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Abstract
Introduction Ganglioglioma is an uncommon neoplasm of
the central nervous system, most frequently seen in the
temporal lobe, and usually associated with medically
refractory epilepsy in children and young adults. Few
reports have considered ganglioglioma-associated epilepto-
genicity arising in the temporal lobe. The purpose of our
study was to define the imaging features of ganglioglioma
in the temporal lobe and their relation to the seizure foci
revealed by electrocorticograms.
Materials and methods We reviewed 24 patients with
pathologically confirmed ganglioglioma in the temporal lobe.
Results Computed tomography (CT) images showed gan-
gliogliomas to be isodense (91.7%), and on T1-weighted
images (T1-WI) most gangliogliomas (79.2%) were iso-
intense to the gray matter. A cystic lesion was seen in 14 of
24 of the gangliogliomas (58.3%). Mass effects were not
seen in any of the ten tumors without cystic components.
One patient showed tumor recurrence. Dual pathology was
seen in two cases (8.3%). In 23 cases, epileptogenicity was
confirmed in the tumors by intraoperative electrocortico-
gram. The remaining case had no epileptogenicity.
Conclusion A tumor presenting isointensity to gray matter
on T1-WI without mass effects in the medial temporal lobe
in a young patient with temporal lobe epilepsy (TLE) might
be the characteristic imaging of temporal lobe ganglio-
glioma. However, such tumors are not always associated
with epileptogenicity, even if a ganglioglioma is found in a
patient with TLE. The seizure foci may be contralateral to the

ganglioglioma. Therefore, we need to investigate the
hippocampus, white matter abnormalities of the ipsilateral
and contralateral anterior temporal lobe, and other focal
lesions closely.
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Introduction

Ganglioglioma is an uncommon neoplasm of the central
nervous system, most frequently seen in the temporal lobe
[1], and usually associated with medically refractory
epilepsy in children and young adults, particularly with
complex partial seizures. It is the most common cause (40%)
of chronic temporal lobe epilepsy (TLE). There have been
several studies investigating the imaging of ganglioglioma,
but they do not focus on temporal lobe ganglioglioma.
Temporal lobe ganglioglioma should be distinguished from
gangliogliomas in other regions because of their clinical and
radiological characteristics. Moreover, temporal lobe gan-
gliogliomas share several clinical and radiological features
with some cortically based temporal tumors. In TLE
patients, gangliogliomas almost always have epileptogenic-
ity. However, there are a few cases where epileptogenicity is
not confined to ganglioglioma, but is observed by electro-
encephalogram (EEG), in other pathological changes,
including hippocampal sclerosis (dual pathology). To our
knowledge, few reports have considered ganglioglioma-
associated epileptogenicity arising in the temporal lobe. The
purpose of our study was to define the imaging features of
ganglioglioma in the temporal lobe and their relation to the
seizure foci revealed by EEG and intraoperative electro-
corticograms (ECG).
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Materials and methods

Twenty-four consecutive patients with pathologically
confirmed ganglioglioma in the temporal lobe were
admitted to our hospital from 1996 to 2006. The study
group comprised 13 males and 11 females, ranging in
age at operation from 2 to 41 years (mean age 18.8). All
of the patients had suffered complex partial seizures and
nine patients (37.5%) suffered partial seizures evolving to
secondarily generalized seizure. The interval between
onset of seizures and surgery ranged from 0.5 to 22 years
(mean 5.4 years). Seizure frequency varied from several
per day to one per month. All of the patients were
retrospectively analyzed with regard to their computed
tomography (CT) and magnetic resonance imaging find-
ings. Each patient had a single tumor. Two neuro-
radiologists reviewed the CT and MR images, and the
interpretation was obtained by consensus. The following
findings were evaluated: location of the tumor, density on
CT, signal intensity changes on T1- and T2-weighted
images, the presence of a cystic component, calcification,
contrast enhancement and mass effect. Density on CT
and signal intensity changes on MR images were
evaluated in the solid components. The existence of
epileptogenicity, dual pathology, white matter abnormal-
ities in the anterior temporal lobe and recurrence were
also evaluated.

MR images were obtained with a 1.5T MR scanner
(Signa-Horizon; GE Medical Systems, Milwaukee, WI,
USA). Fast spin echo T2-weighted images (T2-WI), T1-
weighted images (T1-WI) and fluid-attenuated inversion
recovery (FLAIR) images were obtained in all of the
patients. These studies were performed in a plane perpen-
dicular to the long axis of the hippocampus. Moreover,
axial T2-WI were obtained in all of the patients.

