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Purpose: We report three cases of dysembryoplastic neuroepithelial tumor (DNT) with intractable epilepsy
which were successfully treated with surgery.
Methods: In all cases, technology beyond the routine workup was critical to success. Preoperative magnetic res-
onance imaging, 18F-fluorodeoxyglucose positron emission tomography (PET), 11C-methionine-PET, interictal
electroencephalography, and intraoperative electrocorticography were utilized in all patients. In individual
cases, however, additional procedures such as preoperative magnetoencephalography (Case 1), diffusion tensor
fiber tractography, a neuronavigation system, and intraoperative somatosensory-evoked potential (Case 2), and
fiber tractography and the neuronavigation-guided fence-post tube technique (Case 3) were instrumental.
Results: In all the cases, the objectives of total tumor resection, resection of the epileptogenic zone, and complete
postoperative seizure control and the avoidance of surgical complications were achieved.
Conclusions:Dysembryoplastic neuroepithelial tumor is commonly associatedwithmedically intractable epilep-

sy, and surgery is frequently utilized. As DNT may arise in any supratentorial and intracortical locations within
or near the critical area of the brain, meticulous surgical strategies are necessary to avoid neurological deficits.
We demonstrate in the following three cases how adjunct procedures using advanced multitechnologies with
neuroimaging and electrophysiological examinations may be utilized to ensure success in DNT surgery.
© 2013 The Authors. Published by Elsevier Inc. All rights reserved.
1. Introduction

Dysembryoplastic neuroepithelial tumor (DNT), first described by
Daumas-Duport et al. [1], is, under the current World Health Organi-
zation (WHO) classification, a low-grade glioneuronal tumor causing
intractable complex partial seizures [2]. Complete resolution of sei-
zures in a large percentage of both adult and pediatric patients is
achieved with surgery [3–8]. Though the primary objective of surgery
is complete seizure control without anticonvulsant therapy, the preven-
tion of recurrent disease and the diagnosis of malignant transformation
are also goals of surgical resection [9]. Thewidespread surgical treatment
of epilepsy due to DNT has, however, been criticized because surgery
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carries a nonnegligible risk of surgical sequelae including neurological,
cognitive, and neuropsychological impairment. Guidelines regarding
the preoperative evaluation and intraoperative determination of the ex-
tent of resection have not been standardized. Magnetic resonance imag-
ing (MRI), 11C-methionine positron emission tomography (MET-PET),
and 18F-fluorodeoxyglucose (FDG)-PET are routinely used at our institu-
tion preoperatively to assess the morphology and metabolism of brain
tumors with epileptogenicity in addition to interictal electroencephalog-
raphy (EEG). Additionally, electrocorticography (ECoG) is also used in-
traoperatively to detect the epileptogenic zone (EZ).

We report three cases of DNT with intractable epilepsy, successfully
treated with surgery, in which not only imaging functional studies but
also advanced neurosurgical technologies were critical for planning and
supported the role for surgery. These interventions included preop-
erative magnetoencephalography (MEG) (Case 1), fiber tractography
obtained fromdiffusion tensor imaging (DTI), a neuronavigation system,
and intraoperative somatosensory evoked potential (SEP) (Case 2) and
fiber tractography and the neuronavigation-guided fence-post tube
technique (Case 3) (Table 1).

The medical equipment used in these cases were MRI (Signa, GE
Healthcare, Milwaukee, Wisconsin, USA and Achieva 3.0 T, Philips,
served.
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Table 1
Clinical summary of the three cases of DNT.

Case no. Age
(years)

Sex Preoperative duration
of epilepsy

Tumor
location

Tumor size
(cm)

