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The aim of this SPECT study was to investigate the effects of
donepezil on regional cerebral blood flow (rCBF) in patients with
mild to moderate Alzheimer’s disease (AD) using statistical
parametric mapping. Methods: rCBF was noninvasively mea-
sured using *mTc-ethyl cysteinate dimer in 35 AD patients with
a Mini-Mental State Examination score > 16 on initial evalua-
tion. Baseline and follow-up SPECT studies with a mean interval
of 12 mo were performed on these patients. We used the
adjusted rCBF images in the relative flow distribution (normal-
ization of global cerebral blood flow for each patient to 50
mL/100 g/min with proportional scaling) to compare these
groups through statistical parametric mapping. Results: In the
follow-up study, the adjusted rCBF was significantly preserved
in the right and left anterior cingulate gyri, right middle temporal
gyrus, right inferior parietal lobules, and prefrontal cortex of
donepezil-treated AD patients, compared with placebo-treated
AD patients. Conclusion: Treatment with donepezil for 1 y
appears to reduce the decline in rCBF, suggesting preservation
of functional brain activity.
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ment with donepezil, in comparison with placebo, on re-
gional cerebral blood flow (rCBF) has not been reported in
patients with mild to moderate AD. The aim of this study
was to evaluate this impact.

MATERIALS AND METHODS

Subjects

Thirty-five patients (22 men, 13 women; age range, 57—80 y;
mean age, 70.4 y) who complained of memory impairment were
recruited from an outpatient memory clinic of the National Center
Hospital for Mental, Nervous, and Muscular Disorders, National
Center of Neurology and Psychiatry, between 1998 and 1999. The
clinical diagnosis of AD was based on tBéagnostic and Statis-
tical Manual of Mental Disorders, Fourth Edition (DSM-I\(3),
and criteria of the National Institute of Neurological and Commu-
nicative Disorders and Stroke and the Alzheimer's Disease and
Related Disorders Associatiod)( The patients had a Mini-Mental
State Examination score= 16. Dementia was staged using the
clinical dementia rating and ranged from 0.5 to 2. The patients
were randomized to receive daily oral doses of either donepezil (5
mg/d) or placebo. Each patient underwent baseline SPECT and
MRI at the time of the initial evaluation and was clinically fol-
lowed by a second SPECT and MRI examination after 12 mo.
Demographic information is shown in Table 1.

A subset of neuropsychological tests from the standard clinical
protocol was selected a priori (Table 2) to profile multiple cogni-

Donepezil hydrochloride (Aricept; Eisai Co., Tokyo, Jatve abilities, including frontal lobe functioning, memory, visuo-

pan) is a piperidine-based acetylcholinesterase inhibitor thaktial ability, and language skills. Raven’s Coloured Progressive
is used clinically for the symptomatic treatment of mild tovatrices ) was used to measure visuoperceptual, attentional, and
moderate Alzheimer's disease (AD},P). Donepezil has problem-solving skills. In addition, the digit span taSkas used

been shown to be well tolerated and, compared with plt measure attention. The learning of a list of 10 words and story
cebo, to significantly improve cognition and to help mainecall ©) were used to measure short-term verbal memory and

tain global function 2). The results of 24-wk studies havel2"9uage ability. The Ray-Osterrieth complex figure t&§tas

- . . . used to evaluate both visuoconstructional ability and visual mem-

indicated that the well-established benefits of donepezil on o
ory. Measures of frontal lobe functioning included the Stroop test

cognition may extend to improved performance of Comple()é). Impaired performance on the Stroop test is common in patients

activities of daily living (). However, the impact of treat- yjth frontal lobe lesions and is also associated with a specific
pattern of rCBF in the anterior cingulate cortéy.(All tests were
administered and scored according to standard protocols. Age- and
education-adjusted norms were applied when available. No focal
brain lesions on MRI were observed except for age-related hyper-
intensities on T2-weighted images.
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TABLE 1 the initial backdiffusion of the tracer from brain to blood using the