The parameters for T2-WI were 4,000/99/1 [repeat time
(TR)/echo time (TE)/number of excitation pulses, a

220 mm field of view (FOV)], with a slice thickness of
3 mm and a slice gap of 0.7 mm. The FLAIR image
parameters were 10,002/152/1/220 [TR/TE/number of
excitation pulses/inversion time (TI)], slice thickness at
5 mm and slice gap at 1 mm. T1-WI parameters were 300/
9/1 (TR/TE/number of excitation pulses), slice thickness at
3 mm and slice gap at 0.7 mm. The CT examinations were
performed using a four detector-row CT (Asteion; Toshiba
Medical System, Tokyo, Japan) with the parameters at
120 kV, 250 mA s, 240 mm FOV, 4 mm image thickness,
and 4 mm image interval.

Results

Location

Gangliogliomas were located in the uncal part of the temporal
lobe (n=7), parahippocampal gyrus (n=5), amygdala (n=5),
hippocampus (n=1), superior temporal gyrus (n=2), fusi-
form gyrus (n=1), and middle temporal gyrus (n=3).
Collectively, 19 gangliogliomas were located in the medial
temporal lobes and five tumors in the lateral temporal lobes.
Tumor dimensions varied from 0.5 to 3.5 cm, with a mean
size of 1.8±0.6 cm.

CT findings

CT images showed that the tumors were isodense to cortical
gray matter in 22 patients (91.7%). The remaining tumors
appeared low density on CT.

Calcifications were detected in 12 gangliogliomas
(50%). The tumors with calcification were located in the
uncal part (n=4), amygdala (n=3), hippocampus (n=1),
parahippocampal gyrus (n=1), middle temporal gyrus (n=
2), and superior temporal gyrus (n=1). Calcifications were
nodular (n=7; Fig. 1), linear (n=3), or punctuate (n=2).

Fig. 1 Two-year-old girl. a Ax-
ial CT image shows a dense
calcification in the uncal part of
the left temporal lobe (white
arrow). b Coronal T1-WI shows
a hyperintense lesion, indicating
the calcification (white arrow),
and small cystic lesions adjacent
to the calcification (arrowhead).
No mass effects were observed
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MR imaging findings

On T1-WI, 19 gangliogliomas were isointense to gray matter
(Fig. 2), four tumors were hypointense, and the remaining
one was hyperintense. On T2-WI and FLAIR images, 23
gangliogliomas showed high signal intensity changes and
the remaining one appeared isointense to gray matter.

Contrast material was administered to all the patients.
Contrast enhancement revealed five of 24 gangliogliomas
(Fig. 2). Enhancing tumors were nodular (n=2) or
punctuate (n=3).

Cystic components

A cystic lesion was seen in 14 of 24 of the gangliogliomas
(58.3%; Figs. 1 and 2). The cystic components were
solitary (n=8) or multiple (n=6). Cyst dimensions varied
from 0.2 to 3.5 cm.

Of the 14 patients presenting cystic components, 11
(78.6%) were younger than 20 years old. Cystic components
were observed in the gangliogliomas of three patients who
were aged over 20 years old (3/14, 21.4%). The mean age of
patients with cystic components was 13.6 years, which was
younger than those without cystic components (25.8 years).

Mass effects

Mass effects were not seen in any of the ten tumors without
cystic components.

Dual pathology

In this study, we defined dual pathology as patients who
had both ganglioglioma and pathologically confirmed
hippocampal sclerosis. Dual pathology was seen in two
cases (8.3%), and hippocampal sclerosis and ganglio-
glioma were ipsilateral in these cases (Fig. 3). Dual
pathology was considered as an indication for surgical
intervention. Epileptogenicity was confirmed by ECG and
both the hippocampus and ganglioglioma underwent
surgical resection.

Epileptogenicity

In 23 cases, epileptogenicity was confirmed in the tumors
by intraoperative ECG. The remaining patient had no
epileptogenicity in the tumor. In this case [2], the
epileptogenicity was defined by microdysgenesis in the
contralateral temporal lobe by intraoperative ECG, and was

Fig. 2 Seven-year-old girl. a Axial CT image shows a round area
with low density, consistent with cystic component (white arrow). b
Coronal T1-WI shows a cystic component (white arrow) and a solid
component with isointensity to the gray matter (black arrow) in the

uncal part of the left temporal lobe. There were no mass effects. c
Coronal T1-WI after an injection of contrast medium showed intense
enhancement (black arrow). Cystic components (white arrows) were
also observed

Fig. 3 Six-year-old boy dual pathology. a Axial CT image shows a
small curved calcification (white arrow) adjacent to a cyst (arrow-
head) in the uncal part of the right temporal lobe. b Coronal T2-WI
shows a solid component with mild hyperintensity (white arrow) and a
cyst with marked hyperintensity (arrowhead). c Coronal FLAIR

image shows high signal intensity changes and atrophy in the right
hippocampus (white arrow), indicating hippocampal sclerosis. Patho-
logic examinations confirmed ganglioglioma in the uncal part and
hippocampal sclerosis
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not detected on MR images. Both the microdysgenesis and
the ganglioglioma were resected.

