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Cortical tubers are one of the typical intracranial manifestations of tuberous sclerosis complex (TSC). Multiple
cortical tubers are easy to diagnose as TSC; however, a solitary cortical tuber without any other cutaneous or
visceral organ manifestations can be confused with other conditions, particularly focal cortical dysplasia. We
report a surgical case of refractory epilepsy caused by a solitary cortical tuber mimicking focal cortical dysplasia
type II, and describe the radiological, electrophysiological, and histopathological findings of our case.
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uberous sclerosis complex (TSC) is an autosomal

dominant multisystem disorder that affects chil-
dren and adults and often causes epilepsy or other neu-
rological disorders [1]. Cortical tubers, most of which
(95%) appear in complexes of multiple tubers [2], are
one of the major clinical diagnostic criteria of TSC. The
diagnosis of TSC is relatively easy in patients with mul-
tiple tubers and other typical cutaneous or visceral
manifestations of the disease. However, when a solitary
cortical tuber appears in a patient without the other
typical manifestations of TSC, it can be difficult to dis-
tinguish TSC from other disorders [3]. In particular,
focal cortical dysplasia (FCD) type II, which is a subset
of malformations of cortical development and a com-
mon cause of refractory epilepsy in the pediatric popu-
lation, can be confused with a solitary cortical tuber,
because FCD usually involves a single lesion [4-7]. In
addition, FCD type II has some resemblance to cortical
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tubers in terms of its clinical signs, radiological find-
ings, and histopathology [8-14]. On the other hand,
some features that can distinguish between a cortical
tuber and FCD type II have been reported. In particu-
lar, the transmantle sign, which is defined as a change
in subcortical white matter signal intensity tapering
toward the ventricle, is a typical finding in FCD type II
[15,16]. Distinguishing between a cortical tuber and
FCD is important for disease management as well as
genetic counseling. In this article, we discuss a surgi-
cally treated case of a solitary cortical tuber without any
of the other typical manifestations of TSC and which
mimicked FCD type II with a transmantle sign.

Case Report
The patient was a 22-year-old man. He was born at

33 weeks of gestation weighing 1,644 g without fetal
asphyxia. All developmental milestones were regularly
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achieved. He had neither cutaneous nor visceral dis-
ease, and he had no family history of epilepsy or other
central nervous system disorders. He developed sei-
zures with motion arrest, right conjugate deviation,
head version to the right, and occasionally automatism
at the age of 7 years (focal impaired awareness seizures).
Scalp electroencephalography (EEG) revealed interictal
spikes in the right frontotemporal area (Fig.1). Brain
magnetic resonance imaging (MRI) showed a calcifica-
tion with surrounding T2 hyperintensity at the bottom
of the sulcus in the right frontal lobe near the anterior
horn of the right ventricle. (The brain images taken at
age 7 are not shown here.) He was diagnosed with focal
epilepsy (frontal lobe epilepsy), and the calcified lesion
was presumed to be a cavernous malformation. Although
various antiepileptic drugs were tried, including carba-
mazepine, lacosamide, and perampanel, his seizure
remained intractable.

At the age of 20, he underwent presurgical evalua-
tions. Ictal scalp EEG revealed 5-6 Hz theta activity in
the bilateral frontopolar region (Fig.2D). Computed
tomography (CT) and MRI showed a calcification in the
right frontal lobe (Figs.2A-C) that had remained
unchanged from the first imaging. In addition,
high-resolution (3 tesla) and thin-slice MRI revealed a
subcortical T2-high signal tapering towards the ventri-
cle, which was considered to be the transmantle sign
[16], subjacent to the calcification (arrows in Figs. 2B, C).
Based on these findings, the epileptogenic condition
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was assumed to be FCD. 18F-fluorodeoxyglucose posi-
tron emission tomography (FDG-PET) showed
hypometabolism in the right frontal lobe and interictal
99mTc ethyl cysteinate dimer single photon emission
computed tomography (SPECT) showed hypoperfusion
in the same region (FDG-PET and SPECT images are
not shown here). Ictal SPECT could not be performed.
Iomazenil SPECT and magnetoencephalogram did not
show any specific findings.

When the patient was 22 years of age, chronic sub-
dural electrodes were placed on the lateral surface of the
right frontal lobe by means of a right frontal craniot-
omy. In addition, three depth electrodes were placed
around the calcified lesion through the cortical T2
hyperintensity lesion (Figs.3A-D). During an intracra-
nial EEG study, the habitual seizure did not occur,
while nocturnal seizures with staring and oral automa-
tism were observed twice and subclinical seizures were
observed twice.

