Cerebral blood flow (CBF) was assessed during a
verbal recall task using ["°OlJwater positron emis-
sion tomography (PET) in older adults with mild
cognitive deficits participating in a placebo-con-
trolled donepezil trial. The placebo group demon-
strated reduced CBF in the left frontal and tempo-
ral regions over the 6-month period, while those
receiving donepezil did not. The placebo group’s
performance did not change on a list-learning
task, while the donepezil group’s performance im-
proved, despite having had lower performance at
intake. These findings suggest that donepezil
treatment may be associated with a relative main-
tenance of CBF and improved list-learning.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2006; 18:178-185)

178 http://neuro.psychiatryonline.org

Donepezil Effects on
Cerebral Blood Flow in
Older Adults With Mild
Cognitive Deficits

Xiying Chen, Ph.D.
Vincent A. Magnotta, Ph.D.
Kevin Duff, Ph.D.

Laura L. Boles Ponto, Ph.D.
Susan K. Schultz, M.D.

Donepezil represents one of several medications in
widespread use for the treatment of memory de-
cline. Specifically, donepezil is a reversible acetylcholin-
esterase (AChE) inhibitor that modulates central nico-
tinic receptors by suppressing AChE activity in order to
increase cholinergic neurotransmission.'? Given that the
central cholinergic neuronal system plays an important
role in memory and cognitive functions,? it is a logical
target for pharmacological intervention in patients with
memory disorders, such as dementia and mild cognitive
impairment (MCI). The measurement of functional im-
aging changes that may illustrate the possible therapeu-
tic effects of cholinesterase inhibitors is a growing area
of research to which this study seeks to contribute.
Previous imaging studies have used largely the tech-
nique of single photon emission computed tomography
(SPECT) to assess changes in cerebral blood flow (CBF)
among subjects who have dementia and are undergoing
treatment studies. For example, Staff et al.® evaluated 12
patients with Alzheimer’s disease who previously had
undergone  **™Tc-hexamethylpropylene-amine-oxime
(*™Tc-HMPAO) SPECT imaging and proceeded clini-
cally to open-label donepezil treatment. This study re-
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ported a mean increase in global CBF, with the frontal
lobes showing the most significant increase.® In another
SPECT imaging study using '**iodoamphetamine (IMP),
Hanyu et al. found a greater decrement in regional CBF
(rCBF) in the medial and lateral frontal lobes in done-
pezil nonresponders, compared with 61 responders with
Alzheimer’s disease who were classified according to
response, based on the Mini-Mental State Examination.”
In a *™Tc-ethyl cysteinate dimer SPECT study of 35 pa-
tients with Alzheimer’s disease, the effect of donepezil
compared to placebo treatment was evaluated over a 1-
year period. The anterior cingulate gyri, right middle
temporal gyrus, right inferior parietal lobules, and pre-
frontal cortex demonstrated decrements in rCBF in pla-
cebo-treated patients, compared with patients receiving
donepezil.® In another controlled study, Nobili et al.’
used *"Te-HMPAO SPECT imaging to compare 13 un-
treated patients with Alzheimer’s disease to 25 patients
receiving donepezil over a 1-year period. At intake the
untreated group demonstrated higher CBF than the
treated group in left frontal and left parietal cortex.
However, over the treatment period, there was a greater
reduction in the left temporal and occipital-temporal
cortex in the untreated group, with no changes in the
treated group. Nobili et al. concluded that cerebral per-
fusion may be preserved in patients who have Alzhei-
mer’s disease and are undergoing chronic donepezil
therapy.’

A number of positron emission tomography (PET)
studies have examined CBF in the context of dementia
(for a review, see Wolf et al., 2003'). To our knowledge,
however, no previous studies have used [°Olwater pos-
itron emission tomography to determine donepezil ef-
fects in patients with mild cognitive deficits. One study
used '®F-fluorodeoxyglucose PET imaging in a 26-week
trial that compared 27 patients with Alzheimer’s disease
being treated with the cholinesterase inhibitor rivastig-
mine with patients undergoing placebo treatment. Sub-
jects who responded to rivastigmine demonstrated a
significant increase in metabolic activity in the hippo-
campus, compared to a relative decrease in hippocam-
pal metabolism across the same time interval in patients
who did not respond to treatment."!