Patient Characteristics method described for a previous study:(
Donepezil-treated  Placebo-treated 10 - ROl ., Size
patients patients BPI=100-ku - ——~————, Eq. 1
Characteristic (n = 15) (n = 20) ROl size
Mean age +SD (y) 69.3 + 6.9 712 +56 where BPI is the brain perfusion index, Rk is the region of
Age range (y) (57-80) (57-79) interest drawn over the aortic arch, R@}is the region of interest
Sex (M/F) 9/6 13/7 drawn over the brain, and ku is the unidirectional influx rate of the

Mean global CBF *= SD
(mL/100 g/min)
Baseline 35.9 + 34 36.8 + 4.3
Follow-up 35527 354+ 4.4

tracer from blood to brain, as determined by the slope of the line
in graphic analysis within the first 30 s after injection. Then, brain
perfusion index (x) was converted to global CBF values (y) ob-
tained by33Xe-inhalation SPECT studies ¢y 2.60x + 19.8) @).

Ten minutes after the injection ¢P™Tc-ECD, brain SPECT
imaging was performed. The projection data were obtained in a
Global and Regional CBF Measurements 128 X 128 format for 24 angles in 120° for each camera with 50 s

Before SPECT scanning was performed, an intravenous liper angle. A Shepp and Logan filter was used for SPECT image
was established in the right cubital vein of all patients while thefgconstruction at 0.75 cycle per centimeter. Attenuation correction
were supine with their eyes closed in a dimly lit, quiet room. Eacias performed using Chang’s method. The following linearization
patient received a 600-MBq intravenous injection®®fTc-ethyl algorithm (L1) of a curve-linear relationship between brain activity
cysteinate dimer (ECD). The global cerebral blood flow (CBF) waand blood flow was applied to calculate rCBF and to correct for
noninvasively measured using graphic analysis as describedinaomplete retention oP™Tc-ECD in the brain:
previous reports, without any blood samplir@g-10. Passage of
the tracer from the aortic arch to the brain was monitored in a ) a - (Ci/Cr)

128 X 128 format for a short period of less than 2 min at 1-s Fi=Fr- [1+a— (Ci/CN]’ Eq. 2
intervals using the rectangular gamma camera of a triple-head

SPECT system (MULTISPECT 3; CTI, Knoxville, TN/Siemenswhere Fi and Fr represent CBF values for region i and a reference
Medical Systems, Inc., Hoffman Estates, IL) equipped with highregion, respectively, and Ci and Cr are the SPECT counts for
resolution fanbeam collimators. Regions of interest were hanakgion i and a reference region, respectively. The cerebral hemi-
drawn over the aortic arch and both brain hemispheres. The hesphere was used as the reference region, and global CBF obtained
spheric brain perfusion index was determined before the startfodm graphic analysis was substituted for the CBF value for the

TABLE 2
Neuropsychological Test Results
Donepezil-treated patients Placebo-treated patients
Test Baseline Follow-up Baseline Follow-up

MMSE 22.1 =33 19.9 44 22.2 + 3.4* 18.7 = 3.7*
RCPM 24.7 =59 23.7 = 6.6 23.0 £ 85 209 £ 104
Digit span

Forward digits 5.2+ 0.9 5.3 = 0.7F 49 +1.1* 4.1 + 1.1+t

Reverse digits 3.7+1.0 3.9 = 1.0t 3.8+0.9 2.9+ 1.7t
Word learning (10 words)

30-min delayed recall 0.4 £0.7 0.3 +0.4 05+13 0.2 +0.5
Story recall (15 elements)

Immediate 3.8+21 39+22 34+24 25+27

30-min delayed recall 0.1 +£0.3 0.2 £0.6 0.4 =0.9 0.3+11
Ray-Osterrieth complex figure

Copy 33.6 25 26.2 = 13.0 295+ 89 254 125

Immediate recall 7.4+47 5.4 = 3.9 4.4 + 3.8 3.4 +3.0

30-min delayed recall 3.8*4.2 2.3 = 2.5 1.7 £ 341 0.6 = 1.51
Stroop

Dot 48.1 6.9 28.1 + 9.1t 47.3 = 25.6 41.3 + 20.8"

Word 49.5 + 194 67.5 £ 27.9 75.9 + 35.9 81.8 £ 35.2

Word-dot 33.5 £ 23.7 39.3 £ 26.0 28.6 = 18.4* 48.3 = 31.3*

*Mean differs from baseline, P < 0.05.

tMean differs from placebo-treated patients, P < 0.05.

