976

flow (rCBF) could be underestimated in AD. We have
already reported which brain structures show the greatest
influence of partial volume effects in SPECT studies on
AD patients [5, 6] and aged healthy men [7]. The present
SPECT study was undertaken to evaluate whether partial
volume correction (PVC) improves discrimination be-
tween AD patients and controls by automated analysis of
brain perfusion SPECT.

Materials and methods

Study participants. We retrospectively chose 61 patients (32 men
and 29 women) with a clinical diagnosis of probable AD accord-
ing to the National Institute of Neurological and Communicative
Disorders and Stroke and the Alzheimer’s Disease and Related
Disorders Association criteria (NINCDS-ADRDA) [8]. At the ini-
tial visit, the patients showed selective impairment of delayed re-
call with no apparent loss in general cognitive, behavioral, or
functional status and corresponded to the criteria of mild cognitive
impairment (MCI) proposed by Petersen et al. [9] or 0.5 in Clini-
cal Dementia Rating [10]. They ranged in age from 48 to 87 years
with a meanzstandard deviation (SD) of 70.6+8.4. The Mini-
Mental State Examination (MMSE) [11] score ranged from 24 to
29 (mean+SD 26.0x1.5) at the initial visit. During the subsequent
follow-up period of 2-6 years, the subjects showed progressive
cognitive decline and eventually fulfilled the diagnosis of proba-
ble AD according to the NINCDS-ADRDA criteria.

Sixty-one control subjects (30 men and 31 women; age 54-86
years, mean+SD 70.2+7.3 years) were healthy volunteers with no
memory impairment or cognitive disorders. Their performance
was within normal limits both on the Wechsler Memory Scale-
Revised and on the Wechsler Adult Intelligence Scale-Revised.
The MMSE score ranged from 26 to 30 (meanxSD 28.7x1.5).
They did not differ significantly in age or education from the
AD patients. The Ethics Committee of the National Center of
Neurology and Psychiatry approved this study for healthy volun-
teers, all of whom gave their informed consent to participation.

All of subjects were right handed and screened by question-
naire and medical history to exclude those with medical conditions
potentially affecting the central nervous system. In addition, none
of them had asymptomatic cerebral infarction detected by T2-
weighted MRI.

We randomly divided these subjects into two groups. The first
group was used to identify the brain area with the most significant
decrease in rCBF in patients compared with normal controls.
Then, the second group was used to study the improvement in di-
agnostic accuracy provided by PVC only in the region identified
in the first group.

SPECT study and PVC. All of the subjects underwent both brain
perfusion SPECT and MRI, in patients within 2 months after the
initial visit. Before SPECT was performed, an intravenous line
was established in all subjects. They were injected while lying in
the supine position with the eyes closed in a dimly lit, quiet room.
Each received a 600 MBq intravenous injection of 9mTc-ethyl
cysteinate dimer (®*"Tc-ECD). Ten minutes after the injection of
99mTe-ECD, brain SPECT was performed using cameras equipped
with high-resolution fanbeam collimators (Multispect3; Siemens
Medical Systems, Ic, Hoffman Estates, IL). A Shepp and Logan
Hanning filter was used as a filtered back-projection method for
SPECT image reconstruction at 0.7 cycles/cm. Attenuation correc-

tion was performed using Chang’s method with an optimized ef-
fective attenuation coefficient of 0.09 cm~1.

Correction for PVE was performed for atrophy correction in
SPECT images using three-dimensional volumetric T1-weighted
MR images (a 1.0-Tesla system, Magnetom Impact Expert, Sie-
mens, Erlangen, Germany) as described in previous studies [5, 6,
7,12,13]. In summary, the PVC was performed by dividing a gray
matter SPECT image by a gray matter MR image that was seg-
mented from an original MR image and further convoluted with
equivalent spatial resolution to SPECT on a voxel-by-voxel basis.
In the present study, a fully automated program for the PVC was
developed using C-++ language.

