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Classification of Brain M agnetic Resonance | mages for Bipolar Disorders Based on
Voxel-based M orphometry and Bayesian Theorem
Yong-Sheng Chen', Li-Fen Chen??, Ya-Ting Chang", Yung-Tien Huang", Jen-Chuen Hsieh?®, Tzu-Chen Yeh*?
'Department of Computer Science, National Chiao Tung University
?Institute of Brain Science, National Yang-Ming University
3Integrated Brain Research Laboratory, Taipei Veterans General Hospital

Introduction: Neuroanatomical abnormalities often exist in patients with bipolar disorder(BD). Volumetric changes
of some particular regions, such as caudate, putamen, amygdala, hippocampus, and the subgenual prefrontal cortex,
are found in the patients during the early stages of the disease (Hajek 2005). In order to provide an objective index
for early diagnosis, we applied machine learning techniques to develop a computer-aided eval uation system that can
estimate the probability of being a BD patient according to the whole-brain magnetic resonance images (MRI).
Methods: 15 patients with BD and 76 healthy volunteers without neurological or psychiatric disorders were recruited
by the Psychiatric Department at the Taipei Veterans General Hospital. MR Images of all subjects were acquired by a
1.5T GE scanner (GE Medical Systems, Milwaukee, WI) with the imaging parameters of TR = 8.672 ms, TE = 1.86
ms, FOV = 26x26x10 cm3, and image size of 256x256x124. The proposed system consists of three main
procedures: region of interest (ROI) determination, feature selection, and model learning, as shown in Figure 1. The
ROI was determined by voxel-based morphometric analysis to revea significant anatomical discrepancy between
BD patients and normal controls. The most representative features were then extracted from the ROl by applying
principal component analysis followed by significance calculation. Finaly, the two-group classification model was
constructed based on Bayesian theorem in which the likelihood function was estimated with the Parzen window
method.

Results: Hotspots shown in Figure 2 are the ROIs indicating the gray matter atrophy of BD patients revealed by
VBM analysis. Figure 3 shows the histogram of the estimated probability belonging to the “patient” group for each
group (gray-color bars are for healthy controls and black for BD patients). Based on the maximum-a-posterior
criterion, the sensitivity (1 - missed detection rate) of the proposed system is 100% and the specificity (true negative
rate) is 84.2%.

Conclusions: The proposed computer-aided evaluation system can accurately distinguish the MRIs of BD patients

from those of normal controls. Such system provides a possibility of early diagnosis for bipolar disorders.
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Affine and nonlinear spatial normalization techniques using derivatives of brain magnetic
resonance images
Jia-Xiu Liu', Yong-Sheng Chen', Li-Fen Chen®*?
'Department of Computer Science, National Chiao Tung University
?Institute of Brain Science, National Yang-Ming University
3Integrated Brain Research Laboratory, Taipei Veterans General Hospital

Introduction: Registrations of structural brain images typically include affine transformation followed by nonlinear
deformation. In general, each registration involves several nonlinear optimization tasks and good initial estimates
dominate the results in efficiency and accuracy. This work, from this point of view, developed a novel method which

utilized structure information extracted from image derivative.

Methods: In the proposed method, the affine registrations of brain images are analytically initialized by closed form
solutions which can robustly approximate brain orientations and escape the local traps in optimizations. For
nonlinear registrations, image deformation is modeled by a set of Wendland’s radial basis functions (RBFs). To
achieve efficient and accurate results, al RBFs are distributed near the brain structures determined by image
derivative. Simulation data were used for performance validations. Sixty simulated brain MR images were
constructed by applying random affine transformations to compare the proposed affine deformation method with
AIR5, SPM2, and FLIRT agorithms. Two simulation experiments were conducted to validate the accuracy and
efficiency of the proposed nonlinear registration algorithm. First, ssimulated brain MR images were generated by
thin-plate spline transformations and then used to compare the proposed method with the SPM2 algorithm. In the
second simulation, we applied SPM2 to register numerous brain images and regarded the obtained deformation fields
as the ground truths for comparison with HAMMER and ART agorithms. Moreover, a VBM study with different

cerebellum atrophy degrees was conducted to assess the effects of registration accuracy upon the analysis results.