Recurrence and outcome

Serial postoperative MR images revealed no recurrence in
22 patients. In one patient, a small residual tumor was
revealed on MR images postoperatively, but was stable on
follow-up MR studies. In another patient, epilepsy did not
improve and a residual tumor was found on MR images
postoperatively. Although repeated operations were per-
formed, recurrence was persistent. In the latest MR images,
the tumor was seen to have increased in size with a large
mass effect and dissemination anterior to the medulla
oblongata (Fig. 4). However, pathological examinations
did not detect any malignant features.

White matter abnormalities in the anterior temporal lobe

White matter abnormalities in the anterior temporal lobe
(loss of gray-white matter demarcation and increased signal
intensity in the white matter on T2-WI) are sometimes
observed on patients with TLE. These findings were
observed in ten (41.7%) of the 24 patients.

Discussion

Temporal lobe epilepsy is characterized by seizures
originating in or primarily involving temporal lobe struc-
tures. Most clinicians distinguish medial temporal epilepsy
from neocortical or lateral temporal epilepsy. The medial
structures are important for the generation of seizures [3].
Our study revealed that 19 of 24 gangliogliomas (79.2%)
were located in the medial temporal lobes. The most
common location for a ganglioglioma is the temporal lobe.

Additionally, we think that gangliogliomas especially had a
predilection for the medial temporal lobe. This finding
corresponds to clinical findings that the foci of TLE are
generally found in the medial temporal lobes [4].

On CT images, the solid components of tumors were
isodense to gray matter in 22 of 24 cases (91.7%) and were
difficult to distinguish. In a previous report, CT was
apparently normal in 36.8% of gangliogliomas, but abnor-
mal in TLE patients with other temporal tumors such as:
pilocytic astrocytoma, dysembryoplastic neuroepithelial
tumor (DNT), pleomorphic xanthoastrocytoma (PXA), and
oligodendroglioma [5]. CT examinations were insufficient
for ruling out ganglioglioma.

In previous studies, on T1-WI, gangliogliomas appeared
isointense or hypointense [6, 7]. In this study, T1-WI
showed that most gangliogliomas (79.2%) were isointense
to gray matter. This finding was compatible with a previous
report of temporal lobe ganglioglioma [3]. Therefore, we
suggest temporal lobe ganglioglioma appear isointense on
T1-WI and isodense on CT. In contrast, DNTs and
astrocytomas in the temporal lobe appear hypointense on
T1-WI and hypodense on CT [8]. T2-WI tended to show
high signal intensity in all kinds of tumor including
gangliogliomas, and this finding was considered to be
nonspecific.

In agreement with a previous report [1], more than half
of the tumors (58.3%), in the current study, had cystic
components. Zhang et al. described that the size of pure
cystic lesions was significantly smaller than that having
solid components. In another previous study [9], cystic
tumors were more common in early childhood (<10 years
old), and the average percentage of cysts was much higher
in the younger group. Moreover, in younger groups, tumors
were associated with edema more frequently than in older
groups. In this study, temporal lobe ganglioglioma tended to
be smaller than in other regions described by previous reports
[7, 8], and cystic appearance was more common in younger
patients, particularly in those aged less than 20 years old.
Cysts in patients over 20 years old were solitary and small
(<5 mm). No mass effects or peritumoral edema was
observed in gangliogliomas without cystic components. We
think that temporal lobe ganglioglioma might present clinical
symptoms at an earlier stage in spite of the small mass effect.
One possible explanation might be that the mass effects of
the cystic components cause seizures, leading to detection of
such tumors at a younger age.

Calcification has been previously reported as a common
finding in gangliogliomas [1, 8], with various reported
patterns (nodular, patchy, circular, puncture, or linear), and
the solid portion of gangliogliomas showed variable
enhancement. In the present study, calcification and
contrast enhancement showed various patterns. These
findings were considered to be nonspecific.

Fig. 4 Three-year-old girl. Four years after the first operation, coronal
T1-WI after an injection of contrast medium showed nodular
enhancement in a local recurrence (black arrow), and anterior to the
medulla oblongata (white arrow), dissemination was suspected
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Cortically based temporal tumors include ganglioglioma,
pilocytic astrocytoma, DNT, PXA, astrocytoma, and oligo-
dendroglioma. Differential diagnosis of ganglioglioma is
necessary. All of the tumors are well demarcated except for
astrocytoma and oligodendroglioma, which are less distinct.
Pilocytic astrocytoma is a discrete, solid mass with a cystic
component. It shows intense, but heterogeneous enhance-
ment and mass effect. DNT shows low density on CT and
hypointensity on T1-WI but no enhancement. PXA shows a
solid mass with a solitary cyst. CT images show a mass
with mixed density. Calcification occurs in 35.8% of PXA
[10]. MR images usually reveal well-delineated contrast
enhancement. Contrast enhancement of adjacent meninges
(dural tail) is common (70%) [11]. Oligodendroglioma is a
hemispheric mass that extends to the cortex with mixed
density on CT. Cerebral edema and mass effects are
common [12, 13].