Determination of a region with significant decline in rCBF in AD.
We randomly selected 30 patients and 30 healthy volunteers as the
first group to establish a region with a significant decline in rCBF
in patients using statistical parametric mapping 99 (SPM99)
(Wellcome Department of Cognitive Neurology, London, UK).
Gray matter SPECT images before and after PVC were spatially
normalized in SPM99 to a standardized stereotactic space based
on the Talairach and Tournoux atlas [14], using 12-parameter
linear affine normalization and a further 12 nonlinear iteration
algorithms with an original template for #®Tc-ECD [15]. Then,
images were smoothed using a 12-mm FWHM isotropic Gaussian
kernel.

The patients and healthy volunteers were compared before and
after PVC using the “compare-population one scan/subject” rou-
tine in SPM99. The “proportional scaling” routine was used to
control for individual variation in global #™Tc-ECD uptake; these
data will be referred to as “adjusted rCBFE.” The resulting set of
values for each contrast constituted a statistical parametric map of
the ¢ statistic SPM{r}. The SPM(r) were transformed to the unit
normal distribution {SPM(Z)} and thresholded at P<0.001. The
significance of each region was estimated with a threshold of
P=0.05 with correction for multiple non-independent compar-
isons. Extent threshold was set to 0 voxel.

Automated analysis using a Z score map. A software program for
analysis of SPECT images was developed to discriminate between
the rest of the 31 patients and 31 healthy volunteers as the second
group. Each SPECT image of the patients was compared with the
mean and SD of SPECT images of the 31 healthy volunteers using
voxel-by-voxel Z score analysis after voxel normalization to glob-
al mean or cerebellar values; Z score = ([control mean]—[individu-
al value])/(control SD) as previously reported by Minoshima et al.
[16] and Ishii et al. [17]. We calculated the SD of the control
database before and after PVC with voxel normalization to global
mean and cerebellar values in already defined regions in the first
group with a significant decline in rCBF in patients. These Z score
maps were displayed by overlay on tomographic sections and by
projection with an averaged Z score of 14 mm thickness to surface
rendering of the anatomically standardized MRI template. We des-
ignated this software program as the easy Z score imaging system
(eZ1S). Each SPECT image of one of the 31 healthy volunteers
was also compared with the averaged SPECT image of the re-
maining 30 healthy volunteers in the same manner as in the pa-
tients. Using the averaged value of positive Z scores in already de-
fined regions with a significant decline in rCBF in patients as the
threshold, receiver operating characteristic (ROC) curves were de-
termined using the ROCKIT 0.98 and the PlotROC programs de-
veloped by Metz et al. (http://xray.bsd.uchicago.edu/krl) [18]. The
program calculates the area under the ROC curves (Az), accuracy,
sensitivity, and specificity. The program also calculates statistical
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significance for ROC curves using a partial area index [19]. Accu-
racy was determined as the value at the point where the sensitivity
is the same as the specificity on the ROC curve.

Results

The SPM99 analysis demonstrated significant declines in
adjusted rCBF of patients only in the posterior cingulate
gyrus before (-8 —55 25, x y z; Z=5.22) and after (-10
=53 28, x y z; Z=5.49) PVC (Fig. 1) in the first group.
This region with significant rCBF decline in the posteri-
or cingulate gyrus is delineated as a specific region of in-
terest for very early AD.

Then the averaged value of positive Z scores in this
specific region was obtained in a Z score map before and
after PVC (Fig. 2) in the second group. Using these aver-
aged Z score values in the specific region of the posterior

Fig. 1. Maximum intensity projections of SPM99 results for sig-
nificant decline in adjusted rCBF in very early AD patients as
compared with age-matched healthy volunteers before (fop; —8
-55 25, x y z; Z=5.22; Brodmann area 31) and after (bottom; —10
-53 28, x y z; Z=5.49; Brodmann area 31) partial volume correc-
tion (PVC). Height threshold <0.001, corrected for multiple com-
parisons, extent threshold of 0 voxel