ME used preope. ME used
intraoperatively

Surgery Extent of tumor
resection

Surgical
complications

Engel
class

1 43 F 20 years Left temporal lobe 1.8 × 1.8 × 1.8 MRI
EEG
MET-PET
FDG-PET
MEG

ECoG First Total None I

2 5 F 4 months Left frontal lobe 3.0 × 3.0 × 4.0 MRI
EEG
MET-PET
FDG-PET
TG

ECoG
SEP
NNS

First Total None I

3 10 F 4 years Left temporal lobe 6.5 × 5.0 × 4.0 MRI
EEG
MET-PET
FDG-PET
TG

ECoG
NNGFPT

Second Total None I

ME = medical equipment; MRI = magnetic resonance imaging; EEG = electroencephalography; MET-PET = 11C-methionine positron emission tomography; FDG-PET =
18F-fluorodeoxyglucose positron emission tomography; MEG = magnetoencephalography; TG = tractography; ECoG = electrocorticography; SEP = somatosensory-evoked potential;
NNS = neuronavigation system; NNGFPT = neuronavigation-guided fence-post tube technique.
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The Netherlands), PET (GE, Yokokawa Medical System, Hino, Tokyo,
Japan and Eminence Stargate, Shimadzu, Kyoto, Japan), neuronavigation
system (VectorVision, BrainLab, Munchen, Germany), SEP/EEG/ECoG
(Neuropack X1, Nihonkohden, Tokyo, Japan), and MEG (Elekta
Neuromag, Helsinki, Finland). Magnetoencephalography in Case 1
was performed at Komaki City Hospital.

2. Case report

2.1. Case 1

The patient, a 43-year-old woman, presentedwith a 20-year histo-
ry of complex partial seizures occasionally followed by generalized
tonic–clonic convulsive seizures. Despite treatment for over two
years with multiple anticonvulsants, she continued to have seizures
Fig. 1. Case 1. T1WI showing a relatively well-demarcated, small hypointensity mass lesion
low uptake in MET-PET (fused with T1WI) (C) and hypo-uptake in FDG-PET (D). Preoperat
Postoperative T1WI showed the tumor to be totally resected (G and H).
several times a month. Her MRI showed a relatively well-demarcated,
small, mass lesion (1.8 × 1.8 × 1.8 cm) in the left medial temporal
lobe, which presented with hypointensity on a T1-weighted image
(T1WI), hyperintensity on T2WI, hypointensity with a surrounding high
intensity ring in fluid attenuated inversion recovery (FLAIR), no gadolin-
ium (Gd) enhancement, low uptake in MET-PET, and hypo-uptake in
FDG-PET (Figs. 1A, B, C, and D). Preoperative interictal EEG
did not show any significant epileptogenic activity. Preopera-
tive interictal MEG, however, showed clustered dipoles in the re-
gion lateral to the tumor (Figs. 1E and F). A combined total tumor
resection and left anterior temporal lobectomy was performed.
Intraoperative ECoG monitoring was used to verify complete resection
of the EZ, which was defined as the peritumoral region with interictal
spikes on the intraoperative ECoG (Figs. 1G and H, 2A and B). Epi-
leptiform discharges, which emerged on ECoG before resection of
in the left medial temporal lobe in axial (A) and coronal (B) images. The tumor shows
ive interictal MEG shows clustered dipoles in the region lateral to the tumor (E and F).
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the lesion, disappeared after lesion resection (Figs. 2C and D).
There were no surgical complications. The tumor was histologically
diagnosed as a DNT. The patient was continued on anticonvulsants
for 12 months postoperatively. Following cessation of the anticon-
vulsants, she remained seizure-free as of nine years following sur-
gery. Postoperative interictal EEGs have not shown any significant
epileptogenic activity (Engel class I [9]).
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Fig. 2. Case 1. Intraoperative ECoG prior to lesion resection showing interictal spikes, with r
which emerged on ECoG before lesion resection disappeared after lesion resection as show
2.2. Case 2

The patient, a five-year-old girl, presented a four-month history of
complex partial seizures occurring a few times a day. Anticonvulsants
reduced the seizure frequency to a few times a week. Her MRI showed
a relatively well-demarcated mass lesion (3.0 × 3.0 × 4.0 cm) in the
left frontal lobe extending to the left lateral ventricle wall, which
epresentative ECoGs shown from different two sites (A and B). Epileptiform discharges
n on representative ECoGs from two different sites (C and D).

