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Abstract

Imaging studies have reported marked reductions in brain glucose metabolism in Alzheimer's M&Base
However, less is known about disruptions in the patterns of brain metabolic activity. Here we questioned whether AD
affects the patterns of homogengiheterogeneity in brain metabolism. PET images of 35 AD subjects were compared
with those of 35 controls. A template was applied to extract a cortical rim, which was partitioned into 990 contiguous
regions. Estimates of metabolic homogeneity were obtained using the coefficient of vat@idnThe CV of the
entire cortex was found to be significantly larger in AD, suggesting increased heterogeneity at the whole brain level.
In contrast, regional CV was significantly lower in AD in temporal and parietal cortices, which were the regions that
along with the precuneus had the largest metabolic decrements, though the precuneus had increased CV. The enhanc
heterogeneity for the global cortical pattern most likely reflects variability in the degree of pathology among brain
regions as well as neuroanatomical disconnection. The enhanced homogeneity in parietal and temporal cortices |
likely to reflect loss of regional differentiatioti.e. macrocolumnar disorganizatipiThe enhanced CV in precuneus,
despite its marked reductions in metabolism, suggests that increases in regional homogeneity in parietal and tempor
cortices are not a mere reflection of the decrement in metabol&sr2002 Elsevier Science Ireland Ltd. All rights
reserved.
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1. Introduction reductions in brain glucose metabolism, which are
] . ) ) ) most accentuated in the parietotemporal cortex
Imaging studies of patients with Alzheimer's (Foster et al., 1984; Jagust et al., 1997; Kogure et
Disease(AD) have consistently shown significant gj. 2000. The decrements in brain glucose metab-
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631-344-5260. (Foster et al., 1984; Herholz, 1905In addition
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jects with AD have shown a loss in the patterns 2. Methods
of cortical connectivity (Ceccaldi et al., 1995;
Desgranges et al., 1998; Giannakopoulos et al., 2.1. Subjects and clinical data
1995; Li et al., 200D as well as regional columnar ) )
organization(Fonseca and Soriano, 1995; Parvizi ~Subjects were 35 normal and 35 AD subjects
et al., 2000; Van Hoesen and Solodkin, 1998  With comparable agébetween 60 and 85 years
part linked to amyloid depositiofAkiyama et al., ~ and gender(20 females, 15 mal@sdistribution
1993). (Tgble :I) Subjects were drawn frpm New quk
Imaging studies measuring brain glucose metab- University (NYU) School of Medicine Alzhei-
olism in AD subjects have concentrated on assess-Mer's Disease Center. Written informed consent
ing the magnitude of the changes in regional brain Was obtained from all subjects at NYU and at
metabolism while little is known about the changes Brookhaven National Laboratorie€BNL) (and,
in the patterns of metabolism within a given region When appropriate, from the caregiver as el
or throughout the brain. Here we questioned Subj.ects received an extensive screening and d]ag-
whether the histopathological changes reported in NOStiC_battery that included medical, neurologic,
AD (loss in cortical differentiation, loss of colum- PSychiatric, neuropsychological and neuroradiol-
nar organization and cortical disconnectiavould oglcal examinations. SUb]?CtS were echgde_d from
lead to changes in the patterns of homogeneity this StUd.y if they had_ evidence of a S|g_r1|f|<;ant
heterogeneity of brain metabolism. We hypothe- ngurologlcal abnormqlltﬁe'.g.'s.troke, psy_chlatrlc
sized that AD subjects would have increased het- d!s_order(e.g. depression significant ”?ed'ca' con-
erogeneity in the entire cortex due to the decreasedtogts')onzr(eége'nsgrconi:rr]oI:?mgmerg;ﬁo?hgr C(;jllgggl-
interaction between cortical brain regions but Det’erioration Sc);IéGIgS) (Reiéber etal. 1082
would have enhanced homogeneity at the regional and the Mini-Mental Status ExamigaticﬁMi\ASE)
level due to loss in cortical differentiation. For this (Folstein, 1983 were administered to stage the
%;%%Ze fvrv :man;%zriﬂghifre%mfé b;a;:i]er:tita;)r?(ljlc study participants. Subjec_ts were categorized as
compared them with those of 35 controls of a follows: normal control subjectGDS 1 or 2 and

il d ivalent der_distributi mild to severe AD patient§GDS 4—6. Further-
similar ageé and equivalent gencder distribution. more, MMSE scores<27 excluded individuals
Cortical brain regions were automatically seg-

d h . dth ici from the control group. The diagnosis of AD was
mented across the entire cortex and the coefficients - 4o according to the guidelines of the NINCDS-

of variations in these regions were used as the ,pppa criteria (McKhann et al., 198%and DSM
measure of regional homogeneity. In parallel, we , (American Psychiatric Association, 1994

also obtained the SPM analyses to assess if therype 1 summarizes clinical characteristics of the
regions with the greater changes in homogeneity subjects.