The above investigations involving Alzheimer’s dis-
ease patients have suggested a beneficial effect of the
cholinesterase inhibitor donepezil. This study aimed to
evaluate the effect of donepezil in a sample of persons
with mild cognitive deficits (as opposed to overt de-
mentia). Treatment effects were evaluated in terms of
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global cerebral blood flow (gCBF) and regional cerebral
blood flow (CBF) as measured by quantitative
["°Olwater PET imaging and cognitive testing. The goal
of this work was to determine whether donepezil ex-
erted detectable effects in this early state of cognitive
decline that could provide information on the potential
clinical utility of donepezil for mild cognitive impair-
ment. Subjects for this study both were recruited from
the community and volunteered because of a self-per-
ception of memory loss. Given this self-awareness, this
sample may represent a treatable population that is ac-
cessible if clear benefits can be demonstrated from the
treatment intervention.

METHOD

Fifteen older adults with mild cognitive deficits were
studied after written informed consent was obtained in
accordance with the University of lowa Institutional Re-
view Board. The study involved a double-blind, pla-
cebo-controlled randomization to donepezil titrated to
10 mg daily over the first 6 weeks and then continued
for a 6-month period with imaging sessions (described
below) at baseline and at 6 months. Cognitive impair-
ment was objectively assessed with several neuropsy-
chological measures, including the Mini-Mental State
Examination (MMSE)'? and the Hopkins Verbal Learn-
ing Test-Revised (HVLT-R)."> The MMSE is a widely
used screening instrument that evaluates global cogni-
tive functioning, and the HVLT-R is a list-learning test
that assesses verbal learning and memory. Consistent
with existing criteria for mild cognitive impairment
(MCD),'* all participants complained of memory prob-
lems and demonstrated objective memory deficits on at
least one test of learning and memory (Mattis Dementia
Rating Scale: Memory subscale,'” Wechsler Memory
Scale-1II: Logical Memory,'® Brief Visuospatial Memory
Test-Revised),'® which were defined as one or more
standard deviations below age-adjusted expectations
based on estimates of premorbid functioning.'” Global
cognition (MMSE, Mattis Dementia Rating Scale total
score), however, was within normal limits for all partic-
ipants. No subjects reported significant difficulties with
activities of daily living.

Subjects were excluded if they had a history of major
neurological, metabolic, or psychiatric disorders, cardio-
vascular disease, cerebrovascular events, substance
abuse or other significant medical problems. Medical
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conditions were evaluated through a review of all avail-
able medical records, current medications, and patient
examination. Any acute or unstable condition was ex-
clusionary in the event that a medical condition was
present (e.g., hypothyroidism with stable replacement
therapy) or a consensus was achieved by the primary
investigators that the condition and its treatment would
not incur a variation in CBFE. An independent clinical
neuroradiologist also reviewed each subject’s structural
MRI so that any evidence of a complicating disease state
could be excluded (e.g., stroke). Not all subjects had
taken donepezil prior to enrollment. At intake, all 15
subjects were imaged using both magnetic resonance
(MR) and positron emission tomography (PET) imag-
ing. Seven patients (two men, five women) were selected
at random to receive donepezil (titrated to 10 mg/day),
whereas eight patients (three men, five women) received
placebo. Three subjects in the donepezil group and one
subject in the placebo group chose not to continue par-
ticipation through the second imaging session. Of these,
two subjects withdrew because of noncompliance with
study medication, one chose to participate in a compet-
ing medication study, and another withdrew because of
a developing respiratory illness. These subjects were
comparable to those who did continue the study in
terms of age, education, and global cognition. However,
on one memory measure, the Mattis DRS Memory Scale,
the subjects who withdrew scored lower than continu-
ing subjects. The remaining 11 subjects were reevaluated
with PET and cognitive testing after 6 months of done-
pezil or placebo treatment. All procedures were con-
ducted in a double-blind fashion such that the raters and
PET imaging facility staff were not aware of the medi-
cation group status of each subject.

