan et al. have evaluated the prog-
nostic features for seizure recurrence in 26 children
with DNT.*® A 12-month follow-up indicates that
22 children (85%) establish relief of Class I, while
residual tumor on postoperative MRI poses as a
significant risk factor for poor seizure outcome.®
In recent years, others have tended to prefer an
extended surgery with ECoG-guided cortical resection
for better outcome.*?7:242527) They have accomplished
ca. 100% (between 90.5% and 100%) of seizure-free
rate after extended surgery with the aid of ECoG
and/or intracranial-video EEG.

Considering the efficacy of simple lesionectomy,
it is important to appropriately and analogously
define “lesionectomy.” We defined “lesionectomy” as
a resection of the MRI-lesion in the present study.
Some authors may define it as gyrectomy; that is,
including the tumor and surrounding cortex in the
same gyrus.'”?”) Note that gyrectomy resecting the
peritumoral epileptogenic cortex (ictal onset zone and/
or irritative zone) can lead to a favorable outcome.

However, the irritative zone is distributed exten-
sively beyond the boundary of sulci, and the histo-
pathologic abnormality may also extend continuously
from the main component of MRI-lesion, as noted
in this study. Moreover, the foci of typical cortical
dysplasia were detected even in the cortex remote
from the MRI-lesion. Cortical dysplasia has been
frequently detected from the temporal lobe isolated
by standard temporal lobectomy in patients with
DNT.?” Our study supports extended surgery that
includes the MRI-nonvisible epileptogenic cortex
with intracranial-video EEG monitoring.

Conclusions

Intracranial-video EEG demonstrated that the ictal
onset zone and irritative zone were responsible for
epileptogenicity in patients with DNT. Both ictal
onset zone and irritative zone were located in the
cortex adjacent to the margin of the MRI-lesions.
Histopathologic findings of the ictal onset zone and
irritative zone revealed that the zones were char-
acterized with dysplastic cortex accompanying a
variable number of oligodendroglia-like cells with or
without astrocyte proliferation. Both zones were not
found in the MRI-lesions. The cortical topography
of DNT-related histopathology suggested intrinsic
epileptogenicity of DNT. Intracranial-video EEG
analysis is warranted to demarcate the appropriate
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resection areas for excellent surgical outcome.
In view of the small number of patients, further
investigation is obviously needed to clarify these
findings.
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