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ABSTRACT

BACKGROUND AND PURPOSE: The transmantle sign is a characteristic MR imaging finding often seen in focal cortical dysplasia type IIb.
The transmantle sign is typically hyperintense on T2WI and FLAIR and hypointense on T1WI. However, in some cases, it shows T1 high signal.
We evaluated the imaging and pathologic findings to identify the causes of the T1 high signal in the transmantle sign.

MATERIALS AND METHODS: We retrospectively reviewed the preoperative imaging data of 141 consecutive patients with histologically
proved focal cortical dysplasia. We selected 25 patients with focal cortical dysplasia with the transmantle sign and divided them into
groups based on the pathologic focal cortical dysplasia subtype and T1 signal of the transmantle sign. We evaluated the clinical, radiologic,
and pathologic findings, including the number of balloon cells and dysmorphic neurons and the severity of gliosis or calcifications and
compared them among the groups.

RESULTS: Nine of the 25 patients had a T1-high-signal transmantle sign; the other 16 patients did not. All 9 patients with a
T1-high-signal transmantle sign were diagnosed as type IIb (group A). Of the 16 patients with no T1-high-signal transmantle sign, 13
were diagnosed as having type IIb (group B), and the other 3 patients, as type IIa (group C). The number of balloon cells was
significantly higher in group A than in the other groups, but there were no differences regarding dysmorphic neurons, the severity
of gliosis, or calcifications.

CONCLUSIONS: Approximately 6% (9/141) of this patient series had a T1-high-signal transmantle sign, and all were type IIb. The signal may
reflect a rich density of balloon cells. This finding could support the differentiation of subtypes, especially type IIb.

ABBREVIATIONS: FCD � focal cortical dysplasia; ILAE � International League Against Epilepsy; KB � Klüver-Barrera; TMS � transmantle sign

Focal cortical dysplasia (FCD) is a localized cerebral cortical

malformation frequently associated with drug-resistant focal

epilepsy.1 It is critical to identify the epileptogenic focus when

planning surgery. The pathologic features of FCD range from

mild cortical dyslamination to more severe forms.2 The typical

MR imaging features of FCD include gray-white matter blurring,

cortical thickening, white matter hypointensities on T1WI and

increased signal intensity on T2WI and FLAIR images, and local-

ized brain atrophy.1,3,4 However, it is sometimes difficult to detect

such FCD features when the signal intensity is mild or the abnor-

mality is slight.

We recently treated several patients with FCD who showed

the transmantle sign (TMS), which exhibits high signal inten-

sity not only on T2WI and FLAIR but also on T1WI. These

T1-high-signal areas matched the areas of the TMS, TMS is

characterized by abnormal signal intensity expanding from the

deep white matter to the surface and is a distinctive MR imag-

ing finding of type IIb FCD.1,5-7 To the best of our knowledge,

only 1 study has reported such atypical signal intensity,8 and

no study has examined the etiology of these signal abnormali-

ties. We performed the present study to evaluate the signal

intensity of the TMS and its correlation with pathologic find-

ings in patients with FCD.
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MATERIALS AND METHODS
Patients
We retrospectively reviewed the preoperative MR imaging data of

141 consecutive patients with histologically proved FCD who under-

went an operation for refractory epilepsy

between March 2008 and January 2018 at

the National Center of Neurology and

Psychiatry, Tokyo, Japan. All enrolled pa-

tients were diagnosed on the basis of the

histologic classification system proposed

by the International League Against Epi-

lepsy (ILAE).9 There were 25 cases of FCD

with TMS; 22 cases were type IIb and the

other 3 cases were type IIa. The TMS was

identified by the following definition: “a

markedly hyperintense funnel shaped

subcortical zone tapering toward the lat-

eral ventricle was the characteristic finding

on FLAIR MR imaging.”10 The present

retrospective study was approved by the

institutional review board at the National

Center of Neurology and Psychiatry Hos-

pital, and the need for patient informed

consent was waived.

We investigated clinical data includ-

ing sex, age at operation, age at the onset

of seizure, seizure frequency, surgery

site, and postoperative seizure outcome

in the 25 patients with FCD with TMS.

Postoperative seizure outcome was de-

termined at the patient’s last follow-up

(�12 months) using the ILAE criteria.11

For statistical analysis, ILAE outcomes 1

and 2 (seizure freedom or only auras

since surgery) were regarded as a good

outcome, and ILAE outcomes 3– 6, as a

poor outcome.