In previous reports [14, 15], dual pathology (hippo-
campal sclerosis with a focal lesion) was observed in 5–
30% of the temporal lobes operated on because of
medically refractory TLE. Focal lesions included hetero-
topia, cortical dysplasia, low grade tumors (ganglioglio-
mas, DNTs, PXAs and low grade astrocytoma), cavernous
angiomas, contusion, and infarction in childhood [14].
Dual pathology was almost exclusively seen in patients
whose focal lesions were congenital, or occurred early in
life, suggesting that in early childhood the hippocampus is
more vulnerable and more likely to develop hippocampal
sclerosis [14]. Dual pathology was evident in two of the
24 (8.3%) patients in this study, and it is less frequent than
in other congenital epileptic lesions [14]. No correlation
with patient’ age or disease duration was found. The
resection of both the hippocampal and extra-hippocampal
lesions has been suggested as the optimal surgical
management of dual pathology. The seizure outcome after
epilepsy surgery in cases with dual pathology was less
favorable when only one of the lesions was removed [15].
Therefore, when we read MR images of TLE patients, we
should always carefully examine the hippocampus (dual
pathology).

Completeness of a tumor resection is still considered to
be the main factor affecting seizure outcome, although
subtotal resections do not necessarily result in a deteriora-
tion of the epilepsy [16]. In this study, although a small
residual tumor was revealed postoperatively on MR images
of one patient, the patient had a prognosis of fewer seizures.

In another patient, the seizure foci on EEG were
contralateral to the tumor. Additionally, loss of gray-white
matter demarcation and increased signal intensity changes
were observed ipsilateral to the seizure foci. Adachi et al.
described that white matter abnormalities in the anterior
temporal lobe, which were sometimes observed on MR
images of patients with TLE, were ipsilateral to the seizure

foci revealed by EEG or ECG. White matter abnormalities
in the anterior temporal lobe are clinically useful because
they indicate the side of the seizure foci. Even if
gangliogliomas were observed on MR images of patients
with TLE, the seizure foci on EEG were not confined to the
tumor. When interpreting MR images of TLE, we should
pay careful attention to the anterior temporal lobe.

Histologically, gangliogliomas are grade I or II accord-
ing to the World Health Organization (WHO) criteria;
however, some gangliogliomas show anaplastic features in
their glial component and are considered to be grade III
(anaplastic gangliogliomas) according to WHO criteria
[13]. Some previous studies showed anaplastic ganglio-
glioma in the temporal lobe with spinal metastasis [14, 17].
Malignant degeneration of gangliogliomas is rare, with an
estimated occurrence of 6% [1]. Radiological findings
could not differentiate gangliogliomas of grades I, II, or
III, nor prognose malignant degeneration. Luyken et al.
reported that five of 184 patients (3%) experienced tumor
recurrence, which resulted in malignant progression in three
patients and death in two patients [18]. Pathologically,
anaplastic features or malignant transformation was not
always observed in recurrent tumors. Frontal tumor
location, grade II or III according to the WHO criteria, or
a residual tumor (as identified by postoperative MR
images) indicated an increased risk of recurrence. On MR
spectroscopy (MRS), gangliogliomas tend to show reduced
Cho/Cr and NAA/Cr ratios and increased Cho/NAA [19].
Moreover, the Cho/Cr ratio tends to be lower in ganglio-
gliomas than in gliomas and NAA/Ca ratios are higher [7].
However, even though ganglioglioma is a slowly growing
benign tumor, which could be demonstrated by MRS, there
is a chance of malignant transformation, especially in cases
of incomplete tumor resection [19]. In our study, one
patient showed tumor recurrence, with a recurrence rate
similar to that in previous reports [17, 20]. A residual tumor
was demonstrated in this patient by MR images 1 month
after surgery. Pathologically, the tumor was diagnosed as
grade I, and malignant transformation has not been
observed in 4 years of follow-up.

Conclusion

A tumor presenting isointensity to gray matter on T1-WI
without mass effects in the medial temporal lobe in a young
patient with TLE might be the characteristic imaging of
temporal lobe ganglioglioma. However, such tumors are not
always associated with epileptogenicity, even if a ganglio-
glioma is found in a patient with TLE. The seizure foci on
EEG may be contralateral to the ganglioglioma. Therefore,
we need to investigate the hippocampus, white matter
abnormalities of the ipsilateral and contralateral anterior
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temporal lobe, and other focal lesions. Although recurrence
is rare, careful follow-up may be required.
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