image of Fig.�2


Fig. 3. Case 2. T1WI showing a well-demarcated hypointensity mass lesion in the left frontal lobe (A). The tumor shows low uptake in MET-PET (fused with T1WI) (B) and
hypo-uptake in FDG-PET (fused with T1WI) (C). Fiber tractography showing that the left pyramidal tract is located posteromediocaudal to the tumor (D and E) and that the left
arcuate fasciculus is located caudolateral to the tumor (F and G). Postoperative T1WI showed the tumor to be totally resected (H).
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presented with hypointensity on T1WI, hyperintensity on T2WI,
hypointensity with a surrounding high intensity irregular ring on FLAIR,
no Gd enhancement, low uptake in MET-PET, and hypo-uptake in
FDG-PET (Figs. 3A, B, and C). Preoperative interictal EEG showed frequent
epileptiform spike discharges on the left frontal region. Fiber tractography
showed that the left pyramidal tract lay just posteromediocaudal to the
tumor (Figs. 3D and E) and that the left arcuate fasciculus lay just
caudolateral to the tumor (Figs. 3F and G). In the surgery, at first, the
left central sulcus was identified using intraoperative SEP (Fig. 4). A
total tumor resection with careful resection of the EZ, which was defined
as the peritumoral regions with interictal spikes on the intraoperative
ECoG, was performed using a neuronavigation system under monitoring
of the intraoperative ECoG (Figs. 3H, 5A and B). Epileptiform discharges,
CS
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tumor

lt. frontal lobe

Fig. 4. Case 2. The left central sulcus was identified
which emerged on ECoG before the lesion was resected, completely
disappeared after lesion resection (Figs. 5C and D). She had no surgi-
cal complications. The tumor was histologically diagnosed as a DNT.
She was continued on anticonvulsants for 12 months postoperative-
ly. She remains seizure-free and off anticonvulsants as of her most
recent follow-up three years after surgery. Her postoperative
interictal EEG has not shown any significant epileptogenic activity
(Engel class I [9]).

2.3. Case 3

The patient, a 10-year-old girl, presentedwith a history of surgery for
DNT in the left posterior temporal lobe. She had developed complex
1
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using intraoperative SEP. CS = central sulcus.

image of Fig.�4


101J. Shinoda et al. / Epilepsy & Behavior Case Reports 1 (2013) 97–105
partial seizures refractory to anticonvulsants and had seizures a few
times a month before the surgery. She underwent a partial resection
of the tumor in a community hospital at the age of eight years, and
the tumorwas diagnosed as aDNThistologically (Fig. 6A). After surgery,
she was seizure-free for 12 months on anticonvulsant medication;
however, seizures recurred a few times per day. She was referred to
our hospital, and her MRI showed a relatively well-demarcated mass
lesion (6.5 × 5.0 × 4.0 cm) in the left posterior temporal lobe with a
cavity corresponding to the prior area of resection in the posterior por-
tion of the tumor. The tumor presented with hypointensity on T1WI,
hyperintensity on T2WI, hypointensity with a surrounding irregular
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Fig. 5. Case 2. Intraoperative ECoG before the lesion resection showing interictal spikes, an
which emerged on ECoG before lesion resection disappeared after lesion resection, and the r
high intensity area in the white matter on FLAIR, and no Gd enhance-
ment (Fig. 6B). The MRI revealed tumor progression, and the tumor in-
tensities were the same as on the prior preoperative imaging (Figs. 6A
and B). The tumor showed low uptake in MET-PET and hypo-uptake
in FDG-PET (Figs. 6C and D). Preoperative interictal EEG showed
frequent epileptiform spike discharges on the left occipitotemporal
region. The previous surgery had resulted in right upper quadrant
hemianopsia. Fiber tractography showed that the residual left visual
tract lay just mediorostral to the tumor (Figs. 6E and F). We performed
a complete total tumor resection with careful resection of the EZ, which
was defined as the peritumoral region with interictal spikes on the
d the representative ECoGs from two different sites (A and B). Epileptiform discharges
epresentative ECoGs from two different sites are shown (C and D). CS = central sulcus.
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Fig. 6. Case 3. T1WI after the first surgery showing a partially resected, well-demarcated, hypointensitymass lesion in the left posterior temporal lobe (A). Two years later, T1WI showing
tumor progression (B). The tumor showed low uptake in MET-PET (fused with T1WI) (C) and hypo-uptake in FDG-PET (fused with T1WI) (D). Fiber tractography showed the left visual
tract (arrow) to bemediorostral to the tumor (E and F). This is a photograph showing the neuronavigation-guided fence-post tube technique used in the surgery (G). Postoperative T1WI
showed that the tumor was totally resected (H).
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intraoperative ECoG, using a neuronavigation-guided fence-post tube
technique with monitoring of intraoperative ECoG (Figs. 6G and H, 7A
and B). Epileptiform discharges which emerged on the ECoG completely
disappeared after lesion resection (Fig. 7C). She had no surgical compli-
cations and exhibited no worsening of the visual field deficit. The
tumor was diagnosed as a DNT histologically without malignant trans-
formation. She was maintained on anticonvulsants and had no recur-
rence five months postoperatively. Postoperative interictal EEG did not
show any significant epileptogenic activity (Engel class I [9]).

