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Table 1. Summary of the subjects
AD aMCI NS

age 75.5+7.3 74.6%6.9 69.9+8.1
gender (F/M) 110/59 42/61 29/30
TIV 1.29+0.12 1.37+0.11 1.37+0.13
gray volume (ml) 427+70 474+75 493+84
education period 10.8+2.7 11.6+3.2 13.4+3.0
SDS 32.4+5.6 31.6=5.0 34.0x7.1
MMSE 20.0£3.9 25.8+2.2 27.8+1.9
WMH (ml) 22.4+22.6 19.9+23.5 15.9+23.3

AD ; Alzheimer’s disease, aMCI ; amnestic mild cognitive impairment, NS ; normal

subject, TIV; total intracranial volume, SDS ;

self-rating depression scale, MMSE ;

Mini-Mental State Examination, WMH ; white matter hyperintensity.

Table 2. Effect screening of each factor

age gender group™
TIV 0.0140 <.0001 -
gray volume <.0001 - 0.002
education period 0.0052 0.0260 <.0001
SDS - - -
MMSE - - <.0001
WMH <.0001 - -

* Groups of Alzheimer’s disease, amnestic mild cognitive impairment, and normal subject.
TIV; total intracranial volume, SDS ; self-rating depression scale, MMSE ; Mini-Mental
State Examination, WMH ; white matter hyperintensity.
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SPM (new segmentaion)

Figure 1. Results of white matter segmentation in a brain with large ventricles. Seg-
mentation error was shown in SPM and VSRAD software but not in BAAD
software.

Probability map MLE+MAP

Figure 2. Comparison of segmentation results with maximum likelihood estimation
(MLE), MLE plus Markov random field (MRF), BAAD software (MLE+MAP),
and Bayes. Bayesian segmentation is used in SPM 8 software. The volume
of missegmentation of white matter lesions (arrows) is larger by MLE than by
Bayes’s method.
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Figure 3. Representative results of gray and white matter segmentation before and after

lesion filling.
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Figure 4.

subject’s age (left upper).

150
WMH volume (ml)

Scatter plots between volume of white matter hyperintensities (WMH) and
The other graphs show the relation between delta

z-scores after lesion correction and age, cerebrospinal fluid volume (CSF),
and WHM volume.
open circles indicate 70 or more years old.

BAAD + lesion filling

Dots indicate the subjects aged under 70 years old, and

VSRAD advance

: AD; 0.8488 vl AD; 0.8575 AD; 0.7653
i aMCl; 0.7342 aMCl; 0.7462 aMClI; 0.6247
r NS; 0.8280 NS; 0.8379 NS; 0.7838
BAAD BAAD + lesion filling
A

E AD; 0.9545 AD; 0.9667

aMCl; 0.9209 aMCl; 0.9429

NS; 0.9379 NS; 0.9483

Figure 5.

Receiver Operating Characteristic (ROC) curves for the combined medial
temporal lobes (a, b, ¢) and for total gray matter regions (d,e).

“g” and “d”

are the results from BAAD software, “b” and “e” are the results from BAAD

software following lesion correction.

“c” is the results from VSRAD software.

Figures given in each graph show the areas under the curves (AUC).
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Missclassification and Influence of white matter hyperintensities in voxel-based

morphometry analyses for Alzheimer’s disease

Akihiko Shiino", Toshiyuki Watanabe” , Yoshitomo Shirakashi®, Atsushi Yamada?, Tkuo Tooyama®
UBiomedical MR Science Center, Shiga University of Medical Science
Y Department of Neurology, Uji-Takeda Hospital
¥ Department of Neurology, Jjinkai-Takeda Hospital
YDepartment of surgery, Shiga University of Medical Science
YMolecular Neuroscience Research Center, Shiga University of Medical Science

White matter hyperintensity (WMH) is a feature of small-vessel cerebrovascular disease, and is assumed to be an
independent pathogenetic factor for Alzheimer’s disease (AD). In the process of voxel-based morphometry (VBM) anal-
yses, WMH can be misclassified as gray matter in T1-based segmentation, and this may negatively affect the accuracy of
VBM analyses. To assess the influence of WMH misclassification on evaluation of AD brains, we measured medial tempo-
ral atrophy of 169 subjects diagnosed as probable AD, 103 subjects diagnosed as amnestic mild cognitive impairment
(aMCI), and 59 elderly normal subjects (NS), using BAAD software. WMH was segmented from FLAIR images using LST
software, and the segmented regions were “filled” in the 3D-SPGR images before VBM. We applied linear discriminant
analyses and plotted the corresponding response operating characteristics curves. The area under the curve was
increased 1.0% in AD, 1.6% in aMCI, and 1.2% in NS after WMH correction. These results indicate that misclassification
of WMH does not greatly influence the evaluation of medial temporal atrophy for AD diagnosis. However, 4.8% (16/331)
subjects showed more than one unit of z-score change in their hippocampus after WMH correction, so it seems to be better

to introduce lesion filling or multi-channel VBM technique.
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