The structural MR images were obtained using a GE
Signa 1.5T MR scanner. These images were used to lo-
calize regions of interest (ROI) on PET images and to
exclude overt structural abnormalities (e.g., stroke). Two
sequences were acquired for each subject. The T1 se-
quence was obtained as a 3 Da volume in the coronal
plane using a spoiled GRASS sequence with the follow-
ing parameters: TE = 6 msec, TR = 20 msec, flip angle
= 30°, FOV = 160X160X192 mm, matrix = 256X
256 X124, NEX = 2. The T2 images were acquired using
a 2 Da fast spin-echo sequence in the coronal plane with
the following parameters: TE = 85 msec, TR = 4800
msec, slice thickness/gap = 1.8/0.0 mm, FOV =
160 X 160 mm, matrix = 256 X256, NEX = 3, number of
echoes = 8, number of slices = 124. The MRI data were
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transferred to the Department of Radiology Image Pro-
cessing Laboratory for standard analysis by locally de-
veloped software (BRAINS2). The T1 weighted images
were aligned spatially along the interhemispheric fis-
sure and the AC-PC line was resampled to 1.0 mm® vox-
els. The T2 weighted scans were coregistered with the
resampled T1 weighted images using the automated im-
age registration (AIR) program.'® The Talairach bound-
ing box and the AC and PC points were defined to allow
warping of the Talairach grid onto each subject in the
study. The T1 and T2 weighted scans were used to per-
form a multispectral tissue classification, generating a
continuous (fuzzy) classification of the brain tissue."”
The resulting image contained the percentage of gray
matter, white matter, and cerebro-spinal fluid (CSF) at
every voxel. These continuous tissue classification im-
ages were entered into the neural network to define the
brain regions.”*** The Talairach atlas system defined
brain lobes including frontal, temporal, parietal, and oc-
cipital lobes.? The lobar and brain regions were limited
to tissue only (e.g., CSF voxels were excluded).
Quantitative [°O]water PET images were acquired on
a GE 4096 whole-body PET scanner (GE Medical Sys-
tems, Milwaukee) at intake and 6 months after the start
of a placebo-controlled donepezil trial. The imaging
technical methodology employed was identical to meth-
ods previously reported for our institution,*** includ-
ing the insertion of radial artery catheters and the sam-
pling and analysis of arterial blood via an online
sampler.”” Global CBF and rCBF were assessed during
a verbal production task (counting) and a memory task
(word list recall). The counting task served as a control
for the aspects of verbal production associated with ar-
ticulating words so that the memory functions of inter-
est in the verbal recall memory task could be isolated.
Subjects counted aloud from 1 to 3 repetitively during
the image acquisition period. For the verbal recall mem-
ory task, the subjects were given a word list to learn
prior to the imaging session. During the imaging session
they were asked to name as many of the words as they
were able to remember. During the two tasks, the sub-
jects performed at a rate of approximately one word/
second and continued for the 100 seconds of image ac-
quisition. The 40 seconds immediately postbolus transit
were used to create a static image. This static image and
the arterial input function calculated the corresponding
parametric (i.e., flow) image (scaled in mL/min/100g).
The cerebral blood flow images were coregistered with
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their corresponding MR scan using AIR.'® All analyses
were performed on the flow, not on the activity images.

Data Analysis

Imaging data were analyzed using both region of inter-
est (ROI) and function of interest (FOI) approaches.
ROIs were defined on the anatomical MR images. (See
Tables 1 and 2 for the specific ROIs evaluated.) Blood
flow values within these regions were compared using
SPSS 11.0 software. All results are expressed as means
(standard deviation). A probability level of less than 0.05
was considered significant. The donepezil-treated group
and the placebo group were compared in terms of age
and cognitive testing (independent-samples t test) and
gender prevalence (chi-square test). The rCBF values in
the counting task and the memory task were compared
between the two groups according to the following
methods: a comparison of each group between intake
and 6-months was carried out using the paired-samples
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t test. Comparisons between the donepezil and placebo
groups at intake and 6-months were performed using
independent-sample t tests without correction.
Function of interest (FOI) analyses between the two
groups were performed using statistical parametric
mapping (SPM2) (Wellcome Department of Imaging
Neuroscience, London, England) running on Matlab 7.0
(Mathworks Inc). In the preprocessing step, percutane-
ous ethanol injection therapy (PEIT) images were coreg-
istered to MR images that were AC-PC aligned. The T1
weighted image for each subject was spatially normal-
ized to the MNI-305 template T1 using the SPM2 spatial
normalization procedure. The final voxel size was 1.0
mm?®. The normalized data were then smoothed using a
Gaussian kernel at 10 mm full width at half maximum
(FWHM). Global voxel intensity normalization was per-
formed using proportional scaling with the value of 100.
The statistical threshold of SPM{t} map was set at p =
0.001. For the FOI analysis the significance level was