were also the ones with larger metabolic decre-

ments. The data for some of these subjects have 2. PET scan procedure

previously been published as part of a study that

compared metabolism between AD and controls FDG-PET scans were obtained using a Siemens
(de Leon et al., 1997 CTI-931 scanner. The scanner generates 15 axial

Table 1
Clinical characteristics of normal controls and of subjects with Alzheimer’s disease

Age Education GDS MMSE

Normal subjects 71.465.76 15.63-2.39 1.83+0.38 29.49-0.89
AD subjects 71.346.86 14574 2.82 4.63:0.73 18.8G:7.89




N.D. Volkow et al. / Psychiatry Research Neuroimaging 114 (2002) 39-50 41

Fig. 1. Cortex partition map.

tomographic slices covering 101 mm, with nearly 2.3. Cortex extraction and segmentation
isotropic ~6.2—6.7 mm FWHM resolution. Each
subject’'s head was secured with a plastic custom- Each brain i d to the Méntreal
molded head holder, positioned using two orthog- rain image was mapped to the onwrea
onal laser beams, and imaged axially. Attenuation Neurological Institute (MNI) _template, Wh'Ch.
correction was obtained using®& (5Ge trans- closely resgmbles the Talairach space, using
mission scan. One hour prior to the PET scan, a SPM99(Institute of Neurology, Wellcome Depart-
radial artery catheter and a contralateral antecubital Ment of Cognitive Neurology A cortex mask
venous line were positioned. Subjects received 5— (Fig- 1) with a systematic and symmetrical parti-

6 mCi of FDG intravenously. Arterial blood sam- tion of the cortices was created in the Talairach
ples were obtained at standard intervals to monitor SPace and was inversely mapped back to each
g|ucose ar‘]dl8 F levels. During the scan subjects brain image. The outward and inward boundaries
lay supine in the dimly lit scanner room with their Of the cortical rim were determined by using a
eyes opened and ears unoccluded. Scanning comthreshold of 80 and 60%, respectively, of the whole
menced 35 min after isotope injection and lasted brain metabolic mean. To ensure a uniform com-
for 20 min. Two 10-min acquisitions are obtained. parison across subjects with various brain sizes,
All data are decay corrected so that the amount of we focused on the analysis of planes between the
isotope that is recovered is corrected by the decay Talairach’s vertical coordinates= —9 andz=26.
constant and therefore the pattern is unchangedWe divided this volume of the brain into 36 2-mm
across the two acquisitions. In order to improve thick axial planes. The regions of interdRROls)

the z-axis spatial resolution, we obtained and were then extracted using an automated procedure
interleaved two 15-slice data acquisitions translat- that segmented the cortical rim into 32 angular
ed by one or more half slice thicknesses 3.4 cuts (some planes had fewer because of their
mm) (Bendriem et al., 1991 The CMRglu was  anatomical structurg@seach with an approximately
calculated using standard proceduféeivich et equal number of voxel§éapprox. 28 voxels This

al., 1989. partition resulted in a total of 990 ROls.
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Fig. 2. Results for SPM indicating small brain regions where

regional heterogeneity is significantly lower in AD than in con-  Fig. 3. Results for SPM indicating small brain regions where

trol subjects.a=0.05. regional heterogeneity is significantly higher in AD than in
control subjectsa =0.05.

2.4. Statistical procedures
Chi-square tests for two-way contingency tables

24.1. CV were adopted for the laterality and group compar-

The coefficient of variatio(CV), which is the isons. Comparisons on the metabolic means
ratio of the standard deviation and the mean, was (absolutée relative) were performed similarly. The
adopted as the measure of heterogeneity. In thisrelative metabolic mean of each ROI is the ratio
study, the CV is expressed as the percentage ofof the absolute metabolic mean for that ROl and
the standard deviation in terms of the mean. The the global cortical mean.
advantage of the CV measure lies in that it is
dimensionless and unaffected by the vnitagni-  2.4.3. SPM
tude of the mean. This is particularly relevant in  Relative metabolic differences between the con-
the metabolic image where different images are of trols and the AD patients were also examined on
different signal strength. The CV is also invariant @ voxel basis with SPM99 using the independent
to the type of metabolic measures adopted, either samplesr-test. Statistical Parametric Maps of rel-
absolute or relative. The CV measure we proposed ative metabolic differences were displayed in cor-
was calculated within each subject, both for the onal, transverse and sagittal views showing only
entire cortex(global) and for each cortical region  Voxels reaching a statistical significance ef=