MMSE = Mini-Mental State Examination; RCPM = Raven’s Coloured Progressive Matrices.
Values are mean + SD.
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reference region. The linearization factowas set at 2.59, which region was estimated at a thresholdPf= 0.05 using distribu-
was the value proposed by Friberg et dl1)( tional approximations from the theory of gaussian field$).(
These areas of significance were best seen when overlaid on a

Image Formattlng_ . . . normalized MR image to obtain a clear view of the location of the
All subsequent image manipulation and data analysis wey.

performed on a Windows 98- (Microsoft, Redmond, WA) ang%rfusmn changes.
UNIX-based computer. The software for image manipulation in-
cluded MATLAB (versions 4.2c and 5.3; The MathWorks, Inc.,REs‘l‘“-Ts
Natick, MA) and the statistical parametric mapping (SPM) proNeuropsychological Profile
grams SPM99 and SPM96 (Wellcome Department of Cognitive Taple 2 shows the mean scores of the donepezil- and
Neurology, London, U.K.). Transverse-slice image volumes wefRscepo-treated patients on the neuropsychological tests.
the Images. Brify, for cach mage a fle was sreated hat cogCPSred With the donepezilreated patients, the plaosto-
tained data'on imag,;e size, number of slices, pixel depth (16-bi'i eated. p_atlentS performed S|gn|flcantly. vyorse on bOt.h for-

’ y ard digits P = 0.0007) and reverse digit® (= 0.03) in

maximum pixel value, and voxel size. All brain-slice images wer . . .
then sampled and averaged to arrive at a mean pixel intensity vai(lé digit span test, on 30-min delayed recall in the Ray-

for that image. The intensity threshold was set at 80% of tHasterrieth complex figure tes® (= 0.02), and on word-dot
whole-brain mean. The images were then spatially normalized i the Stroop testR = 0.01) in the follow-up SPECT study.
SPM99 to a standardized stereotactic space based on the atlas@fthe placebo-treated patients, mean scores for the Mini-
Talairach and TournouxL@), using 12-parameter linear and also 8ental State ExaminatiorP(= 0.003), forward digits in the
nonlinear iteration algorithms. Because the distributiod®#i c- digit span test® = 0.01), and word-dot in the Stroop test
ECD in the brain is different from that dfO-water, which was (p = 0.03) declined significantly in the follow-up SPECT
used as the PET template in the SPM program, we used an origigﬁjdy_ In contrast, no significant differenceB & 0.05)

99N - i ; i .
"Tc-ECD template, which was prepared in a previous stagy, ( were found for the other neuropsychological tests.
for spatial normalization. The normalization routine also include

further isotropic smoothing, to a total of 12 mm. This correGlobal Effects
sponded to almost twice the resolution (7.6-mm full width at half The baseline and follow-up global CBF values were
maximum) of the SPECT scanner. The initial parameters of tg 9 + 3.4 and 35.5+ 2.7 mL/100 g/min, respectively, in
image were 128< 128 X n, wheren is the number of slices. The donepezil-treated patients and 36:84.3 and 35.4+ 4.4
final image format was 16-bit, with a size of 7995 68 and a 1 1100 g/min, respectively, in placebo-treated patients,
voxel size of 2X 2 X 2 mm. . . : .

There was neither a groug time interaction effect nor a
Image Analysis main effect (group or time) on global CBF in a2 2

Data analysis was performed using SPM96. Statistical param@fonepezil/placebox baseline/follow-up) repeated-mea-
ric maps are spatially extended statistical processes that were usgees ANOVA.
to characterize regional specific effects in imaging data. SPM
combines the general linear model and theory of gaussian fieRegional Effects
14,19 to make statistical inferences about regional effects. Re- Adjusted rCBFFigure 1 and Table 3 show the voxels that