TABLE 1. Global and Regional Cerebral Blood Flow (mL/min/100g) During the Verbal Memory Task
Donepezil N = 5 (SD) Placebo N = 6 (SD)

Region Intake 6 Months Intake 6 Months
Brain Tissue 44.04 (6.70) 41.33 (6.78) 47.13 (5.98) 41.24 (5.64)*
Right Brain Tissue 46.43 (7.40) 42.95 (6.73) 47.66 (6.25) 42.07 (6.01)
Left Brain Tissue 46.16 (8.25) 43.38 (6.98) 49.07 (6.24) 42.83 (6.34)*
Right Frontal Tissue 48.68 (5.77) 45.01 (8.06) 48.97 (7.08) 42.83 (4.51)
Right Temporal Tissue 43.54 (6.93) 40.05 (6.03) 45.13 (6.30) 39.86 (5.84)
Right Parietal Tissue 44.52 (6.11) 41.46 (5.85) 45.82 (5.56) 40.96 (5.37)
Right Occipital Tissue 4242 (7.34) 40.76 (6.21) 45.94 (7.82) 40.68 (10.08)
Left Frontal Tissue 43.63 (7.21) 40.75 (6.50) 45.49 (6.01) 39.23 (5.97)*
Left Temporal Tissue 41.97 (7.43) 39.33 (5.40) 44.78 (6.26) 39.12 (5.20)*
Left Parietal Tissue 44.07 (6.85) 42.24 (6.51) 46.26 (6.34) 40.75 (7.84)
Left Occipital Tissue 50.12 (8.33) 48.09 (7.93) 52.75 (8.00) 46.91 (8.88)

*p<0.05 as compared to intake in the placebo group
Paired comparisons were made between the intake and the six-month values for each group. CBF reductions were found in the placebo

group.

TABLE 2. Global and Regional Cerebral Blood Flow (mL/min/100g) During Verbal Production (counting)

Donepezil N = 5 (SD) Placebo N = 6 (SD)

Region Intake 6 Months Intake 6 Months
Brain Tissue 44.03 (5.89) 43.91 (6.70) 47.15 (5.60) 43.58 (6.22)
Right Brain Tissue 44.79 (5.89) 44.25 (6.14) 46.91 (6.13) 43.45 (5.95)
Left Brain Tissue 43.92 (5.90) 43.91 (6.91) 47.31 (5.65) 43.67 (6.37)
Right Frontal Tissue 46.28 (5.75) 45.85 (5.73) 48.18 (5.67) 44.33 (4.23)
Right Temporal Tissue 42.69 (5.59) 42.21 (6.01) 45.07 (5.92) 41.92 (6.73)
Right Parietal Tissue 43.60 (6.30) 42.54 (4.90) 45.35 (6.31) 42.31 (5.10)
Right Occipital Tissue 41.48 (7.95) 40.60 (7.55) 44.38 (9.80) 41.38 (9.50)
Left Frontal Tissue 41.36 (4.55) 41.35 (6.73) 43.73 (5.54) 40.27 (6.40)
Left Temporal Tissue 40.90 (5.12) 40.18 (5.70) 44.01 (5.20) 40.54 (5.57)
Left Parietal Tissue 42.05 (6.27) 42.04 (6.16) 44.54 (5.55) 41.18 (7.48)
Left Occipital Tissue 48.27 (8.53) 48.41 (6.74) 50.93 (7.61) 47.34 (8.37)

Paired comparisons were made between the intake and the 6-month values for each group. No statistically significant changes were found.
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raised to 0.001 uncorrected to help control for the mul-
tiple comparisons. In addition, regions were considered
significant in the FOI analysis only if a cluster of at least
100 contiguous voxels exceeded the 0.001 level, which
helped lower the possibility of spurious positive find-
ings. The changes in CBF were compared between in-
take and 6 months using the “Population main effect:
two conditions, one scan/condition (paired t test)” in
SPM. This was done independently for the two groups.
The “two sample t test” in PET models was selected to
compare the CBF between the two groups at intake and
6 months, as well as to compare the CBF between the
placebo and donepezil groups. The differences between
6 months and intake were also analyzed to determine
areas of blood flow decrease (CBF at 6 months sub-
tracted from intake CBF) and blood flow increase (CBF
at intake subtracted from CBF at 6 months) as required
by SPM2.