surface projection |

transaxial

Fig. 2. Automated voxel-by-voxel Z score analysis by comparison
of a SPECT image for a 75-year-old man with probable AD with
an MMSE of 26 with the mean and standard deviation SPECT im-
ages of healthy volunteers after standardization to global mean
voxel values. The Z score maps were displayed by overlaying on
transaxial sections and surface projection of the spatially normal-
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cingulate gyrus, the ROC curves for discrimination of
patients from healthy volunteers were computed (Fig. 3).
The PVC remarkably elevated Az and accuracy from
0.816 to 0.906 and from 73.9% to 83.7% respectively
with global mean normalization. The PVC mildly elevat-
ed Az and accuracy from 0.811 to 0.832 and from 73.1%
to 76.3% respectively with cerebellar normalization.
There were significant differences in the partial area in-
dex for ROC curves between conditions with and with-
out PVC after global mean normalization (two-tailed
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Fig. 3. ROC curves for discrimination between probable AD
patients at the very early stage and healthy volunteers before and
after PVC with voxel normalization to global mean (thick solid
line, after PVC; thin solid line, before PVC) and cerebellar values
(thick dotted line, after PVC; thin dotted line before PVC) when
thresholding at the averaged values of positive Z scores in the
posterior cingulate gyrus

PVC ()

e

ized MRI template. The PVC (right) showed a higher Z score than
the uncorrected condition (leff) in the posterior cingulate gyrus.
Red lines enclose areas with a significant decline in adjusted rCBF
in very early AD obtained from group comparison with healthy
volunteers by SPM99
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P value, 0.041), but no significant differences between
conditions with and without PVC after cerebellar nor-
malization (two-tailed P value, 0.5505).

Before PVC, SDs of control database in the posterior
cingulate gyrus were 0.18 and 0.18 with global mean and
cerebellar normalization respectively in the second
group. After PVC, SDs of control database were 0.15
and 0.18 with global mean and cerebellar normalization
respectively.

Discussion

In the present study, automated voxel-based analysis us-
ing a Z score value in the posterior cingulate gyrus after
anatomical standardization of SPECT images revealed
an accuracy of around 73% in discrimination of AD
patients at the very early stage from healthy volunteers.
The PVC elevated this accuracy to 83.7% with global
mean normalization.

The rCBF or metabolic reduction in the posterior cin-
gulate gyri and precunei has been established to charac-
terize early to moderate AD even after PVC [6, 20]. Re-
cent prospective studies on MCI patients reported that
AD converters showed a significant metabolic reduction
in the posterior cingulate gyrus and parietal association
cortex as compared with AD nonconverters [21, 22]. The
posterior cingulate gyrus has been reported to be much
less atrophied than medial temporal structures in AD in
spite of marked rCBF or metabolic decrease [23]. A
slightly higher Z score value was obtained in the posteri-
or cingulate gyrus after PVC than before PVC in the
group comparison of patients and controls using SPM99.
Although PVC has been reported to lessen the regional
metabolic difference between patients with AD and con-
trol subjects [20], a 9.8% increase in accuracy was ob-
tained after PVC with global mean normalization. This
increase in the Z score value may have been due to a
17% reduction in the SD of the control database after
PVC. It is very important in practice that three additional
subjects, corresponding to 9.8% of 31 patients, were
thereby correctly diagnosed.

Concerning the reference regions for voxel normal-
ization, Soonawala et al. [24] reported that cerebellar
normalization produced more accurate diagnostic results
in single-scan SPM analysis of AD patients than did
global mean normalization in %°™Tc-hexamethylpropy-
lene amine oxime SPECT. However, compared with the
present investigation, they studied more advanced AD
patients with an average MMSE score of 21.9. In the
present study before PVC, global mean normalization
provided almost equal accuracy to cerebellar normaliza-
tion for discrimination of patients and controls. Improve-
ment in accuracy after PVC was less pronounced with
cerebellar normalization than with global mean normal-
ization. This may have been due to the absence of a re-
duction in the SD of the control database after PVC with

cerebellar normalization. Bartenstein et al. [25] used tha-
lamic normalization in #mTc-ECD SPECT. They consid-
ered global mean normalization to be inappropriate for
a disease like AD with widespread metabolic or flow
reduction and concluded that the thalamus is the most
robust reference region for SPECT images. However, the
thalamus is pathologically known to be involved from an
early stage [26]. Moreover, Johnson et al. [27] revealed a
decrease in rCBF in the anterior thalamus in subjects
with very early AD. We considered that global mean
normalization is sufficient for routine clinical diagnosis
of very early AD.