J g

gional CBF differences were examined as an intergroup comp&ad a significant decline in adjusted rCBF during the fol-
ison t_)etween_the donepezil-treated and placebo-treategl groupfp@-up period among placebo-treated patients compared
baseline and in the follow-up SPECT study and as an intragroyth donepezil-treated patients (no voxel significantly in-
comparison between the baseline and follow-up SPECT studiesifyaseq). Significant group time interaction effects were
each group. Moreover, to examine images for specific regions 8E>served in time-course rCBF changes between placebo-
differences in time-course perfusion changes from the baseline o

the follow-up SPECT studies between donepezil-treated and p:btfated and donepezil-treated patients. Compared with the

cebo-treated patients, we compared 2 studies using 2 contrasts mpepezil—tre_atgq patients, the_ pla_cebo-trgated patients
study interaction (multistudy and multisubject with different conShowed a significant rCBF decline in the right and left

ditions in SPM96). The first and second contrasts examined arédy€rior cingulate gyri, right prefrontal cortex, right inferior

of elevation and decline, respectively, of time-course perfusigiarietal lobules, and right middle temporal gyrus. Signifi-
changes in the donepezil-treated patients compared with placebant differences in adjusted rCBF were not found between
treated patients. The analysis was performed with or without thiee 2 groups at baseline and in the follow-up SPECT study,
implication of changes in global CBF levels as a confoundingor were significant differences present between the base-
covariate. The gray matter threshold was set at 0.8. We first uggtk and follow-up SPECT studies in either intragroup com-
raw data (absolute rCBF parametric maps without global norm%’arison.

ization) and then adjusted rCBF images (normalization of global Absolute rCBF.No significant time-course changes in

CBF for each subject to 50 mL/100 g/min with proportional -
scaling) to compare relative rCBF distribution in 2 groups. ThgbSOIUte rCBF were seen between donepezil-treated and

resulting set of values for comparison constituted a statisticB\acebp'treated AD patients. In addition, significant differ-
parametric map of the statistic SP§i{The SPM{t} maps were €nces in absolute rCBF were not observed between the 2

then transformed to the unit of normal distribution (SPMfand ~ groups at baseline and in the follow-up SPECT study or
reached a threshold @& = 0.001. The resulting regions werebetween the baseline and follow-up SPECT studies in either

examined using multiple comparisons. The significance of eap@atient group.
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FIGURE 1.

Adjusted rCBF decrease in placebo-treated AD patients compared with donepezil-treated AD patients and from

baseline study to follow-up study as shown by SPM. Significant decrease is seen as maximal intensity projection (MIP) and colored
areas superimposed on standard 3-dimensional anatomic template.

TABLE 3
Location and Peaks of Significant (P < 0.001)
Decreases in Adjusted rCBF

Coordinate
Z score X y z Structure
4.94 56 —54 12  Right middle temporal gyrus
4.68 6 44 10 Right anterior cingulate gyrus
4.52 62 =54 22  Right inferior parietal lobules
4.20 48 —56 24 Right inferior parietal lobules
3.97 42 12 -4 Right inferior frontal gyrus
3.91 40 —18 10 Rightinsula
3.89 58 -8 8 Right superior temporal gyrus
3.86 -10 30 26 Left anterior cingulate gyrus
3.70 4 42 18  Right middle frontal gyrus
3.62 48 44 18 Right middle frontal gyrus
3.54 44 28 10 Right inferior frontal gyrus

Data are for placebo-treated AD patients compared with done-
pezil-treated AD patients from baseline study to follow-up study.

DISCUSSION

To our knowledge, only 2 studies have investigated the
impact of donepezil on rCBF. One study reported that the
global cerebral metabolic rate for glucose in donepezil-
treated AD patients did not significantly change from the
baseline rate, and this finding agrees well with our result.
However, that study did not investigate regional cerebral
metabolic rate 16). In another study, using®Tc-hexa
methylpropyleneamine oxime SPECT with SPM analysis,
Warren et al. 17) found a significant decrease in adjusted
rCBF in the left parietal lobe and both cingulate gyri in
donepezil-treated AD patients. However, unlike our study,
their study was not placebo controlled.