Imaging Analysis
All patients underwent MR imaging in a
1.5T (Magnetom Symphony; Siemens,
Erlangen, Germany) or 3T (Achieva,
Philips Healthcare, Best, the Nether-
lands, or Magnetom Verio, Siemens)
system with a standard head coil. Se-
quences included routine structural im-

ages: axial T1WI, axial T2WI, and FLAIR

images. Spin-echo T1WI was acquired

with the following parameters: TR/TE/

NEX � 600–613 ms/9.4–15 ms/1, ma-

trix � 201–230 � 183–256, FOV � 25 cm,

section thickness � 3–5 mm. Turbo spin-

echo T2WI was performed with the fol-

lowing parameters: TR/TE/NEX � 3800–

5000 ms/80–95 ms/1–2, matrix � 291–

365 � 368–512, FOV � 25 cm, section

thickness � 3–5 mm. FLAIR images were

acquired with the following parame-

ters: TR/TE/NEX � 9000 –12,000 ms/

101–120 ms/2500 –2700 ms/1, matrix � 179 –202 � 256 –320,

FOV� 25 cm, section thickness � 3–5 mm. Axial and coronal

FLAIR images were obtained using the same parameters.

FIG 1. Case 1, in group A. Axial T2WI (A), coronal FLAIR (B), axial T1WI (C), and CT (D). T2WI and
FLAIR images obtained at 23 months of age demonstrate a focal hyperintensity area from the
bottom of the sulcus to the lateral ventricle, which represents the transmantle sign of FCD in the
left parietal lobe (arrows, A and B). The T1WI also shows hyperintensity in the same area (arrow,
C). The CT image shows high density (arrow, D). E, Photomicrograph shows many balloon cells
(arrowheads), stained with vimentin (magnification �200). Scale bars: 50 �m.
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Two neuroradiologists (Yukio Kimura and Yoko Shigemoto

with 14 and 10 years of experience in neuroradiology, respec-

tively) independently evaluated all images to assess the signal in-

tensity of the TMS on T1WI, T2WI, and

FLAIR images and the density on CT.

The differences in evaluations were re-

solved by consensus.

Pathologic Methods
All specimens were diagnosed by experi-

enced neuropathologists. For all pa-

tients, 4% paraformaldehyde-fixed par-

affin-embedded tissues of the resection

specimens were available. All the exam-

ined resected tissues were treated identi-

cally, grossly inspected, and measured.

After representative small sections were

fixed in glutaraldehyde or frozen, the re-

maining sections were fixed in 4% para-

formaldehyde. The specimens were cut

to obtain representative tissue slices per-

pendicular to the cortical surface. The

specimens were cut into evaluable sec-

tions; 6-�m-thick serial sections were

stained with antibodies to vimentin or

anti-neurofilament H nonphosphory-

lated antibody (SMI-32), as well as rou-

tine hematoxylin-eosin and Klüver-

Barrera (KB) stains. One neuropatholo-

gist (A.S.) counted the number of bal-

loon cells and dysmorphic neurons of

each case in the FOV with the greatest

number at �200 magnification in the

TMS areas using vimentin and SMI-32

stains, respectively, in addition to the KB

stain. The severity of gliosis was classi-

fied into normal, mild, moderate, and

severe. The degree of calcification in the

same areas was classified into absence,

slight presence, and presence.

Statistical Analysis
We divided the patients into groups based

on their pathologic FCD subtype and the

T1 signal of the TMS. We compared the

groups’ ages at the onset of seizure, sever-

ity of gliosis, and number of balloon cells

and dysmorphic neurons using nonpara-

metric tests, ie, the Kruskal-Wallis or

Mann-Whitney U test. Regarding the

postoperative seizure outcomes, we ana-

lyzed the categoric variables using the �2

test. A P value � .05 was considered signif-

icant. All statistical analyses were per-

formed with SPSS, Version 25.0 software

(IBM, Armonk, New York).