3. Discussion

The goals of surgery for DNT include not only complete tumor re-
section but also complete seizure control by resecting the EZ, while
avoiding surgical sequela [10]. Imaging and functional studies are in-
dispensable adjuncts to meticulous surgical techniques for achieving
these goals. In addition to preoperative interictal EEG andMRI, preop-
erative FDG-PET, MET-PET, and intraoperative ECoG have been used
routinely for surgical planning for resection of brain lesions with
epileptogenicity such as DNT in our hospital.
Characteristics of DNT, such as a well-demarcated margin, benign
clinical course, indolent biology, and the frequent association of a
peritumoral EZ, are conducive to surgical management. The preopera-
tive diagnosis of a DNT facilitates the assemblage of intraoperativemon-
itoring equipment necessary for precisely excising the EZ. Epileptogenic
brain tumors which should be differentiated from DNT include dif-
fuse astrocytoma, oligodendroglioma, pleomorphic xanthoastrocytoma,
pilocytic astrocytoma, gangliocytoma, and ganglioglioma. Some may be
easily differentiated fromDNT using a conventional CT and/orMRI; how-
ever, others cannot precisely be differentiated because of their similar ra-
diological features. 11C-methionine positron emission tomography has
improved the radiological diagnosis of brain tumors [11]. Among these
brain tumors, a finding of low uptake in MET-PET is strongly suggestive
of a DNT, and the diagnosis becomesmore reliable if associatedwith cor-
responding morphology on CT and/or MRI [12,13]. The hypo-uptake in
FDG-PET is another characteristic of DNT, which suggests not only the
hypometabolism of the tumor but also a lack of functional activity as
the normal brain within the lesion. It is this lack of functional activity
which permits the complete excision of the tumor without a subsequent
postoperative neurological deficit.
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Fig. 7. Case 3. Intraoperative ECoG before lesion resection showing interictal spikes and the representative ECoGs from two different sites (A and B). Epileptiform discharges which
emerged on ECoG before lesion resection disappeared after lesion resection on the representative ECoG (C).
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Intraoperative ECoG is an essential tool for DNT surgery and is uti-
lized in most surgical procedures for epilepsy [3,4,14–17]. Localization
of the EZ associatedwith a DNT is still controversial, and results are var-
iable. Recently, Chassoux et al. [18] have proposed that three distinct
histologic subtypes of DNT are distinguishable based on MRI features.
Using MRI, DNTs are classified as type 1 which is cystic/polycystic-like,
well-delineated, and strongly hypointense in T1WI; type 2 which is
nodular-like and heterogeneous; and type 3 which is dysplastic-like,
iso/hypointense in T1WI, with poor delineation and gray–white matter
blurring. Resection of type 1 tumors, in which the tumor and the EZ are
colocalized, will generally definitively treat the epilepsy. Types 2 and 3,
however, require a more extensive resection that includes both the
tumor and the perilesional cortex. For example, for type 3 tumors in
the temporal lobe, an anterior temporal lobectomymust be considered.
Case 2 is a type 1 example and Cases 1 and 3 are type 3 examples. Such a
detailed imaging study is informative for preoperative surgical planning
for seizure control; however, this is not always helpful to address in de-
lineating the EZ precisely in individual cases. To achieve the objective of
seizure control, intraoperative ECoGmonitoring is still needed to deter-
mine the extent of resection of the lesion including the EZ, although the
spike-chasing using ECoG is partly debatable and controversial.
For some DNT, preoperative CT, MRI, interictal EEG, PET studies,
and intraoperative ECoG are usually sufficient to achieve seizure control
with surgery; however, for others, these are not sufficient. In Case 1, the
preoperative interictal EEG did not show any significant epileptogenic
activity. Dysembryoplastic neuroepithelial tumor in the temporal lobe,
like other epileptic lesions in deep brain structures, often presents with
no significant epileptogenic activity in preoperative EEG. In these cases,
preoperative chronic subdural electrode recording (CSDER) is strongly
recommended to confirm whether the tumor truly has epileptogenicity
and to evaluate the extent of the epileptogenic lesion [3,19]. Magnetoen-
cephalography is a sophisticated medical device which can detect subtle
brain activity and the epileptogenicity of lesions. Its clinical role for
detecting epileptogenicity preoperatively may replace that of CSDER in
those cases with visible lesions on neuroimaging because MEG, unlike
CSDER, is noninvasive [20–23]. In Case 1, MEG was used instead of
CSDER.