A method for automated diagnosis of brain perfusion
SPECT was developed in the present study. In this soft-
ware program, voxel-based analysis was performed us-
ing a Z score map calculated from comparison of a pa-
tient’s data with the control database in the same manner
as in a three-dimensional stereotactic surface projection
(3D-SSP) method [16]. Anatomical standardization of
SPECT images into a stereotactic space was performed
using SPM99. Therefore this program was made from
the combination of 3D-SSP and SPM99. It has been re-
ported that 3D-SSP with two-dimensional surface pro-
jection of cortical activities is less sensitive to artifacts
derived from incomplete anatomical standardization of
brain with localized cortical atrophy [28]. However, a
3D-SSP technique loses information on three-dimension-
al location, which SPECT images inherently possess.
This program has also the advantage of capability of in-
corporation of SPM results into automated analysis of
Z score values as a region of interest. A specific region
of interest can be determined by group comparison of
SPECT images for patients with a neuropsychiatric
disease with those for healthy volunteers using SPM.

Herholz et al. [29] developed an original software
program based on an automated voxel-based procedure
after anatomical image standardization for discrimina-
tion between probable AD and controls using 18F-fluo-
rodeoxyglucose PET. They reported 84% sensitivity and
93% specificity for the detection of very mild probable
AD with an MMSE of more than 24. Although the cur-
rent study used a similar voxel-based procedure for de-
tection of very mild probable AD, the accuracy did not
exceed 80% before PVC. The present PVC in a SPECT
study can afford an accuracy of 83.7% after global mean
normalization, which is close to that in a PET study.
From this point of view, it would be preferable to per-
form PVC in a SPECT study for early diagnosis of AD,
thereby overcoming the drawback of greater susceptibili-
ty to partial volume effects due to the lower spatial reso-
lution as compared with PET.

Conclusion

A voxel-based automated analysis of brain perfusion
SPECT using a Z score map was applied to discrimina-
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tion between probable AD patients at the very early
stage and age-matched healthy volunteers. ROC analysis
of the maximum Z score in the posterior cingulate gyrus
as a specific area for the very early stage of probable AD
determined by SPM99 demonstrated accuracies of
73.9% and 83.7% before and after PVC, respectively,
with voxel normalization of global mean values. The
PVC mildly enhanced the accuracy from 73.1% to
76.3% with cerebellar normalization. The PVC would
thus be of benefit for the early diagnosis of AD in a
SPECT study.
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EXHM L LEEFEE LI LDOTHSE, 774
72273 AACD OBES I & o TRHBEED
55, o, B, 558, H2ZMRE, Eic
EEHLRHEMEPOEREINTHS, 77472
7 DOEZ OEMIIREEZHEE D LELON
U T ORE» OS> TWw5, BEEFESMY
F4 Category cued recall (Grober et al,
1988), EEIIAIEHIMT Set dependency activ-
ity (Sohlberg and Mateer, 1986), 5 8 T
2484 Category verbal fluency (Monsch
et al, 1992), BWZEHIFRANLFEH#E Clock
drawing test (Mendez, 2000), # L T#d
WAIS-R O THIEE 0¥ (Wechsler, 1981)
THb.

DT AT AZDTAVNVET A MEEEE
TR 272012, 38 HDOIHRE W BV T 64
AMoEBE T2 EmERET L. £LT5D
DEMENFRIZ DWW THHBREE pEEE
HUTz, ZOERE, Wi 2»Th p<0.0001
THY, TRICEHDTANET A MEEESD
LEEZON, HRELBICIONY T Y-
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EHATL, i, MERI, BEFEEEE LR
THRADOEEFETOVGHE, FERELEHL,
DR S ) — VB, Pre-Dementia-1SD
(PD-1SD) £, Pre-Dementia-1.58D (PD-
158D) #EO 3R EL I, /—< ki, b
T R TEBLTEBENTEE~ A 7R
1SD &Y L ThHsiRiEL L7z, PD-1SD iz, &
B~ A FRAISDUTTH Y, fibix 1SD U
WWHDIREEE Lz, £/, PD-1.55D &, &
DHIESD LAEETL, fix ISDURNKH %
KR L7, CORETE, /—< 9
(5 43/40 48, FHER+SD 72.7+5.0 &%),
PD-1SD % 33 4 (18/15, 72.6+5.1), PD-1.55D
FE19 4, (9/10,72.245.6) 4L, ZAHD
st MR 3D-T1EBE &R B & O Te-
ECD iz & 3 SPECT ofmigE T L1z, &8,
SEMTER, BLllcEEEEIR»oLE
noiz.

