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Voxel-based Morphometry (VBM) Based Assessment of Gray Matter Loss in
Medial Temporal Lobe Epilepsy; Comparison with FDG PET
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Abstract

Purpose: The aims of this study were to find brain regions in which gray matter volume was reduced and
to show the capability of voxel-based morphometry (VBM) analysis for lateralizing epileptogenic zones in
medial temporal lobe epilepsy (MTLE). The findings were compared with fluorodeoxyglucose positron
emission tomography (FDG PET). Materials and Methods: MR T1-weighted images of 12 left mTLE and
11 right mTLE patients were compared with those of 37 normal controls. Images were transformed to
standard MNI space and averaged in order to create study-specific brain template. Each image was
normalized to this local template and brain tissues were segmented. Modulation VBM analysis was
performed in order to observe gray matter volume change. Gray matter was smoothed with a Gaussian
kernel. After these preprocessing, statistical analysis was performed using statistical parametric mapping
software (SPM99). FDG PET images were compared with those of 22 normal controls using SPM. Results:
Gray. matter volume was significantly reduced in the left amygdala and hippocampus in left mTLE. In
addition, volume of cerebellum, anterior cingulate, and fusiform gyrus in both sides and left insula was
reduced: In right mTLE, volume was reduced significantly in right hippocampus. In contrast, FDG uptake
was decreased in broad areas of left or right temporal lobes in left TLE and right TLE, respectively.
Conclusions: Gray matter loss was found in the ipsilateral hippocampus by modulation VBM analysis in
medial temporal lobe epilepsy. This VBM analysis might be useful in lateralizing the epileptogenic zones in

medial temporal iobe epilepsy, while SPM analysis of FDG PET disclosed hypometabolic epileptogenic
zZones.
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Fig. 1. VBM procedure administrated in T1-weighted MR images of mTLE. Analyze image (A) were performed
affine transformation to standard MNI template (B). Each transformed images were averaged (C) in order
to local study-specific template. Averaged image was smoothed with a Gaussian kernel of 8mm FWHM

~ (D). Each images were normalized to local template with nonfinear component (E) and segmented gray
" matter, (F) white matter and CSF. Modulation procedure was applied to gray matter images (G). Al
segmented gray matter images were smoothed with a Gaussian kernel of 12mm FWHM (H).



Voxel-based Morphometry (VBM) Based assessment of Gray Matter Loss in Medial Temporal Lobe Epilepsy; Comparison with FDG

L =4 [<]
2.1x2.1x3.4 mm, g4 mjlEZ A2 F7]= 128x128
ol i},

Jaxz|

BEE MR 94& Analyze Aoz wizglslo]
MATLAB version 6 (Mathworks, Inc., MA, USA)
HANA AL3E= SPMI9 A Z E o] (Wellcome
Department of Cognitive Neurology, Institute of
Neurology, London, UK)Z <14+ A x| 2lel SAE

4 sheiet
sh47] HEHEA

Analyze Al o g wzlsl o A (Fig. 1A)E AL
& (anterior commissure) -Z- 32 (posterior commissure)
As FALRE AX) 2480t s ZEFT
o2 Bkl 378 eAE Folv dAskel
A BE Q4 A Hlabgel Eolviyl A FA4
AXz zA st

1. BESeE 3HNs

SPMol| A Al 25l 152w el MNI
(Montreal Neurological Institute) 3
(template)ol] F-7H8 13tk ol H
EEDE ek QTS5 B0 A4
st7] Sl A olu] SPM99ClA Algshe 1524
o BF 4ol ARHY WHLLE, 5 127]2)
gbepelle] & A $h(affine transformation)s}o] -3
7+ AslgickFig. 1B).

2. 88 EZEBAY
EF FHoR B AA BAsh U=
[*]

o

H
A3 AFig 10E W) o

e A

—

4% 8 mme] Ak AR
F3 4 2elo] B8} giekFig. 1D).