Ictal electrocorticography (ECoG) indicated that
ictal 30 Hz fast activities began at the contact point of
the depth electrode that was placed in the cortical T2
hyperintensity lesion (electrode number 9 in
Figs.3D,E), and this electrode was 1 cm (two contacts)
away from the calcified lesion. Then, the ictal change
spread to the other depth electrodes (electrodes 8, 15,
16, 1, and 22 in Figs.3D,E). Twenty sec after the
beginning of the ictal discharges, the clinical manifes-
tations appeared (staring, oral automatism). Interictal
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Fig. 1

Interictal scalp electroencephalography. Epileptic discharges (arrowheads) are visible in the right frontotemporal area.
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Fig. 2  Presurgical evaluation. (A) Presurgical CT scans showed a small calcified lesion in the subcortical white matter of the right
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frontal lobe. (B) An MRI fluid-attenuated inversion recovery image and (C) a T2-weighted image showed a transmantle sign (arrows in
[B, C]) subjacent to a calcification. (D) An ictal scalp electroencephalogram showed bifrontal theta rhythmic waves (underlines).
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Fig. 3  Intracranial electroencephalogram study. (A,B) CT scans obtained after the implantation of intracranial electrodes. Arrowheads
indicate a calcification, and the surrounding high densities indicate the depth electrodes. (C) Subdural and depth electrodes were
implanted in the right frontal area. (D) Higher magnification of the black box in (C) shows a 3D image of the depth electrodes. (E) Ictal
electrocorticography indicates that the ictal 30 Hz activities (arrow) began at the depth electrode placed near but two contacts away from
a calcification (electrode number 9 in [D]), and then the ictal discharges (arrowheads) propagated to the surrounding electrodes (electrode
numbers 8, 15, 16, 21, and 22).
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high-frequency oscillations and ictal direct-current
shifts [17] were also detected at the depth electrodes
(figure not shown). The cortical and subcortical lesions
and the subjacent calcification were resected
(Figs.4G,H). In the brain functional mapping, stimu-
lation at the gyrus just above the calcification did not
induce any reaction. However, stimulation at the gyrus
adjacent to the posterior region was positive; that is,
twitching of the face and hand was recognized. Thus,
the cortex just above the calcification was resected, but
not that at the posterior region. At one year after sur-
gery, seizure recurrence was observed twice; thus, the
seizure outcome was Engel class ITa [18]. The postoper-
ative seizures were milder than the preoperative ones.
An interictal scalp EEG at 6 months after surgery
showed spikes or spikes and waves at the right frontal
area, a finding that was almost the same as those of the
preoperative interictal scalp EEG.

Histological examination of the resected specimen
revealed cortical neuronal dyslamination, particularly
in layers IT and III (Fig.4A; immunohistochemistry for
NeuN). Neurons in the cortex were immunoreactive for
MAP?2 (figures not shown), and the pyramidal cells in
layer III were larger than those in layer V, which
appeared to be characteristic of hypertrophic neurons.
The specimens of solid gray matter showed calcification
(Fig.4B), balloon/giant cells (Fig.4C), and a relatively
small number of dysmorphic neurons (Fig.4D) with
dense fibrillary gliosis, which is not usual in cases of
FCD type IIb. In addition, several other features that
differed from the typical features of FCD type IIb were
observed: (1) many of the balloon/giant cells had clear
boundaries and halo-like artifacts around the cell body
(Fig.4C), which suggested the features of giant cells in
cortical tubers rather than balloon cells in FCD type
IIb; (2) marked calcification was seen (Fig.4B); (3) the
astrocytes had large nuclei that were brighter than
usual; (4) the expression of CD34 class II was seen in
some balloon/giant cells and glial cells (Fig.4E); and
the nuclei of vascular endothelial cells appeared to be
larger than usual. In our case, dysmorphic neurons
were immunoreactive or variably immunoreactive for
NeuN (Fig.4F), immunoreactive for synaptophysin,
and strongly immunoreactive for non-phosphorylated
neurofilament (figures not shown). Balloon/giant cells
were immunoreactive for vimentin, and faint or nega-
tive for glial fibrillary acidic protein (figures not shown).
There were few olig2-positive nuclei in the lesion (fig-
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ures not shown), and they seemed to be slightly
enlarged atypical nuclei rather than healthy oligoden-
drocytes. Abnormal cells such as dysmorphic neurons
and balloon/giant cells were immunoreactive for p-S6-
Ser235/236 (figures not shown), suggesting the con-
stant activation of the mammalian target of rapamycin
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Fig. 4  Microscopic findings of the resected specimen and post-
operative magnetic resonance imaging. (A) Cortical dyslamination,
particularly in layers Il and lll. (B) Calcification and fibrillary gliosis
in the deep layer. The arrow indicates a Rosenthal fiber. (C)
Balloon/giant cells (arrow) showing clear boundaries and halo-like
artifacts around their cell bodies. (D) Dysmorphic neuron (arrow).
(E) Expression of CD34 class Il is seen in some balloon/giant
cells. (F) Dysmorphic neurons immunoreactive for NeuN. (G,H)
Lesionectomy including the calcification was performed.
Hematoxylin-eosin staining (B-D), immunohistochemistry for NeuN
(A,F), and CD34 class Il (E).
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(mTOR) signal. The specimens of the calcified lesion
showed marked calcification and fibrous gliosis accom-
panied by a small number of Rosenthal fibers (Fig.4B).