RESULTS
The details of the clinical demographics and radiologic and
pathologic findings of the 25 patients with FCD with the TMS are

FIG 2. Case 2, in group A. Axial T2WI (A), coronal FLAIR (B), axial T1WI (C), and CT (D). T2WI and
FLAIR images obtained at 13 months of age demonstrate focal hyperintensity in the white matter
of the right frontal lobe, representing the TMS (arrows, A and B). The T1WI also shows hyperin-
tensity in the same area (arrow, C). The CT scan shows high density (arrow, D). E, Photomicrograph
shows many balloon cells observed (arrowheads), and they are stained with vimentin (magnifi-
cation �200). Scale bars: 50 �m.
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summarized in the On-line Table. We divided the patients into

3 groups based on their pathologic FCD subtype and the T1

signal of the TMS. Nine of the 25 patients had T1-high-signal

TMS, and the other 16 patients had no

T1-high-signal TMS. All 9 patients

with T1-high-signal TMS had been di-

agnosed with FCD type IIb (group A: 3

boys and 6 girls; median age, 7 years;

mean age, 6.6 � 5.9 years) (Figs 1 and

2). Among the 16 patients with no T1-

high-signal TMS, 13 patients had been

diagnosed with FCD type IIb (group B:

8 males and 5 females; median age, 21

years; mean age, 21.7 � 14.1 years)

(Fig 3) and the other 3 patients had

been diagnosed with FCD type IIa

(group C: 3 girls; median age, 15 years;

mean age, 13.3 � 8.6 years). There

were no patients with FCD type IIa

with T1-high-signal TMS.

Among the 3 groups, there were no

significant differences in the age at sei-

zure onset (P � .24) or the seizure out-

comes (P � .54). In group A, 8 patients

had good postoperative seizure out-

comes (ILAE class 1: seven patients,

and class 2: one patient), and the re-

maining (ninth) patient had a poor

outcome (ILAE class 5). In group B, 10

patients had good outcomes (ILAE

class 1: nine patients, and class 2: one

patient) and the other 3 patients had

poor outcomes (ILAE class 5). All 3

patients in group C had good out-

comes (ILAE class 1).
On the T2WI and FLAIR imaging, all

patients showed hyperintensity in the
TMS. On CT, high density was observed
in the TMS in all 9 patients of group
A. The hyperintense areas on T1WI

matched the areas of high density on CT

scans. Among the patients in groups B

and C, though areas of slightly high den-

sity in the TMS were observed on CT in 5

patients, their densities were lower than

those in the group A.
Our pathologic analysis revealed

significantly more balloon cells in
group A compared with group B with
both KB (P � .007) and vimentin (P �
.011) stains (Fig 4), but there was no
significant difference concerning dys-

morphic neurons among the 3 groups

in KB (P � .69) and SMI-32 (P � .52)

stains (Fig 5). There was no significant

difference in the severity of gliosis

among the 3 groups (P � .93). Micro-

calcification was observed in 4 patients
in group A, but in 3 of the 4 patients, the microcalcification was

imperceptible. Microcalcifications were absent in groups B

and C.

FIG 3. Case 17, in group B. Axial T2WI (A), axial FLAIR (B), axial T1WI (C), and CT (D). T2WI and FLAIR
images obtained at 23 years of age demonstrate focal hyperintensity in the subcortical area
extending to the ventricle of the right abnormal parietal gyrus, indicating the TMS (arrows, A and
B). T1WI shows low intensity in the same area (arrow, C). CT shows low density (arrow, D). E,
Photomicrograph shows a few balloon cells (arrowheads), stained with vimentin (magnification
�200). Scale bars: 50 �m.
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DISCUSSION
We reviewed the clinical, radiologic, and pathologic findings in a

series of patients with T1 high signal in the TMS. To the best of our

knowledge, this is the first attempt to identify the etiology of the T1

high signal of the TMS by investigating the imaging and pathologic

findings. The results of our analysis demonstrated that there were

significantly more balloon cells in the T1-high-signal group than the

non-T1-high-signal group, but no evidence of differences regarding

dysmorphic neurons, the severity of gliosis, or calcifications. We

therefore speculate the following: 1) The density of the balloon cells

may be associated with the T1 high signal, and 2) our findings could

help diagnose the FCD subtype, more specifically FCD type IIb.

According to the current ILAE classification system,9 the pa-

thology of FCD is classified into 3 types: Type I has isolated cor-

tical dyslamination, type II has dysmorphic neurons with or with-

out balloon cells in addition to cortical dyslamination, and type

III occurs alongside another lesion (eg, hippocampal sclerosis,

tumors, or vascular malformations).5,9 The histopathologic hall-

mark of type IIb FCD is the presence of balloon cells, which have

an enlarged cell body with eosinophilic cytoplasm and are present

in all layers but tend to concentrate in the upper layers and white

matter.12,13 Several studies indicate that balloon cells are not ep-

ileptogenic.14,15 Although the exact role of balloon cells remains

obscure, several studies have found evidence of an increase in the

mechanisms leading to glutamate clearance in areas containing

balloon cells, thus reducing the spread of epileptogenic activ-

ity.16,17 Balloon cells could play a protective and/or antiepileptic

role.12

FIG 4. The greatest number of cells counted in the FOV at �200 magnification. Group differences in the number of balloon cells with KB (A) and
vimentin (B) stains. The boxplot shows the minimum, first quartile, median, third quartile, and maximum. Outliers are shown as small circles. The
number of balloon cells is significantly higher in group A versus group B in both stains. There were no balloon cells in group C (data not shown).

