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Aberrant Midsagittal Fiber Tracts in Patients with

ORIGINAL .
researcH | Hemimegalencephaly
N. Sato BACKGROUND AND PURPOSE: In hemimegalencephaly, MR imaging often reveals midsagittal bandlike
M. Ota structures between the 2 lateral ventricles. To determine whether these structures are aberrant
A. Yagishita midsagittal fibers, we retrospectively reviewed them on conventional MR imaging and prospectively
) Y. Miki examined them by diffusion tensor MR and fiber tract (FT) reconstruction imaging.
. Miki
T. Takahashi MATERIALS AND METHODS: \We retrospectively reviewed conventional MR images of 26 consecutive
’ . patients with hemimegalencephaly by 2 neuroradiologists, focusing on abnormal midsagittal struc-
Y. Adachi tures. The distance between the 2 anterior horns and widths of midsagittal bandlike structures were
Y. Nakata measured. Prospective analysis was performed in 7 consecutive patients with hemimegalencephaly
K. Sugai examined for midsagittal aberrant fibers by diffusion tensor imaging, and cortical distribution areas of
M. Sasaki the fibers were observed.

RESULTS: The distance between the 2 anterior horns was wide (>4 mm) due to white matter—
intensity structures in 20 of 26 patients (76.9%). Mid-sagittal bandlike structures were observed in 15
patients (57.7%). Asymmetry of the fornices was detected in 7 patients (26.9%), and both fornices
were thickened in 7 (26.9%) patients. On FT reconstruction, images showed that 4 of 7 patients with
hemimegalencephaly had aberrant midsagittal fibers connecting frontal, occipital, or parietal lobes,
bilaterally (n = 3) or ipsilaterally (n = 1). All 4 patients had increased width between the 2 anterior
horns, and 3 of them exhibited midsagittal bandlike structures on conventional MR imaging. On the
other hand, these MR imaging findings were not noted in 3 patients who did not have aberrant
midsagittal fibers on diffusion tensor imaging.

CONCLUSIONS: Aberrant midsagittal FTs running intra- or interhemispherically do not infrequently exist

H emimegalencephaly is a rare but unique malformation
characterized by enlargement of all or a part of a cerebral
hemisphere.'® These morphologic, histologic, and MR imag-
ing findings have previously been described.””® However, to
our knowledge, no reports have focused on abnormal midsag-
ittal structures. In most patients with hemimegalencephaly,
the distance between the 2 anterior horns of the lateral ventri-
cles is increased due to the presence of white matter—intensity
regions, where a thin septum pellucidum is present in healthy
subjects. In addition, the white matter—intensity region be-
tween the anterior horns continues posteriorly to form a
bandlike structure between the 2 lateral ventricles and beneath
the body of the corpus callosum. We speculated that the mid-
sagittal bandlike structures may be aberrant white matter
tracts, given their intensity and continuity.

Diffusion tensor imaging has opened up new possibilities
of imaging of fiber tracts (FTs) in the brain by estimation of
the whole diffusion tensor. Diffusion tensor imaging enables
evaluation of the orientation of white matter fibers deter-
mined from the primary eigenvector of the diffusion tensor
and can depict the 3D FT from directional information.'® Use
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in patients with hemimegalencephaly.

of the 3D tracking method has enabled successful identifica-
tion of axonal projections."'

In this study, we retrospectively reviewed MR imaging
findings of patients with hemimegalencephaly, focusing on
midsagittal structures, such as the distance between the ante-
rior horns occupied by white matter—intensity regions; the
existence of bandlike structures; and asymmetry or enlarge-
ment of the fornices. We also prospectively evaluated aberrant
midsagittal fibers by diffusion tensor MR and FT reconstruc-
tion imaging and compared results with those of MR imaging.

Materials and Methods

Patients and MR Imaging Examinations

We first performed a retrospective MR imaging analysis. MR imaging
findings were reviewed for 26 serial patients with hemimegalen-
cephaly (19 males and 7 females; 11 weeks to 19 years of age; mean age,
1.6 = 4.6 years). The patients were identified by medical records and
had been hospitalized between January 1998 and December 2005 in 2
institutions. All patients had been hospitalized for intractable epi-
lepsy, with detailed examinations performed to determine whether
surgical treatment was indicated. The diagnosis was made on the basis
of both clinical and imaging findings. The standard evaluation in-
cluded detailed history and neurologic examinations, scalp electroen-
cephalographic recording, technetium-Tc99m L-ethyl cysteinate
dimmer single-photon emission CT, and MR imaging studies. We
also prospectively performed MR imaging studies, including diffu-
sion tensor sequences for 7 serial patients with hemimegalencephaly
(6 males and 1 female; 2 months to 11 years of age; mean age, 4.3 + 4.4
years) in our institution from March 2005 to November 2006. The
standard evaluation for diagnosis was the same as that for the retro-
spective study. This study had appropriate ethics committee ap-
proval, and written informed consent was obtained from all patients.
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Fig 1. A 19-year-old female patient with left hemimegalencephaly evaluated in the retrospective analysis. A, T2-weighted image shows increased width (arrows) between the 2 anterior
horns due to a white matter—intensity structure (arrowhead). B and C, The white matter—intensity structure appears to extend posteriorly and to pass through the bodies of the lateral
ventricles beneath the corpus callosum (arrow).

