NSC92-2218-E-041-002-
92 08 01 93 07 31

93 11 2



A Computer Ai
Dementi a
Characteri st

ded

Doi sfifse rfeonrt itahle DBieav
of Al

c-Point -

Zhei mer S

Based

NSC 92-2218-E-041-002-

92 8

1 93 7 31

E-mail: gtkyin@mail.chna.edu.tw

(Alzheimer’s)
SPECT
SPECT
(temporal) (parietal)
(frontal)
SPECT
SPECT
(MMSE) Orientation
Registration
Attention and calculation Recall
Language
(CPFIS)
SPECT
SPECT CAS
CPFIS CAS
P (t
) 0.0447
CPFIS

" hypothesis test is 0.0475.

CASI

Abstract

Alzheimer's disease (AD) causes cerebra
neuronal  degeneration. Its patients
gradually lose cognitive abilities until death.
Clinicaly early detection of AD is helpful in
taking care of the patients. The nuclear
imaging method, SPECT, is a useful tool in
anayzing the cerebral blood flow. Most
common regional abnormalities for AD is
symmetric or asymmetric bilateral temoral or
parietal hypoperfusion, or frontal
hypoperfusion. Some research shows that
the mini-mental state examination (MM SE)
of AD correlates with the regional cerebral
blood flow (rCBF). Particularly, orientation
is reflected by rCBF in the parietal cortex
and medial temporal cortex, registration by
rCBF in the anterior temporal cortex,
attention and calculation by rCBF in the
frontal cortex, recall by rCBF in the medial
tempora cortex, and language by rCBF in
the posterior temporal cortex.

The aim of thisresearch isto construct a
CAD to diagnose the degree of dementia of
patients by a characteristic-point-based fuzzy
inference system (CPFIS). Experiment
results showed that the prediction errors from
CPFIS were not small. However, if CPFIS
is compared to the guess which is the
gyetage of trained cases, the P value of the
This indicates
that the CPFIS is significant in predicting
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CASI scores.

Keywords: Alzheimer's disease,
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(Alzheimer’s) 1907
Alzheimer
CASI  (cognitive ability screening
instrument)

long-term memory (RMM),
short-term memory (RCM), attention (ATT),
concentration/mental  manipulation (MEN),
orientation (ORI), abstraction and judgment
(ABS), language (LAN), visual construction
(DRA), list-generation fluency (ANM) 9

[1]
CAS sensitivity specificity
MMSE (Mini-Mental State Examination)
Ushijima SPECT

(2]
Orientation Registration
Attention and calculation

Recall Language

Eberling

[3] Wolfe SPECT

[4]
(CPFIS) [5]

SPECT
CAS|

1. 38  volumes

CAS|

38 volumes
Talairach space Xy z
2mm sample
X: -72mm ~ 72mm y: -104mm ~ 72mm  z
-40 mm ~ 72mm 73*89*57=370,329
samples
sample Talairach

Deamon Client Version 1.1 (Research Imaging
Center, University of Texas Health Science

Center at San Antonio) Talairach
[abel |abel Brodmann area
1-11, 13, 17-25, 27~-47, Amygdala,

hipocampus, lateral globus pallidus, medial
globus pallidus, putamen, thalamus, caudate,

50 sample
sample
sample
sample sample
sample
sample volume
sample
volume 38 volume
38 volumes Talairach labels
sample
2 37
SPM (Statistical
Parametric Mapping,
http://www.fil.ion.ucl.ac.uk/spm,  Wellcome

Department of Cognitive Neurology Institute
of Neurology, University College London)

SPECT template 7 9 * 9 YOxéhs8
SPM

12 affine discrete

cosine transform

SPM  smooth

Gaussian kernel convolution

FWHM=6mm



convolution
voxel normal
SPM MNI brain

area  Taarach space

Brodmann
Brodmann area
MATLAB
tal2mni.m
(http://www.mrc-cbu.cam.ac.uk/Imaging)
sample Talairach space
SPM MNI space

[ 6]

voxels

3. CASI

58 SPECT

37

37*3=111 CASl 9

MATLAB orrelation coefficient
CORRCOEF 9 (
[ 1]1) 111 58
SPECT r
[ 7] (7.48)
tho =1 /[(1-r?)/(n-2)]"'?
null hypothesis H,:p=0 two-sided
aternativeH,: p=0 t t
P<0.05
RCM ABS LAN DRA 1 2
CASI