The overall histopathological findings were sugges-
tive of a cortical tuber of TSC rather than FCD type IIb,
and a low possibility of ganglioglioma. Informed con-
sent and genetic testing for TSC1 and TSC2 are planned
for the future follow-up periods.

Discussion

In this article, we report the case of an isolated cor-
tical/subcortical lesion that led to refractory epilepsy.
Before surgery, it was believed to be FCD with calcifi-
cation. However, histopathology revealed it to be a
cortical tuber of TSC. In this case, the single calcified
lesion in the frontal lobe without any other cortical
abnormalities suggested a cortical tuber, and there was
also a subcortical signal change that seemed to be a
transmantle sign. As previous reports have described,
it can be difficult to distinguish a solitary cortical tuber
from FCD type II preoperatively [3,6,12]. The typical
finding of a cortical tuber on a brain MRI is a triangu-
lar-shaped cortical or subcortical lesion with the apex
pointing toward the ventricle; the lesion is typically
hypointense on T1-weighted images and hyperintense
on T2-weighted images (T2WIs) [8,9]. Most cortical
tubers appear in the form of multiple tubers (95%), and
about half of them are accompanied by calcification [2].
On the other hand, FCD type II can present as
increased cortical thickness or thinning, areas of local
brain atrophy, blurring of the gray-white junction, or
an increased signal in the subcortex on T2WTI [10,19].
FCD is rarely accompanied by calcification; only a few
such cases have been reported [20-22]. In addition, the
transmantle sign is an MRI feature of FCD that is
almost exclusively observed in FCD type II [16,23].
The transmantle sign is indeed helpful for diagnosing
FCD type II; however, radial migration lines or the
radial bands sign, which are occasionally observed in
relation to cortical tubers, are sometimes similar to the
transmantle sign, and it may be difficult to distinguish
among them [24,25]. In our case, it is possible that a
radial migration line appeared as the transmantle sign.

In epilepsy surgeries for TSC, the clinical question
arises whether seizures start within the tubers them-
selves or in the adjacent perilesional area, and there is
no firm consensus on this issue [13,26,27]. The sur-
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geon is faced with the question of whether a lesionec-
tomy will be sufficient to achieve freedom from seizures
or whether the perilesional margin should be included
in the resection. Previous studies have reported that a
lesionectomy resulted in a 60~75% seizure-free rate in
TSC [13]; however, this result suggests that the epilep-
togenic zone was not contained entirely within the
lesion in the subjects who did not achieve freedom from
seizures. Wong et al. found that cortical tubers are the
primary site of epileptogenesis, but that seizures can
potentially arise from the non-tuber region as well [13].
On the other hand, Major et al. reported that the tuber
was electrographically silent, whereas the surrounding
cortical tissue showed epileptiform activity as measured
by intracranial ECoG in three pediatric patients with
TSC [26]. In the present case, the seizures originated
from the cortical T2 hyperintensity lesion, not from the
calcified lesion, and the peri-tuber cortex, which
appeared normal on MRI, did not show seizure onset
activity.

Histopathological findings show that the dysmor-
phic neurons and balloon cells in FCD type IIb are mor-
phologically similar to the dysmorphic neurons and
giant cells of cortical tubers. Thus, making a differen-
tial diagnosis can be difficult. Miyata et al. described the
points of distinction between cortical tubers and FCD
type IIb as follows: (1) the matrix reaction is fibrillar
and strand-like in cortical tubers, but diffuse and gran-
ular in FCD type IIb; (2) the astrocytes have larger
nuclei with an uncondensed chromatin structure in
cortical tubers, but smaller nuclei with more condensed
chromatin in FCD type IIb; and (3) the balloon/giant
cells are accompanied by a halo-like artifact around the
giant cells in cortical tubers, but there is no halo-like
artifact around the balloon cells in FCD type IIb [14].
These pathological features of cortical tubers were also
observed in our present case.

A diagnosis of TSC is either based on clinical diag-
nostic criteria or genetic diagnostic criteria [28]. The
clinical diagnostic criteria consist of 11 major and 6
minor features, and cortical tubers are one of the major
features. However, a patient with only one major fea-
ture is classified as possible TSC, not definite TSC.
Among the genetic diagnosis criteria, a TSC1 or TSC2
pathogenic mutation in DNA obtained from normal
tissue is sufficient to make a definite diagnosis of TSC.
Our present case was classified as possible TSC. Thus,
in order to make a definitive diagnosis, genetic testing
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should be performed. We are planning to obtain
informed consent and perform a genetic test at a future
follow-up.

In this article, we presented the case of a solitary

cortical tuber mimicking FCD with a transmantle sign
and discussed the issues surrounding making a differ-
ential diagnosis between the two conditions.
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