In a retrospective analysis, MR images were obtained on a 1T
(Magnetom Impact; Siemens, Erlangen, Germany) or 1.5T imager
(Signa; GE Medical Systems, Milwaukee, Wis). Sequences included
T1-weighted images (TR, 300—624 ms; TE, 9-15 ms; section thick-
ness, 4—7 mm; intersection gap, 0.5-1.7 mm; matrix, 256 X 224 or
256 X 256; number of acquisitions, 2), T2-weighted images (TR,
4000—-4200 ms; TE, 95-121 ms; section thickness, 3—6 mm; intersec-
tion gap, .05—1.7 mm; matrix, 256 X 224 or 256 X 256 or 512 X 448;
number of acquisitions, 2 or 3), fluid-attenuation inversion recovery
images (TR, 8000-10002 ms; TE, 2200-2500 ms; T1, 104—158 ms;
section thickness, 5-6 mm; intersection gap, 1-2.5 mm; matrix,
256 X 192, or 256 X 256, or 512 X 432; number of acquisitions, 1),
T2-weighted inversion recovery images (TR/TE/IR; TR, 4000—4210;
TE, 120-150; TI, 32— 85; section thickness, 3—4 mm; intersection gap,
0.3-2 mm; matrix, 256 X 256 or 512 X 432; number of acquisitions,
2 or 3), and 3D high-resolution sagittal T1-weighted fast low-angle
images (TR, 1970 ms; TE, 3.9 ms; T, 110 ms; sagittal thickness sec-
tions, 1.2 mm; 144 sections per patient; matrix, 512 X 228; number of
acquisitions, 1). Three different planes were obtained in all MR im-
aging examinations except 3 studies that included the axial and coro-
nal planes.

In 7 patients with hemimegalencephaly, prospective MR imaging
studies were performed on a 1T imager. In addition to the conven-
tional sequences of 3 different planes as described previously, diffu-
sion tensor imaging was performed in the axial plane (TR, 10,100 ms;
TE, 113 ms; FOV, 230 X 230 mm?; matrix, 128 X 128; 40 continuous
transverse sections; section thickness, 3 mm; no intersection gap). To
enhance the signal intensity-to-noise ratio, the acquisition was re-
peated 5 times. Diffusion was measured along 12 noncollinear direc-
tions with the use of a diffusion-weighted b factor in each direction,
with 700 s/mm?; and 1 image was acquired without the use of a dif-
fusion gradient.

Interpretation of MR Imaging Findings

All MR images were evaluated by 2 neuroradiologists (N.S. and A.Y.,
with 19 and 25 years of experience with MR imaging, respectively).
Results were determined by consensus of the 2 readers. All serial im-
ages obtained for each patient were reviewed at the same time. We
measured the distance between the inner walls of the anterior horns of
the lateral ventricles at the narrowest point, which were opacified by
white matter—intensity structures where the septum pellucidum was
present in healthy subjects. When the cavum of the septum pelluci-
dum was identified, the distance was measured at the solid portions
excluding the cavities. The distance was considered wide when it was
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>4 mm, due to the certainty and measurement errors. We also eval-
uated the presence or absence of midsagittal bandlike structures be-
tween the 2 lateral ventricles and beneath the body of the corpus
callosum. When they were identified, we measured their thickness.
We also evaluated the asymmetry and thickness of the fornices, which
sometimes transited to the midsagittal bandlike structures.

Diffusion Tensor Imaging Data Processing

Raw diffusion tensor data were transferred to a workstation, diffusion
tensor imaging datasets were analyzed by using DTIStudio software
(Johns Hopkins University, Baltimore, Md; available at http://
cmrm.med.jhmi.edu), and 3D FTs were drawn on color maps.'? In
axial, coronal, and sagittal sections, green was assigned to anteropos-
terior, red to left-right, and blue to craniocaudal directions.'>'* To
demonstrate the aberrant midsagittal fibers passing anteroposteriorly
through between the 2 anterior horns of the lateral ventricles (Fig.
1A), we used a region-of-interest approach.'® First, tracking was per-
formed by using all pixels inside the brain, and results included in the
manually defined regions of interest were assigned to the specific
tracts associated with the regions of interest.'® We located the regions
of interest in the green area between the anterior horns of the lateral
ventricles on the coronal image, with attention paid not to include the
red corpus callosum just above it. Fiber tractography was performed
with the threshold value of fiber-tracking termination as FA = 0.2 and
a trajectory angle of 50°.'” We observed the existence of midsagittal
aberrant fibers. If an FT of a part of the fornix was drawn, it was not
considered as aberrant fibers because the column of fornix is located
inferior to the septum pellucidum. All fibers except for the fornix were
admitted as aberrant fibers. When midsagittal aberrant fibers were
detected, their cortical distribution areas and penetrating courses
were observed.