(regiona). 0.005 (uncorrected for multiple comparisons
Coordinates of the voxel with the highesscore
2.4.2. ROI-based comparison on CV, absolute and in each isolated significant region were reported
relative metabolism in the Talairach and Tournoux Atlas reference
Independent sampletests were performed to space.
compare the regional heterogene(yV) between In order to depict the regional heterogengity

the controls and the AD patients on the systemat- homogeneity changes in a comparable ways for
ically partitioned ROls. Paired sampletests were  each subject, we replaced the metabolic value at
performed to compare the heterogendi€V) of each voxel with the CV value of the ROI it

the corresponding left and right regional pairs. belonged to. These brain homogeneity images were
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Table 2 3. Results
Percent of ROIs for which the absolute and the relative meta-

bolic measures and the CV were significantly higher or lower 3.1. Global
in controls than in AD subjects at=0.05 for the left and the o

ight cort . . .
right cortex The global brain glucose metabolism in the

Absolute Relative cv segmented cortical regions was significantly lower

metabolism metabolism in subjects with AD than in controls, which cor-

Left Right Left  Right Left  Right responded to 28.2+4.8) wmol/100 g per min

cortex cortex cortex cortex cortex cortex and 36.9(+4.8) wmol/100 g per min, respective-
Higher 99% 8%  36%  17% 20w 8w Y (=—7.58, d.f=68, P<0.000D. The CV
Lower 0% 0%  10%  15% 5% 8% across the entire cortex was significantly higher in
AD than in controls and corresponded to 27.1
(+£3.6) and 23.5(+1.6), respectively(r=5.44,
d.f.=68, P<0.000D.

then an"flly_zed by SP'V'99_ in the same way as the 3 Regional measures and SPM analysis

metabolic images. Statistical Parametric Maps of

homogeneity changes were thus created and dis- A separate comparison for the absolute meta-
played in coronal, transverse and sagittal views polic measures in the ROl showed that the reduc-

The distributions of significant CV changes in the two cor-
tices are significantly differenty? test with 2 <0.000D.

(Figs. 2 and 3. tions were significant across all cortical brain
regions (Table 2. SPM analyses of the relative

2.4.4. Multiple regression and discriminant metabolism revealed that these reductions were

analysis most accentuated in parietal cortex, temporal cor-

To identify variables closely related to the cog- tex and precuneuéFig. 4 and Table B whereas
nitive deterioration due to AD, the best subset of metabolism was relatively spared in motor and
variables for predicting the GDS and the MMSE visual cortices as evidenced by the relative increas-
were found using the SAS REMIAXR proce- es in those areadig. 5 and Table ¥ A compar-
dure. The two-nearest neighbor discriminant anal- ison of the CV for each ROI showed greater
ysis was performed via the SAS DISCRM  homogeneity in AD than in controls in the left
NPAR procedure to examine the classification cortex. Table 2 also shows the percentage of ROIs
power of the metabolic mean and the CV meas- where CV was significantly lower or higher at=
ures. The classification rate was obtained via cross- 0.05 in AD subjects than in control$igs. 2 and

validation (Lachenbruch and Mickey, 1988 3 plot the anatomical locations of these regibns

All P-values reported in this article are two- In order to assess whether regions with signifi-
sided except those from the chi-square tests. cant changes in CV corresponded to those with
Table 3
Significant decreases in relative brain metabolism in AD subjects compared with controls
Region Atlas coordinates P-value

X y z T-score

Left tempora) posterior parietal cortex —60 —-40 -12 5.21 0.001
Left tempora) posterior parietal cortex —52 —56 12 5.40 0.001
Right temporal posterior parietal cortex 48 —-52 24 4.75 0.005
Precuneugposterior cingulate 10 —46 28 6.32 0.000

Coordinates are from the brain atlas of Talairach and Tournatiis the distance in millimeters to the riglit-) or left (—) of
midline, ‘y’ is the distance in millimeters anteridr+) or posterior(—) to the anterior commissure, ang’ ‘is the distance in
millimeters superiof +) or inferior (—) to a horizontal plane through the anterior and posterior commissemesiues are corrected
for multiple comparisons.
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Table 4
Significant increases in relative brain metabolism in AD subjects as compared with findings in controls