FIG 5. The greatest number of cells counted in the FOV at �200 magnification. Group differences in the number of dysmorphic neurons in KB
(A) and SMI-32 (B) stains. The boxplot shows the minimum, first quartile, median, third quartile, and maximum. Outliers are shown as small circles.
No significant difference in the cell numbers is shown by both stains.
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The TMS is the main radiologic landmark of FCD type II, but

it is more frequently detected in patients with type IIb than type

IIa and is the only MR imaging feature that can be used to accu-

rately identify type IIb.1,5-7 The etiology of the signal changes in

the TMS is thought to be some combination of gliosis, hypomy-

elination or dysmyelination, neuronal heterotopia, and balloon

cells,6,11 though an exact correlation has yet to be verified. The

TMS is typically hyperintense on T2WI and FLAIR and hypoin-

tense on T1WI.18 However, some patients have shown T1 high

signal. Our present pathologic study reveals that there are more

balloon cells in the T1-high-signal group, but there are no signif-

icant between-group differences in the number of dysmorphic

neurons or the severity of gliosis. Our results suggest that the

density of the balloon cells may be associated with the T1 high

signal. In addition, there was no T1 high signal in the other types

of FCD. The T1 high signal in the TMS may thus be regarded as

evidence of type IIb.

Eltze et al19 reported patients with FCD who had shown T1

hyperintensity during the first year of their lives, but it was diffi-

cult to identify them by the process of myelination. The degree of

myelination may be an additional factor to evaluate the MR im-

aging signal intensity of FCD in infants. In our study, only 1 pa-

tient was younger than 1 year of age (case 9 in group 1). However,

she had undergone an operation at 5 months, and we could not

observe the signal changing appearances.

Compared with other FCDs without the TMS, the presence of the

TMS indicated a high likelihood of a seizure-free outcome.20,21 De-

tecting these lesions during a preoperative examination is important

for surgical decision-making and improving postoperative out-

comes.1,22,23 If the preoperative MR imaging indicates type IIb, a

favorable prognosis can be expected after surgery.

Several research groups have reported the hyperintensity of

FCD and cortical tubers of tuberous sclerosis on T1-weighted

images with magnetization transfer contrast.8,24-26 Although Ka-

dom et al8 did not describe the type of FCD, these T1 hyperinten-

sities with magnetization transfer contrast may reflect the pres-

ence of balloon cells. The cortical tubers also show MR imaging

findings, known as the radially oriented white matter band, that

are similar to the TMS of FCD type IIb.27-29 Magnetization trans-

fer contrast is a technique for improving image contrast in MR

imaging, based on the difference in magnetic field–induced fre-

quencies between mobile free water protons and macromolecular

bound protons.26,30 Pinto Gama et al25 noted that the density of

cells and calcium deposition may also play a role by causing short-

ening of the water T1, leading to a decrease in the effectiveness of

signal suppression by magnetization transfer contrast. However,

in the present study, there were few cases with sparse calcifications

in the pathologic findings, and the association between high den-

sity on CT and calcifications was weak. We therefore suspect that

the high density on CT was due not to calcification but rather to a

high cell concentration, especially of the balloon cells themselves.

In addition, even in cases without calcifications in pathologic

findings, T1 high signal was observed, and we consider that calci-

fications were not necessarily associated with T1 high signal in our

patients.

This study has some limitations. First, the sample size of T1-

high-signal FCD cases was small (9 patients). However, we were

able to detect significant relationships with the balloon cell con-

centration. Many cases should be examined to test this result.

Second, the internal structure of the balloon cell has not been

clarified. Further pathologic studies are needed to validate this

information.

CONCLUSIONS
Some cases of FCD type IIb have T1 high signal in the TMS. The

density of balloon cells may be associated with this phenomenon,

and this information would be useful for differentiating FCD sub-

types and contributing to the diagnosis of FCD and its subtypes,

especially type IIb.

Disclosures: Yukio Kimura—RELATED: Grant: The Japan Society for the Promotion
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