Results

Retrospective MR Imaging Findings for Mid-Sagittal
Structures

The distance between the 2 anterior horns was wide (>4 mm)
and occupied by white matter—intensity structures in 20 of the
26 patients (76.9%) (Fig 1A). Thickness ranged from 2 to 18
mm (mean, 6.5 * 4.5 mm). Mid-sagittal bandlike structures
between the lateral ventricles and beneath the body of the cor-
pus callosum were observed in 15 of the 20 patients (75%) and
in 57.7% of all patients (Fig 1B, -C). Their thickness ranged



Fig 2. An 8-year-old boy with left hemimegalencephaly (case 1). A, Coronal T2-weighted inversion recovery image shows a white matter—intensity structure between the 2 anterior horns
(arrow). B, Axial T2-weighted image shows a midsagittal bandlike structure between the bodies of the 2 lateral ventricles (arrow). It appears to cross from anterior-left to posterior-right.
C, Coronal T2-weighted inversion recovery image. The left fornix (arrowhead) is normal, while the right one (arrow) is thick. D—F, 2D coronal (D), 2D axial (£), and 2D coronal (f) views
on fiber tract (FT) reconstruction. The images correspond to A, B, and C, respectively. Aberrant midsagittal fibers penetrate the midsagittal bandlike structures shown in A-C. G and H,
3D superior (G) and 3D right lateral (H) views on FT reconstruction. The fibers run between the 2 frontal lobes and the contralateral occipital and parietal lobes. The main fibers pass through
the right crus of the fornix.

from 2 to 13 mm (mean, 5.7 = 3.1 mm). Asymmetry of the
fornix was detected in 7 patients (26.9%) (Fig 2C), and both
fornices were thick in 7 patients (26.9%) (Fig 3C).

MR Imaging Findings and Diffusion Tensor Tractography
in a Prospective Analysis

In 3 of the 7 patients with hemimegalencephaly, the distance
between the 2 anterior horns was not wide, and midsagittal
bandlike structures were not observed. The FT reconstruction
images for them revealed only portions of the fornices. How-
ever, in the remaining 4 patients (cases 1-4), the distance be-
tween the 2 anterior horns was wide (from 4 to 22 mm) on MR
images, and all 4 exhibited aberrant fibers on FT reconstruc-
tion images (Figs 2 and 3). In 3 of them, midsagittal bandlike
structures beneath the corpus callosum were observed, and
their widths were 16, 5, and 3 mm. The asymmetry of the
fornix was noted in 2 of them, and both fornices were thick-
ened in 1 patient. For example, in case 1, on conventional MR

imaging, a midsagittal bandlike structure passed between the 2
lateral ventricles and continued to the contralateral asym-
metrically thick fornix (Fig 2A-C). These structures corre-
sponded to aberrant fibers shown on 2D FT reconstruction
images (Fig 2D, -F). Aberrant fibers ran between the 2 frontal
lobes and the contralateral occipital lobe, passing through the
contralateral thick crus of the fornix shown on 3D FT recon-
struction images (Fig 2G, -H).

In case 2, the 2 anterior horns were separated by massive
white matter—intensity structures (Fig 3A), which extended
posteriorly and transited into both thick fornices (Fig 3B, -C).
On FT reconstruction images, these structures corresponded
to the aberrant fibers shown on 2D images (Fig 3D, -F). The
3D FT reconstruction images included all of the aberrant mas-
sive fibers, extending between the bilateral frontal lobes and
the bilateral occipital and parietal lobes (Fig 3G, -I). In 3D FT
reconstruction images of case 3, aberrant fibers spread to ip-
silateral frontal and parietal lobes and the contralateral frontal
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Fig 3. An 11-year-old boy with right hemimegalencephaly (case 2). A, Coronal T2-weighted inversion recovery image shows markedly increased width between the 2 anterior horns occupied
by a white matter—intensity structure (arrows). B, Axial T2-weighted image demonstrates an abnormal white matter—intensity bandlike structure between the 2 lateral ventricles (arrow),
which separates in the posterior portion and runs a course similar to that of the cruces of the fornices (arrowheads). C, Coronal T2-weighted inversion recovery image posterior to that
in A also detects bilateral marked thickening of the cruces of the fornices (arrows). D-F, 2D coronal (D), 2D axial (£), and 2D coronal (F) views on FT reconstruction. These images correspond
to A B, and C, respectively. Aberrant midsagittal fibers penetrate the midsagittal abnormal white matter—intensity structures shown in A-C. G-/, 3D superior (G), 3D left lateral superior
(H), and 3D left lateral (/) views on FT reconstruction. Aberrant massive fibers connect the bilateral frontal and occipital and parietal lobes passing through abnormal midsagittal structures.
They are dominant ipsilaterally.

lobe. In case 4, aberrant fibers extending to the ipsilateral fron-
tal lobe were crossing to the contralateral crus of the fornix.