SEES MRI #5Rf%

15T MRI scanner (Symphony, Siemens,
Erlangen, Germany) # vy, MPRAGE 12
T, FIAGE L BAEO LM 5 AR ICER LXK
REEREA 7 A4 A 2525 3 x50 T1 s@AE GO
B ATz, &3 TE/TR 3.93/2,800 ms,
flip angle 12 deg, field of view 280 mm, acqui-
sition matrix 512 X512, slice thickness 1.20
mm, Gapless & L7z,

SPECT 7— % U - MIBH %

SPECT 2Ei& 7 i3 PHILIPS #1443 #1881
A 25 PRISM IRIX, E{GALIEEERE 2
13 PICKER #:%2 ODYSSEY FX % v, 2V
A—=F R ANV F —ESEEE ST Vv a Y
A=F R L. WNESEE, THEARK
T " Te-ECD 740 MBq % E#EE L, 10 5
M5 155 128X128 = F U v 7 ADEEF —
IEIATY 7308, 1H£A71C2% 305

INEE U7z SR EAEE N ramp filter 12 & 5 7 4
N — i (FBP) Tf7 vy, Bz id low
pass filter (cutoff : 0.71 cycle/cm, order: 8.0,
2.2 mm/pixel) Z v 7z, BIRIE X Chang &
B IR T1T - /2. SPECT B A Z
AXER 22mm & Lz,

LT

MRI

B 57 MRIE{SiZ, UNIX Workstation
(Sun SPARC Solaris) T ANALYZE ver-
sion 2.5 (Biological Imaging Resource, Mayo
Foundation, Rochester, Minn.) #/Hw7T 3 X
TARKELWRE S &L, SRS &
5% FIRERL L 72,

HHBEHE (PVE) URBE

SPECT DOIEMBERE I RRT R0 AR
ZHEIES 5 7> 1 Matsuda & (Matsuda et al.,
2003) OAHEIWC L LW T PVE §iFE21T- 72,
WEFFEOEFEFIUTOED THL, £ 7,
MRI & SPECTH &% HEh &b, XKiZ
MRIBEGEZKAB L HEHCSHL, ZoRES
DESED 5% 2HEE T2 LD AE
B 1 E B LS (ROD % SPECT ®izev T
Lz, 2OBEOSPECT % MRI 253k
TEEBRCECE, MRI tERESbEE L
SPECT @i oZLglni, Zhi kD, KA
BoOSPECTHBVSE S, RBEKAED
SPECT % IKHEDO MRI®THRT 2 Z LI
&0 PVE B8E S N JKEHE D SPECT &%
Biz, Zo—EDRNEEEMELIY 7 b=
7 (Kanetaka et al., 2004) % F T &ED
4 SPECT WG O BSERRIEZTT - 72,

&R BT

F9, BRI LD, MRI 1S 7 e e
RHEMMMRED D B b O L 0L 7.

B R EE AT 12 Matlab 5.3 for Windows
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(Mathworks Inc.) B C{E#h 4 % SPM99
(www fil.ion.uclac.uk/spm/) % H v T 7>
fo. B OREREE T 57012, SPECT ¢
OFMEEICINZ T, MR X D #iH U7k E
B & % B v 7z voxel based morphometry
(VBM) (Ashburner and Friston, 2000) 128
AR b T o /e, RO FEBFOWETIE
CDEIRBEREENTVLERVDT, 7T—
FAT7 77 NEREATELTHREISETER
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v, o FEBEEGE LRI T O SPECT &,
MRI ¥k BB 13& 42 SPM99 # v TiE%E
B JEE A L D EER S DA T R
7z, & 512, Gaussian & — & 4 % v TFEL
Z{Tol, ShHOEFICLD, RIIETL
ek, @MFEEROEGRD R e VEATO
WETRENTREE oo 7z, 2D, / —< I E
& amnestic AACD #, amnestic MCIET
B2 D t EERITo Iz,