RESULTS

The group receiving donepezil consisted of four subjects
(one man, three women) with a mean age of 74.8 (SD =
7.4) years and mean baseline MMSE score of 29.8 (SD =
0.50). The placebo group was composed of seven sub-
jects (three men, four women); the mean age was 68.4
(SD = 4.0) years and the mean baseline MMSE score
was 29.6 (SD = 0.8). The two groups were not signifi-
cantly different in age (p = 0.1), education (p = 0.4), or
gender (p = 0.7). At the intake visit, global cognition,
as assessed by the MMSE, Mattis Dementia Rating Scale
Total score, and Barona IQ estimate, was comparable
between the two groups (p = 09, p = 0.6, p = 0.6,
respectively). Despite random assignment, the two
groups were not equivalent for performance on a list-
learning test (HVLT Total Learning) at baseline, with the
placebo group performing significantly better than the
donepezil group (23.4 words versus 18.0 words; t (9) =
2.37, p = 0.042). Performance on the same measure at
the 6-month follow-up visit, however, was similar for
the two groups (25.3 words versus 23.2 words, p =
0.42), suggesting that the placebo group remained stable
across time, whereas the participants taking donepezil
improved in list-learning performance across time.

Intake Data

The rCBF in the defined ROIs did not show significant
differences between the donepezil and placebo groups
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during either the verbal production (counting) task or
the verbal recall memory task (see the “Intake” columns
in Tables 1 and 2 for donepezil and placebo groups).
However, the FOI analysis of intake data using SPM2
showed higher relative rCBF in several brain regions in
the placebo group at intake compared with the done-
pezil group (see Table 3). These differences were evident
in the regional blood flow measures acquired during the
verbal recall memory task. These regions included the
superior frontal, temporal and occipital gyrus, the infe-
rior parietal gyrus and postcentral gyrus of the left
hemisphere and the right precentral gyrus.

Six-Month Data

Using the ROI method, the donepezil group did not
vary in rCBF between intake and 6 months during either
the verbal production (counting) or verbal recall task, as
noted in the “Donepezil” columns in Tables 1 and 2.
However, the placebo group did show a reduction in
blood flow during the verbal recall task at 6 months
compared to baseline in several brain regions, including
total brain tissue, left hemisphere brain tissue, and the
left frontal and temporal lobes (Table 1), although the
results should be interpreted with caution, given the un-
corrected probability level of 0.05. Performance on the
counting task between intake and the 6-month follow-
up for the placebo group was comparable. Using the FOI
analysis of data at the 6-month time point, CBF in the
right superior parietal lobule was higher in the placebo
group compared to the donepezil group during the ver-
bal recall task (Table 3). In the placebo group, an rCBF
reduction was observed over the treatment period in the
left cingulate gyrus, the left middle frontal gyrus, the
right superior frontal gyrus, and the right precentral gy-
rus by SPM2 analysis (Table 4). In both the memory and
counting tasks, the change in CBF over the 6-month pe-
riod in the donepezil group did not reach statistical sig-
nificance when directly compared with the CBF change
in the placebo group.

DISCUSSION

This study utilized [’ Olwater PET imaging as a func-
tional neuroimaging technique to assess the effects of
donepezil in a group of older adults with mild cognitive
deficits by monitoring changes in CBF as a measure of
neuronal function. The region of interest (ROI) results
revealed decreases in CBF during the verbal memory
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task in the left frontal and temporal lobes of the placebo
group across a 6-month period. In contrast, no changes
were observed across the same time frame for the do-
nepezil group. These results resemble the findings from
the SPECT study by Nobili et al.” (2002) which used
9mTe-HMPAO SPECT to evaluate the effect of donepezil
in a group of patients with mild to moderate Alzhei-
mer’s disease. Nobili et al. also found significant reduc-
tions in the CBF in the left temporal lobe and occipital-
temporal cortex in the untreated group after 12 months,
but no changes in the donepezil group across time.” Fur-
thermore, one fluorodeoxyglucose positron emisson to-
mography (FDG-PET) study showed a similar pattern
in brain glucose metabolism in 28 patients with Alzhei-
mer’s disease participating in a placebo-controlled treat-
ment study of donepezil 10 mg/day for 6 months.?®
Striatal glucose metabolism was maintained in done-
pezil-treated patients but demonstrated a mean decline
of 10.4% in placebo-treated patients over the study pe-
riod.