Discussion
Mid-sagittal bandlike structures between the lateral ventricles
were observed in more than half of 26 patients with hemi-
megalencephaly on conventional MR imaging. FT reconstruc-
tion images showed them as fibers passing anteroposteriorly
through between the 2 anterior horns of the lateral ventricles
and connecting intra- or interhemispherically (Figs 2, 3), a
finding never observed in healthy subjects.'®'”

In patients with hemimegalencephaly, only unilateral cere-

826  Sato | AJNR 29 | Apr 2008 | www.ajnr.org

bral hemisphere is enlarged. Although the etiology of this con-
dition is unknown, it has been postulated to occur due to
insults during the second trimester of pregnancy or as early as
the third week of gestation, as a genetically programmed de-
velopmental disorder related to cellular lineage and establish-
ment of asymmetry.” Hemimegalencephaly may also be a pri-
mary disorder of proliferation, in which neurons that are
unable to form synaptic connections are not eliminated and
thus accumulate. In these processes, normal FT's may not de-
velop or abnormal FTs may develop in abnormal locations.
Aberrant FTs have been reported in other developmental
anomalies.'®*’ The Probst bundle is the most famous of them



and is observed in patients with agenesis of the corpus callo-
sum. In patients with this condition, during development of
axonal fibers (future callosal fibers), the fibers are incapable of
crossing the midline due to the absence of the massa commis-
suralis, and nerve fibers instead follow a caudal course,
grouped in a thick longitudinal Probst bundle. Diffusion ten-
sor methods are most suitable for demonstrating it, and many
articles on this bundle have been published describing results
of diffusion tensor tractography.'”** Vachha et al'® described
other aberrant fibers in patients with myelomeningocele and
Chiari II malformation. They described limbic fiber abnor-
malities and noted that many patients had defects within the
fornices and/or cingulum and that some had aberrant fibers of
the cingulum. FT reconstruction images showed fibers of the
cingulum crossing obliquely over the corpus callosum and
cingulum, which appeared to be composed of multiple parallel
aberrant bundles.'” In other anomalies, such as holoprosen-
cephaly and lissencephaly, abnormal fibers can also be dem-
onstrated by using diffusion tensor methods.”"** However,
there have been no previous reports of diffusion tensor trac-
tography of patients with hemimegalencephaly.

In healthy subjects, no fibers are present at the septum
pellucidum, which is located between the 2 anterior horns. 16,24
However, we found white matter—intensity structures there in
77.4% of patients with hemimegalencephaly on conventional
MR images. In 4 of 7 patients in whom a diffusion tensor study
was performed, the distance between the 2 anterior horns was
wide (>4 mm). This region was opacified with white matter
intensity, and all 4 had aberrant fibers on FT reconstruction
imaging. On the other hand, in 3 of 7 patients, this distance
was not wide and no aberrant fibers were detected on FT re-
construction imaging, though portions of the fornices were
imaged. The column of the fornix is located in the inferior
portion of the septum pellucidum and may be included by
placing a region of interest between the anterior horns, or the
fornix may be slightly enlarged.

Several articles have described abnormalities of midline
structures in patients with hemimegalencephaly detected by
imaging. One noted “distortion of the midline,”* whereas an-
other described “enlarged abnormal gray and white matter
structures at the anterior corpus callosum medial to the ven-
tricle that displaced the lateral frontal horns.”*® These findings
may correspond to our white matter—intensity structures be-
tween the 2 anterior horns. Furthermore, the latter article
noted that the incidence of these findings was 75%,2° and al-
most the same as in our study. However, to our knowledge, no
previous study displayed aberrant FTs in patients with
hemimegalencephaly.

Our diffusion tensor study included only a limited number
of patients, and we have not examined autopsy cases. Further
studies with larger groups of patients will yield findings on
variation among patients in such aberrant fibers, and autopsy
studies would prove the existence of aberrant fibers of patients
with hemimegalencephaly.

Conclusions
The abnormal midsagittal bandlike structures in patients with
hemimegalencephaly were revealed as aberrant fibers on FT

reconstruction imaging. Such structures were found in more
than half of patients with hemimegalencephaly examined. Dif-
fusion tensor imaging is a useful method for demonstrating
white matter structures not apparent on routine imaging
sequences.
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