Results: The simulation results shown in Figures 1 and 2 clearly indicated that our proposed methods were superior
to other agorithms in both accuracy and efficiency. Figure 3 showed that the structure discrepancies discovered by
VBM (p-value=0.005) using the proposed registration method (Figure 3.(a)) were more focal than SPM2 (Figure
3.(b)). The ROC curves and the correlation coefficients between the ground truths and the t-maps obtained from
VBM analysis results, as shown in Figure 4, clearly indicated that our method can relatively reported structure

discrepancies with high accuracy.

Conclusions: In this work, we developed an affine and a nonlinear registration method which can be applied to
normalize brain images into standard stereotaxic spaces for VBM structural analyses. Our simulation results showed
that the proposed registration methods can efficiently register brain images with high accuracy compared to several
presented algorithms, including SPM2, AIR5, FLIRT, ART, and HAMMER. Our simulation results aso
demonstrated that the accuracy of VBM analysis is highly dependent on the accuracy of registration method.

Accurate registrations can facilitate the exactitude of structural analyses.
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M agnetoencephalographic evidence of right frontal impair ment of negative emotion
processing in bipolar disorder
Li-Fen Chen?, Ying-Chia Lin? Yong-Sheng Chen?, Jen-Chuen Hsieh™?, Tung-Ping Su*®
Institute of Brain Science, National Yang-Ming University
?Integrated Brain Research Laboratory, Taipei Veterans General Hospital
3Department of Computer Science
“Division of Psychiatry, School of Medicine, National Yang-Ming University
®Psychiatric Department, Taipei Veterans General Hospital

Introduction: The neural network associated with emotion perception is distributed and dynamic. In this work we
investigated the emotion processing in human brains by using the magnetoencephalograhy (MEG) due to its
advantage of high temporal resolution. We hypothesized that there exists asymmetric cortical activities of emotional
responsive areas between two hemispheres in normal controls and examined if such asymmetry exists in bipolar

affective disorders.

M ethods: There were 11 bipolar disorder (BD) patients (mean ages 34+10 y/o, 8 females) selected from outpatients
of the Psychiatry Department of Taipei Veterans General Hospital and 11 healthy normal controls (NC) (mean ages
34+12 ylo, 5 females) recruited in this study. Each subject was asked to perform gender judgment task with visual
stimuli containing faces with three different expressions (neutral/happy/angry, 72 trials each). The MEG signals
(sampling rate 1000 Hz) were recorded with a whole-head 306-channel MEG system (Neuromag Vectorview-306,
Finland). Four main ERMF components, M85, M145, M200 and M230, for each emotion of each individual were
selected manually from the on-line averaged data. The image of the current density reconstruction (CDR) for each
component was calculated with the SLORETA method (Curry 5.0). All CDR images were spatially normalized into a
standard stereotaxic space by using SPM2 and then smoothed with a 12mm Gaussian kernel for statistical analysis.
Furthermore, 38 volume of interest (VOI) were created by using the Marsbar toolbox and were used to investigate
the regional effects between BD and NC groups.

Results: Figures 1 and 2 show the second-level statistics (n=11, cluster size > 20 voxels, p<0.001, uncorrected) of
CDR images for each component (M85, M 145, M200, M230) in response to positive (happy), negative (angry) and
neutral facial expression for BD and NC groups, respectively. The statistics of each VOI is shown in Figure 3 where
horizontal axisisfor VOI index (anterior-posterior) and vertical axisisfor F-statistic value of the corresponding VOI.
For the M85/M 145 components in the NC group, there is no significant difference of F-statistic profiles between
positive and neutral expressions. Whereas the F-statistic profiles in negative expression show that the right frontal
lobule (inferiorfrontal) has more significant activities than left frontal lobule in M85 component. However, we

cannot see this asymmetry phenomenon in BD patients.

Conclusions: The results indicated that the right hemisphere (especialy frontal regions) may be involved in
processing the information of negative emotion context in the M85 component. The right frontal impairment in
bipolar disorder patients was found while implicitly processing of negative emotion. Our finding is consistent with
the hypothesis that the function disturbances in the right cerebral hemisphere may be related to the pathogenesis of
bipolar disorder (Michael et al. 2004). Our results might provide the evidence that the right hemisphere dominatesin

mood regulation.
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