PET 33

(Fig. 1P). SPMe] A% BUTA oA FHFo] A
shol7l FRE0] BYHA %S ATE thulste]
S REe nhazE A9 AWAT Bl

A5E & 5% SHACHE 10

5. WX
Arte) gie AT-5A EFBl H4YA
Wl ERAFHNE WEALE olgeiel
vled sl =5 Jacobian

6. mHEst

Wz BAE AR A4S, A o FenE
ol wlx RAEZA kE AL HolE F
7] flste] 12 mme] WA F-E Zte THAIL A

Q2 SRl Btk

=
puy A
8N
=

7. BA SHNE]

Ax B o] BF B BE il A5
QupAs mE wAe) SPM99E EAX et
duigitha 58 dojgle] Avle FaA 4
(extent threshold k = 0) 3}4¢] AZAE Folut
EAAZsAG. AgrglE FEE FE ANFELS
SPM A eld) Fol] 7974 E(false discovery rate;
FDR) a=0.019) Eoladx]& Akgkr}.!” o)&lA v
2 &) doleld o|Fa AdS A5 aAsA
o2 Pzt 005 Bt 22 ol o] T4 Hjgke
Talairach #3%& Al A8l cH(Table 1).



34 skl EtslA): A38H AlE 2004

Table 1. Results from the VBM analysis in Patients with Temporal Lobe Epilepsy relative to Normal

Control
Group Side Region X Y 4 T-value

Left TLE Left Amygdala 24 -4 -14 6.03
Cerebellum -30 -55 -20 5.33

Hippocampus -26 -9 20 520

Insula -39 0 -4 5.00

Fusiform gyrus -41 -53 -18 463

Cerebellum -3 -57 -32 413

Cerebellum -14 ~-64 -6 4.10

Anterior cingulate -3 46 -2 4.08

Right Cerebellum 41 -48 -19 534

Cerebellum 36 54 ~22 5.29

Anterior cingulate 5 47 0 5.26

Cerebelium 26 ~-47 -14 520

Fusiform gyrus 41 -67 -14 411

Parahippocampus 26 -4 -19 3.50

Right TLE Right Hippocampus 33 -15 -16 6.18
Middle temporal gyrus 59 1 -12 5.03+

Cerebellum 42 -53 -30 4.72+

Fusiform gyrus 33 -35 -15 4,02+

Insula 42 8 -5 3.35+

Left Cerebellum -23 ~73 -31 3.92+

Cerebellum =27 -41 -23 3.26+

Regions of gray matter volume reduction were presented in each patient groups relative to normal control. The cutoff used
was P<0.05 cluster level, uncorrected for multiple tests.
« The cutoff used was FDR a=0.07(T=3.07).

Table 2. Comparison VBM analysis of MRl and SPM analysis of FDG PET

MRI FDG PET
Meaning . ) .
of signal ~Volume and density of gray matter and white matter Glucose metabolism
Analysis Standard VBM modulation VBM SPM
Meaning ) ) )
of result concentration change Volume and concentration change Metabolic change
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Fig. 2. The brain regions with significant reduction of gray matter volume (A) in left mTLE relative normal and
{B) in right mTLE relative to normal control. (FDR a=0.01)
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Fig. 3. The brain regions with significant decrease of FDG uptake (A) in left mTLE relative to normal and (B) in

right mTLE relative to normal control (FDG a=0.01)
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Fig. 4. Modulated gray matter images of each group were averaged. (A) Left mTLE , (B) normal control, and
(C) right mTLE group. Volume Reduction of hippocampal areas in ipsilateral side of epileptogenic foci

were visually observed.
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Fig. 5. Modulated gray matter averaged image of patient groups was

simply substracted 1o - that

of normal control. (red):Left

hippocampal size of left mMTLE was smaller than normal control.
(blue):Right hippocampal size of right mTLE was smaller than

normal control.
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