The DNT in Case 2was adjacent to themotor cortex and the language
pathway. Epileptogenicity was detectable in the tumor by preoperative
EEG. Complex partial seizures observed in this case were likely attribut-
able to tumor extension to the left cingulate gyrus. In this case, treatment
planning focused on avoiding damage to the motor cortex and the
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language pathway while aiming for total resection of the tumor with the
EZ. In such a case, the combination of fiber tractography, neuronavigation
system, and SEP is a valuable adjunct to ECoG and imaging studies
[24–29]. Preoperative fiber tractography that revealed the topographical
relationship between the left pyramidal tract and the tumor and also
between the left arcuate fasciculus and the tumor was informative for
safe tumor resection. The neuronavigation system and intraoperative
SEP aided in the identification of the left central sulcus during the sur-
gery. These interventions were indispensable for preventing surgical
complications.

Case 3 had a recurrent large DNT adjacent to the left visual tract, in
which epileptogenicity was detectable near the tumor by preoperative
EEG. The patient had already had a right upper quadrant hemianopsia
from the previous surgery. Another clinicopathological concern in this
case was the possibility of malignant transformation of the tumor in
terms of its rapid regrowth. Dysembryoplastic neuroepithelial tumor
is considered benign and tends to not recur even after a partial resection
[1,2]. There are, however, some reported cases of malignant transfor-
mation and tumor regrowth [30–33]. To achieve clinical benefit in this
patient, the goal of surgery was complete excision of the tumor includ-
ing malignant parts and EZ without worsening the neurological deficit.
Total tumor resection would prevent further regrowth and enable the
complete histopathological evaluation of the tumor in addition to sei-
zure control. Tumor resection was successfully performed using the
neuronavigation-guided fence-post tube technique in this case. The
neuronavigation-guided fence-post technique is superior to ordinary
image-guided neuronavigation for larger tumors because intraoperative
structural distortion of the brain due to brain shift is more likely during
resection of larger tumors [34,35]. Preoperative fiber tractogram, reveal-
ing the topographical relationship between the left visual tract and the
tumor, was informative for placing fence-posts to define the excision
margins. No histological evidence of malignant foci was found in the
resected lesion including the tumor. Recently, another case of progres-
sive DNT on MRI in a pediatric patient, in which the tumor showed no
histological evidence of malignancy, was reported by Preuss et al. [36].
In such cases, tumor growth is attributed to an increase in the mucinous
substance in themyxoidmatrix. A further careful follow-up is needed for
checking tumor and seizure recurrences in Case 3 because of the short
period of follow-up after the second surgery.

4. Conclusions

Although DNT frequently results in epilepsy that is unresponsive to
medical therapy, DNT-associated epilepsy is highly curable with surgery.
Dysembryoplastic neuroepithelial tumormay arise in any supratentorial
or intracortical location within or near critical areas of the brain. Resec-
tion, therefore, must be carefully planned both pre- and intraoperatively
and requires meticulous technique. Goals of therapy include not only
completely resecting the tumor to avoid recurrence or progression but
also excising the entire associated EZ. We have shown that when im-
aging and functional studies are utilized concurrently with advanced
neurosurgical technologies for operative planning, excellent surgical
outcomes result.
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