Table 1. Regions and peaks of significant decrease in rCBF after correction for
partial volume effects (t-test, p<0.01, uncorrected for muitiple compari-
son, ext 50)
Region coordinate
BA K t-value b Y Z
PD-1SD<Normal
R Precentral gyrus BAG6 303 3.72 48 —4 30
L Precuneus BA7 276 3.25 —14 —56 43
L Middle frontal gyrus BA6 166 3.07 —16 4 46
PD-1.5SD<Normal
R Middle temporal gyrus BA19, 39 1,125 3.63 26 —86 26
R Precentral gyrus BA6 286 3.45 50 -10 28
R Inferior frontal gyrus BA47 331 3.26 34 35 2
R Precuneus BA7 135 3.14 24 —~58 43
R Inferior temporal gyrus BA20 60 2.71 40 —18 ~16
L Postcentral gyrus BA47 50 2.60 —=51 —16 28
PD-1.55D < PD-1SD
R Precentral Gyrus BA 44 364 3.38 48 8 11
R Middle Temporal Gyrus BA 19,40 1,069 3.26 42 - 79 19
R Supramarginal Gyrus BA 40 3.22 59 —47 23
L Middle Temporal Gyrus BA 21 169 3.11 -50 -1 -13
R Parahippocampal Gyrus BA 35,36 648 2.51 26 —~15 —24
R Middle Frontal Gyrus BA 10 253 3.00 32 49 18
L Precuneus BA 7 148 2.88 —10 —~74 37
L Parahippocampal Gyrus BA 35,30 428 2.85 —22 - 25 —24
R Medial Frontal Gyrus BA 10 104 2.59 6 48 —6

BA : Brodmann’'s area PD: Pre-Dementia
Note. Results are listed by clusters and in decreasing order of peak f-value.
Cluster size is indicated by the value K, which represents the number of significant

voxels in the particular cluster.

Coordinates were according to the atlas by

Talairach and Tournoux (Talairach and Tournoux, 1988).
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w R

1. PVE #iE# SPECT Eif%

SPM99 % H iz, /—~J & PD-1SD, PD-
1.58D & 7' Vv — T OFER % Fig. 1 2 6 2
Tablel Rr¥, PD-1SD T3/ —< izt L,
FEREETES, FEERTE, ATPEiEEC RET
W sl (Fig. 1-A), PD-1.55D TiiHE#
A, ALEEHETER N2 CAEE S TR
ET2ED 517 (B), PD-1SD & PD-1.5SD
DEEREE I B v Tid, PD-1.5SD i PD-1SD
&S U CARRATES, MAEREEEIC B WTH
ELMFEETEEL Tz (O).

2. VBM

Fig. 2 & Table2 iz VBM 1z & % Bt o
HEEZRYT, PD-1SD TiZ/ —< )V EHEL T
A THEEANE, A2, ERREKEESE
BOET 207 (Fig. 2-A). PD-1.55D Tig,
EEEER, AEEERC CERRIKAEEE
DIET %2 D7 (B). PD-1SD & PD-15SD @
FERHLERIC 3 v T PD-1.5SD ¢ AIME & £
HEBWIHEZKAEEEORT 287
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©.

fiezk o MCI BT O & T, EEER
IERE L, REBEEERERE L CHMERREER
PEBLIHTHL, 2 LRARE, BRT
i BERAEBER LRI A TIRNT
b, BREEREEVHS » 2 I EHB L, SH,
B2 EREERBIT L L7111 ADRER» S
i, 1, BESFEEERLUTESE, FHEE
EZERD TFH LY 1SD, 1.5SD LA LR w5
# B ¥fEHz PD-1SD, PD-1.58D & K4 L7z,
fERDOIBETIT 24 SHIEEAIY AT ELR
b DBH WS, RIFFEONREF BT S Mini
Mental State Examination (MMSE) D& &
BIEIgefc2t Bt Tho7, 2Dk D,
EREEEL SO LEARREORESE 2D -
T HIEFE WM EM P NR L LT S RP5E
D1OORERD 5.