We found preservation of adjusted rCBF in the anterior
cingulate gyrus and right prefrontal cortex of donepezil-
treated patients. With regard to this finding, several previous
studies of functional neuroimaging have described the an-
terior cingulate cortex as being a site that subserves the
execution of action, motivation, planning, initiation of ac-
tion, and anticipation18-22. A PET study observed the
effect of physostigmine, an acetylcholinesterase inhibitor,
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on Working memory efﬁciency and also found increased ing group under the auspices of the Department of Health and Human Services

. : . Task Force on Alzheimer’s Disead€eurology.1984;34:939-944.
rCBF in the rlght prEfrontal COI"[EXZG). These studies 5. Hodges JRCognitive Assessment for Cliniciar@xford, U.K.: Oxford Medical

support the validity of our SPECT findings. Publications; 1993:197-228.
AIthough the principal mechanism by which donepezi|6. Anne T, Stephan F. The Stroop test: selective attention to colours and words.

. . . : Nature 1969;222:437—-439.
prObany benefits patients with AD is poorly understood, aQ. Pardo JV, Pardo PJ, Janer KW, Raichle ME. The anterior cingulate mediates

explanation by Kilgard and MerzenicB4) may help clarify processing selection in the Stroop attentional conflict paradiyoc Natl Acad
the mechanism. They explored the mechanisms that allow Sci USA.1990;87:256-259.

. . . Matsuda H, Yagishita A, Tsuji S, Hisada K. A quantitative approach to techne-
the cortex to selectlvely iImprove the neural representat|0r183 tium-99m ethyl cysteinate dimer: a comparison with technetium-99m hexameth-

of behaviorally important stimuli while ignoring irrelevant  yipropylene amine oximeEur J Nucl Med 1995:22:633—637.
ones. The results of their Study suggest that acety|ch0|ir% Imon Y, Matsuda H, Ogawa M, Kogure D, Sunohara N. SPECT image analysis

. . . . using statistical parametric mapping in patients with Parkinson’s dis@asecl
potentiates the formation of new neural connections, that is, \,. "1 9994015831589,

both declarative and procedural new memories. The pathal- Takeuchi R, Matsuda H, Yonekura Y, Sakahara H, Konishi J. Noninvasive
ogy of AD that accounts for progressive dementia is pri_ quantitative measurements of regional cerebral blood flow using technetium-

ilv the | f | tivity. Th ti 99m-L,L-ECD SPECT activated with acetazolamide: quantification analysis by
marily the Ioss of neural connectvity. ese connections equal-volume-split*™Tc-ECD consecutive SPECT methakiCereb Blood Flow

form morphologic bases for knowledge. On the other hand, metah 1997;17:1020-1032.
in a brain affected by AD, neuronal loss is observed in tH@. Friberg L, Anderson AR, Lassen NA, Holm S, Dam M. Retentior?*Tc-

| b lis. th | f the di | band of B bicisate in the human brain after intracarotid injectidnCereb Blood Flow
nucleus pbasalls, the nucieus o € dlagonal band O I’OCEl,Metab 1994;14(suppl 1):519-S27.

and the medial septal nuclei. The neuronal loss impairs the Talairach J, Tournoux FCo-Planar Stereotactic Atlas of the Human Brain.
formation of new memories. Therefore, patients with AD Stuttgart, Germany: Thieme; 1988.

h . | f old . di ired b'ﬁg' Ohnishi T, Matsuda H, Hashimoto T, Kunihiro T, Nishikawa M, Uema T.
ave progressive oss or old memories and impaired abllity ppnormay regional cerebral blood flow in childhood autisBrain. 2000;123:

to partially compensate the loss by reforming memories. In 1838-1844.

this Conceptualization donepezil potentiates the formatidf Friston KJ, Frith CD, Liddle PF, Frackowiak RSJ. Comparing functional (PET)
o . images: the assessment of significant chanbeCereb Blood Flow Metab
of new neural connections (hence memories) and sequen-jgg1.11-690_699.

tially compensates for the loss of neural connectivity causesl Friston KJ, Worsley KJ, Frackowiak RSJ, Mazziotta JC, Evans AC. Assessing

by the disease. FinaIIy SPM allowed us to handle images the significance of focal activations using their spatial extelnin Brain Mapp
] L . 1994;1:214-220.
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