RMM, RCM, ATT, MEN, ORI,
ABS, LAN, DRA, ANM 4, 2, 6,

2, 2, 2, 4
4 . (CPFIS) [5]
CPFIS
I f x¥ i sA? and an®@i saA™,
t heginss,
AY B, 1<j<z, 1<ks<m

p 0 0 = P 0 -2/ o))

(m(r?,-, !m(rT]')) l<j<z,
B,
(y- mj)2
Mg, (y) = exp(- 207 )
j
G M _ (my2
A(X,XJ) = exp(_w ..... w
203 2(cM)?
y22?=1ijjA(X!Xj)/
2 pa0pAX, X,)
CPFI S
minimization
Gradient-projection method:
fuzzy rules fuzzy
rules
min " [y - Zi0Y,9, Al X)),z
Oy ey [ b= Z?J:lapA(Xivxp)
subject Xt @y=1
o >0, j=1..n.
gradient-projection
o. ~0

]

Gauss-Jordan-elimination-based column
elimination: n fuzzy rules

XM A X))
5101 (p) AlXi s X))

M (g) oo

2, Bagk-propagation fine-tuning:
gradient-descent

O inrQ) Oinr(z): Z5S
r()
min Zin: 1[yi _ ZJzziyr(J)O'r(J)"'\(Xi:Xr(j)) 2
Finr@1 %inr(2) szlo-r(p)A(Xi!Xr(p))
CPFIS
[5]
5. CASI

CPFIS



smoothing

sample
d, sample
sample d/ 3
sample smoothing
ten-fold
cross validation 58
SPECT
58
CAS|
RMM 9
CPFIS RMM 9

*
RMM ™ Sy i j M8 zmm i,
i, ]

CASI
CPFIS CASI
CPFIS
CPFIS
P (t
) 0.0447 0. GPFIS
RMM 9
MEN, LAN,
DRA
SPECT CASI

CPFIS CAS

0.0447 0 . OCPFIS

[1] C. K. Liu, R. T. Lin, C. L. Lai, and C. T.
Tai, A normative study of Chinese
version of the cognitive ability screening
instrument [abstract],” Acta Neurol Taiwan,
vol. 7, p. 142, 1998.

[2] Y. Ushijima, C. Okuyama, S. Mori, T.
Nakamura, T. Kubota, and T. Nishimura,
“ Relationship between cognitive function
and regional cerebral blood flow in
Alzheimer 's disease, " Nucl. Med.
Comm., vol. 23, pp. 779-784, 2002.

[3] J. L. Eberling, B. R. Reed, M. G. Baker,
and W. J. Jagust, “Cognitive correlates of
regiona cerebral  blood flow in
Alzheimer 's disease, " Arch. Neurol.,
vol. 50, pp. 761-766, 1993.

d4] N. Wolfe, B. R. Reed, J. L. Eberling, and
W. J. Jagust, “Tempora lobe perfusion
on single photon emission computed
tomography predicts the rate of cognitive
decline in Alzheimer 's disease, " Arch.
Neurol., vol. 52, pp. 257-262, 1995.

[5] T. K. Yin, A characteristic-point-based
fuzzy inference system aimed to minimize
the number of fuzzy rules,” IEEE Trans.
Fuzzy Syst., vol. 12, no. 2, pp. 250--273,
April 2004.

[6] D. Soonawala, T. Amin, K. P. Ebmeier, J.
D. Steele, N. J. Dougdl, J Best, O.
Migneco, F. Nobili, and K. Scheidhauer,
T Statistical  parametric mapping  of
99M-Tc-HMPAO-SPECT images for the
diagnosis of Alzheimer's  disease:
normalizing to cerebellar tracer uptake,”
Neurolmage, vol. 17, pp. 1193-1202, 2002.