RIZHATHRE (Kogure et al., 2000, Ohnishi
et al, 2001) KBTS/ —<LTF—FX—AE

Table 2. Regions and peaks of significant decrease in Gray Matter Density (¢-
test, p<0.01, uncorrected for multiple comparison, ext 100)

Regi coordinate
caion BA K t-value X Y z

PD-1SD<Normal

R Inferior parietal lobule BA40 149 3.37 38 —43 39
R Precuneus BA7 184 2.91 20 —52 50
L Caudate tail 122 2.79 —34 —29 —4
PD-1.5SD < Normal

L Middle temporal gyrus BA19, 37 870 3.56 —44 —-81 19
R Parahippocampal gyrus BA20 219 3.06 18 —35 -3
L Uncus BA28 310 2.85 —28 5 - 20
PD-1.55D<PD-1SD

R Parahippocampal gyrus BA35, 36 759 3.96 26 —27 —27
L Parahippocampal gyrus BA35, 36 199 3.13 —20 -25 —24

Note. See footnote of Table 1.
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Fig. 1 Significant reduction of regional cerebral blood flow after PVE correction
A: Pre-dementia-1SD (PD-1SD) showed reduced perfusion in It. precuneus and rt.
premotor compared to normal. B: Pre-dementia-1.5SD (PD-1.5SD) showed reduced
perfusion in the rt. hippocampal region in addition to the rt. precuneus and rt. premotor
compared to normal. C: PD-1.5SD showed significant hypoperfusion in It. precuneus
and the bilateral parahippocampal gyri compared to PD-1SD. {(p<0.01, uncorrected for
muitiple comparison, extent 50)
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Fig. 2 Significant reduction of regional gray matter density
A: PD-1SD showed reduction in rt. inferior parietal lobule and rt precuneus compared to
normal. B: PD-1.5SD showed reduction in It. middle temporal lobe and rt. para-
hippocampal gyrus compared to normal. C: PD-1.58D showed significant reduction in
the bilateral parahippocampal gyri compared to PD-1SD. (p<0.01, uncorrected for
multiple comparison, extent 100)
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BEORERL BT 20 b B RIE,  FIEICEE e AR
EldwoTh, EIFKERERE L COERIIE
2R Z->Twa, L LSEOEFERE
E—OHBICEATE D, EiEKEE D KRB
BLLTw b EBbih s S b EEORED S
5.

INETIE, BT AVYANAL TR T
EHRIREERER 3 & UHERIREE T 0 MR AR E M E
T35 2 ehERINTE (Minoshima et
al., 1994, Matsuda, 2001, Nestor et al., 2003),
L L& ROEL OFRE T PD-1SD & PD-
1.5SD 12 3\ CHPR BRI T O MK T I1Z 30
SNT, HBTERIC BV TOAMFET D &
N, SORFRED» S, Bk, FREIEEE, H
AR & — 4B & LT o918 AD o MR E &
BIRTE > S0 E D, WIREEENICIAS > T <
b EHEHTE 3,

MU O R ERE r OB S ERT S &,
fMRI % PET 1 & 2 BIERBROBERH» &, Bl
ey — FERBOHECEELTwE &w
3Ry & T v A (Lundstrom et al., 2003,
Backman et al., 1999, Krause et al., 1999), =
7o, BEBTED & MR AR O BE 0= EICB L T,
McDermott & &, #REIBIVPZE Y — NED
EOFELCBOTLIVBESL DL
T, BRERE = v Y — FEEOB AT L 0 S
T EHEL Twd (McDermott et al,
1999), HexpSEHBHRE L L TEH LAY T
) —t category cued recall TH 5 & I A »
5, METEROMBEE TR EY — FEREOEE
LB OBREE S & 5 2 T A HREELE 2L
ohs, ZCEFRT 505 PD-1SD, PD-
155D & b icEEEFIFCMET 2R D7z &
W PR OREERTH S, EEETE IR EE)
OFER, @, EfTEEIEHMLE L THMSNT
&7 EEQTED Y A T ABRBFFRICB VLT,
EHTRY —F > 7 AT Y —MA TILED
TV — FERBRET 2F2» ) HE L HEO
F9 T — 7 OBHRBERICL o> T W5 I &
S EN TS (Nyberget al, 2002), L7z
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A3 THEBFE O MK T 2 category cued
recall BEE RSB A EZ KL T 5 &b IR
BETELbDOTHS, bor b, PD-ISD
2 PD-1.5SD i #EHOR 2 2ERBETH 5 &
A VWHhET—F 4777 b ELTIOR
RAB oML EETER Y,