The cognitive changes reported here over the 6-month
period demonstrated a similar pattern to the findings
observed in cerebral blood flow. During the baseline
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evaluation, the placebo group performed better than the
donepezil group on a list-learning test. At follow-up,
however, the groups were comparable on the same mea-
sure. One interpretation of these findings is that the do-
nepezil group improved across time, whereas the pla-
cebo group remained stable. With repeated assessments,
some improvements in performance are expected (i.e.,
practice effects); an absence of the expected practice ef-
fects could indicate cognitive decline.” Therefore, an al-
ternative interpretation of these findings is that the pla-
cebo group declined cognitively, as evident in their
inability to benefit from practice, whereas the donepezil
group remained stable. This latter interpretation of the
cognitive data also is consistent with the rCBF data re-
ported here. Despite reasons for caution in interpreting
these results in this small sample, all four of the rCBF
findings in the placebo group reflected lower flow at 6
months compared to intake. Although the donepezil
group showed the same pattern, none of the ROIs
showed a significant change in rCBF. This is consistent
with the FOI analysis which also showed several regions
of decreased rCBF at 6 months in the placebo group and
no differences in the donepezil group.

TABLE 3. SPM2 Analysis of the Normalized rCBF During Verbal Memory Task: Donepezil vs. Placebo Groups by Time
Cluster Talairach Coordinates

Time Extent X Y V4 t Score Location

Intake
124 45 -29 5 8.54 L superior temporal gyrus
108 19 9 39 7.31 L superior frontal gyrus
381 37 =37 32 7.31 L postcentral gyrus
114 21 42 1 5.82 L superior frontal gyrus
155 56 —22 26 5.70 L inferior parietal gyrus
102 30 =75 26 5.46 L superior occipital gyrus
167 —56 -10 25 4.87 R precentral gyrus

Six months
387 =17 =70 23 6.83 R superior parietal lobule

Height threshold: T = 4.30, P = 0.001
Extent threshold of 100 voxels, voxel size: 1.0, 1.0, 1.0 mm

TABLE 4. SPM2 Analysis of the Normalized rCBF During the Verbal Memory Task: Intake vs. 6 Months (intake-6 months) in Placebo

Subjects
Talairach Coordinates
Cluster Extent X Y z t Score Location
287 =10 44 37 17.89 Right superior frontal gyrus
672 10 29 18 14.02 Left cingulate gyrus
248 10 55 -19 9.13 Left middle frontal gyrus
113 —24 =29 40 8.06 Right precentral gyrus

Height threshold: T = 5.89, P = 0.001
Extent threshold of 100 voxels, voxel size: 1.0, 1.0, 1.0 mm
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The finding that the donepezil and placebo groups
showed different patterns over time in CBF measures
obtained during a verbal memory task is consistent
with the neuroimaging literature regarding the utility
of a cognitive stimulation, in contrast to resting
['®F]fluorodeoxyglucose (FDG) PET imaging for the pre-
diction of the severity of dementia.’*?! Just as with other
physiological processes, decrements in performance
ability may become evident only under the exertion of
an activation task. The use of activation tasks may be
particularly important in the context of treatment stud-
ies as well as in milder syndromes such as mild cogni-
tive impairment where the severity of neurobiologic
deficits may be more subtle and variable among indi-
viduals.

In conclusion, these data suggest that the CBF in cer-
tain regions appeared stable during a 6-month treatment
period in subjects receiving donepezil. However, given
that cerebral blood flow measures may be affected by

age, gender and the methods used in their calculation,*
one must be cautious in inferring abnormalities in CBF
without accounting for the composition of each sample
and the methods employed. The conclusions that may
be derived from these findings are clearly limited by
several factors, including the small number of cases and
heterogeneity in cognition reflecting possible variations
in cholinergic deficit, as well as variations in effort in
performing the verbal recall task. While these limita-
tions may reduce the applicability of these findings, this
type of exploratory work may aid in the development
of methods to detect treatment effects of cognitive
agents. These findings convey the possibility that there
may be an effect of cholinesterase inhibitors in early cog-
nitive decline which may be further explored in larger
studies.

This study was supported by the National Institute of Men-
tal Health award R21 MH-61801-01A1.
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