[7] P. W. Strike, Statistical Methods in
Laboratory Medicine. Butterworth
Heinemann, 1991.



v

38 volumes

v

( 38 volume)

\ 4
37 volumes

37

i Gradient-projection method

rules

column elimination

l Gauss-Jordan-€elimination-based

rules

i Back-propagation fine-tuning

fuzzy rules

J

CPFIS

\ 38 volumes Talairach labels
X: -72mm ~ 72mm sample BA:
y: -104mm ~72mm Brodmann area, GP: Globus Pallidus
Z: -40mm ~ 72mm L a bje | Left Ril ghit Label
2mm sample BA |3 5 2 BA |31 17
73*89*57=370,329 samples BA |4 1 1 BA |32 13
\ ¢ / BA |5 6 11 BA| 34 4
_ _ BA [6 |75 74 BA 37 1
Talairach Deamon Clinet BA |7 8 4 54 BA 34 1
¢ BA |8 60 28 BA 3¢ 2
Talairach labels BA |9 60 6 4 BA 4( 4
samples Brodmann BA (10| 54 75 BA 4.1
Amygdala labels samples BA |11 |19 14 BA 44
50 volumes BA (13|10 18 BA 4|6
¢ BA |17 |5 4 BA| 47 4
samples volumes BA |18 29 36 Amygldal a
BA (19| 36 41 H) pplocamp
¢ \ BA (20| 6 3 Laterjal GP
[ 38 volumes ) BA (21 8 14 Medi al GP
BA |22 |9 9 Put amen
38 volumes
BA (24|19 10 Thallamus
BA (25| 3 1 Cayudait e
[ SPECT volume ] BA (30| 1 Cereblel um
v
SPM gpatial normalization [ n J
¢ i fuzzy rules
SPM gpatial smoothing fuzzy rules



CAS| Talairach
P P<0.05 RCM v
ABS LAN DRA 1 2 SPM spatial normalization
CPFIS ¢
CPFIS . _
Label Al | L e SPM gpatial smoothing
BA 21 |. 00H2 v v
R M BA 37 J. 0D3AD RMM ANM
Lateral GPO32-
Medi al GP - .012706/4¢ ¢
rRcMo L ' =900 4 M ANM
BA 22 - . 0973 CPEIS CPEIS
BA 20(.006.80081 -
BA 21| 0333 -
BA 22 1. 02 5-6
ATT — RMM ANM
BA 38 1|. 02780316 . 0 4
BA 414 1. 0 0 6-5*
Later al G|P -. 03|8 1-
BA 17 1. 01 8-3 [CASl ]
ME ———
BA 18 1. 02 8-7 CAS
BA 21 /026801189
ORIAmygdal a . 044378
Hi ppo¢amplus -. 03|32 H,JMM
ApdBA 17 1. 1839 : ﬂrjkﬁ'“ ML
Medi all GPl.1275 e
BA 20 . 00109%5-8
LA ——
BA 21 1. 07 7-5 -
BA 30 0DHB A '*."‘\' A A
DRA e “ |l'|||"‘ II'.l‘llll.ll “Illk_ll II_.I'H. 'vl'n‘-"'! ‘I.} -I‘Iil
BA 31 1. 0798 |
BA 25 | 046303471 T BPEET e
AN BA 32 1 031 1174 ten-fold cross-validation CAS|
BA 34 ;. 000HA (@) CAS
BA 47 04370129 CPFIS CAS| (b)




CPFI S
P<0.05

CPFI|s P
(CPFI|S

)
RMM 1.168 1.373
RCM 2.2p5 2.335b
ATT 1. 1|67 1. 428
ME N 2.0l8 02. . 09041116
ORI 4. 741 4. 111
ABS 1. 4|98 1. 36]1
LAN 1. 2|78 01 .088|56
DRA 1.0999 02 .007B%
ANM 1.5D6 1.719
10. 61 03, .0454| 7

S

W
Tl PSS T byl

ten-fold cross-validation

MEN

:;”%vaﬂ;Mm“ :

L . YA VAR Vi

0 . terrfgdy cross-validation LAN
@ LAN
CPFIS LAN (b)

oL

i

'
0

A

¥ i
Tird BRELT vidurves

ten-fold cross-validation DRA
@ DRA
CPFIS DRA (b)



AR EARERR

NSC92 2218 E 041 002

(CPFIS)
SPECT
SPECT CAS|
CPFIS  CASl
P =t
0.0447 0. @BFIS

onstruct a CAD to diagnose the degree of dementia of patients
by a characteristic-point-based fuzzy inference system (CPFIS).
Experiment results showed that the prediction errors from CPFIS were
not small. However, if CPFIS is compared to the guess which isthe
average of trained cases, the P value of the hypothesistest is 0.0475.
Thisindicates that the CPFIS is significant in predicting CASI scores.