Kz PD-1SD & PD-1.58D D #EfH L@ &
b, PD-1.5SD & C i IRE & g5 [, ZEBEaTatic s
BEoMET 2Rz, FH AD @ SPECT T
BB TOMRKETRRED SN R WEEZ
5N TWizdS, Matsuda &3 PVE#ilE.2 3 5
Zrwkh, BHAD THHEEROMBET
BEHLond I EEREL Tws (Matsuda
et al.,, 2002), VBM DR & LT PD-15D Tl&
ETHEENECBREOERLADIIZTTH>
7oL T, PD-1.5SD Tk AwERERZ S
U AR RS BEIE CIK B OB B Bl 2 B0
7>, Ohnishi 51X VBM 2 C AD TI3#ESE,
BICBANB COBENHL I 2HREL TS
(Ohnishi et al,, 2001), Z® X512 PD-15D &
PD-1.5SD O #EAKH/Ny — FEPL T 5
73, PD-1.5SD TRYEBEENIC B W TIILHHE
TL, FEMIZDEFIEL T, JOZL&
» 5, PD-1SD & PD-1.5SD (Z GBS ML H 5
T &, IR & DR EsET L IIRE
THsH T E, ThbB PD-15SD & idBEic AD
OREITH D WREMIE L 51 5.

e BSEONRE OKERE GRS X Uz
EEGOZLEY 1 £ BILTwE, 20
F—% » & PD-1SD, PD-158D @ AD ~D ¥
TH, ZLTADKBTLTW 7 —ADFHl
HFE2EMHL T 2 EBSHBROBETH 5,
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Regional cerebral blood flow change and gray matter loss in mild cognitive
impairment : a community-based study

Kiyotaka Nemoto"®, Fumio Yamashita®, Takashi Ohnishi®, Etsuko Imabayashi®,
Kentaro Hirao®, Hiromu Yokozeni?, Megumi Sasaki®, Katsuyoshi Mizukami?,
Hiroshi Matsuda®, and Takashi Asada®
YDivision of Psychiatry, Tsukuba University Hospital (2-1-1 Amakubo
Tsukuba, Ibaraki 305-8576 Japan)

YDepartment of Psychiatry, Institute of Clinical Medicine, University of
Tsukuba (1-1-1 Tennodai Tsukuba, Ibaraki 305-8577 Japan)
$Department of Radiology, National Center Hospital of Mental, Nervous, and
Muscular Disorders, National Center of Neurology and Psychiatry (4-1-1
Ogawahigashi Kodaira, Tokyo 187-8551 Japan)

“Department of Nuclear Medicine, Saitama Medical School Hospital
(38 Morohongo Moroyama Iruma, Saitama 350-0495 Japan)

In this study we investigated the abnormalities of cerebral blood flow and cortical atrophy
of pre-dementia subjects in a community using Tc-99m ECD SPECT and structural MRI
First, a neuropsychological test battery was administered to 1711 community-dwelling individ-
uals aged 65 years and older. Three groups of participants, namely normal, Pre-Dementia-
1SD (PD-1SD), and PD-1.5SD according to the mean value and SD gained from the test
participated in the study. Thirty-three PD-1SD, 19 PD-1.5SD, and 91 normal subjects under-
went both whole brain structural MRI and Tc¢-99m ECD SPECT. SPECT images were
corrected for partial volume effects (PVEs). Using SPM99, voxel based group comparisons
were made on the PVEs corrected SPECT images and voxel based morphometry (VBM) was
applied to gray matter extracted from MRI images. Hypoperfusion in precuneus and right
premotor cortex is found in both PD-1SD and PD-1.5SD. In addition, the PD-1.55D individ-
uals showed hypoperfusion in parahippocampal gyrus. VBM showed hippocampal atrophy in
the PD-1.55D individuals. These findings suggest that PD-1.5SD indicates the very early stage
of AD, and the PD-1SD appears to precede the PD-1.55D.

Address correspondence to Dr. Takashi Asada, Department of Psychiatry, Institute of Clinical Medicine,

University of Tsukuba, 1-1-1 Tennodai Tsukuba, Ibaraki 305-8577, Japan
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