Region Atlas coordinates P-value
by y z T-score
Left motor cortex —56 —-10 24 5.93 0.000
Left putamen pallidum -22 -18 -4 7.30 0.000
Left visual cortex -6 -84 4 4.95 0.002
Posterior thalamus 4 —-32 -16 6.15 0.000
Right motor cortex 56 —-12 24 8.08 0.000
Right putameripallidum 28 —-18 0 8.44 0.000
Right visual cortex 14 —80 8 5.36 0.001

Coordinates are from the brain atlas of Talairach and Tournauss ‘the distance in millimeters to the right-) or left (—) of
midline, ‘y’ is the distance in millimeters anterigr-) or posterior(—) to the anterior commissure, and ‘is the distance in
millimeters superiof +) or inferior (—) to a horizontal plane through the anterior and posterior commisseweslues are corrected
for multiple comparisons.

the most marked changes in metabolism, we com- 3.3. Discriminant analysis

pared the maps in Figs. 2 and 3 to those in Figs.

4 and 5, where ROlIs differ significantly in relative To evaluate the possible diagnostic value of CV,
metabolism between the controls and the AD we performed a series of multivariate discriminant
subjects, either positively or negatively, as identi- analyses(2-nearest neighbdrusing the measures
fied by SPM. The comparison revealed that the of absolute metabolism, and CV, for the entire
areas with the largest metabolic decrements, which cortex and for ‘composite’ regions generated by
were located in parieto-temporal cortex and in merging contiguous regions located either in the
precuneus, had opposite changes in regional homo-parietal or the precuneus area. Relative measures

geneity. The parietal association corteBA 39— were not used since they did not help to further
40) was more homogeneous in AD than in controls discriminate between the groups. These composite
while the opposite was true for the precunéB# ROIs were selected since they were the regions in

7), especially the left precuneus. The prefrontal the SPM that differed the most in homogeneity as
cortex(BA 10) had only mild metabolic decreases, well as in metabolism between controls and AD
but was more homogeneous. The areas with the subjects. The results from the discriminant analysis
largest relative metabolic increasdsg. 5), which are summarized in Table 6.
were located in the motor corteBA 4 and 6
and the primary visual cortedBA 17), were more 4. Discussion
heterogeneous.

An analysis for laterality differences in metab- 4.1. Changes in brain functional homogeneity
olism showed that in both AD and control subjects,
more regions had significantly higher metabolism  The regions that were more homogene6us-
in the right than in the left, but this laterality effect 0.05 in AD than in controls were concentrated in
was significantly larger for the AD patients than three areas: the parietal and temporal association
for the controls. They? test showsP-values of cortices and the prefrontal cortex, especially the
less than 0.0001 for both the absolute and the left side. The parietal and the temporal association
relative metabolism. The laterality analyses for the cortices are regions that typically show marked
CV measures revealed that in controls more ROIs reductions in metabolism in AD@Herholz, 1993.
in the left cortex had higher CV than in the right, The prefrontal cortex, though less consistently
whereas the opposite was true for the AD subjects abnormal than the parietal-temporal cortex, also
(Table 9. These distributions were significantly shows decrements in metabolism in ABoster et
different (x? test with 7 <0.000D. al., 1989. The regions that were more heteroge-
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Fig. 4. Results for SPM indicating brain regions where relative Fig. 5. Results for SPM indicating brain regions where relative
metabolism was significantly lower in AD than in control sub-  metabolism was significantly higher in AD than in control sub-
jects.a=0.005. jects.a=0.005.

~

t-test,
df=68

neous in AD subjects were concentrated in three tal, temporal and prefrontal ROIs. These are brain
areas: motor cortex, primary visual cortex, and areas that show high density of neurofibrillary
precuneus. The motor and the primary visual tangles and senile plagues in subjects and atrophy
cortices are usually spared by ABruckner et with AD (Giannakopoulos et al., 1994, 1995;
al., 1999; Geula and Mesulam, 1996vhich was Najlerahim and Bowen, 1988; Van Hoesen et al.,
evidenced in this study by the increase in their 2000. The enhanced heterogeneity in the precu-
relative metabolism. In contrast, the precuneus neus, which is a heterogeneous area consisting of
showed a marked reduction in metabolism as the subdivisions characterized by different cortico-
parietal association cortex but an enhanced heter-cortical and cortico-thalmic connectiof&ndersen
ogeneity in AD subjects. et al., 1987; Catalan et al.,, 1998; Elston et al.,
We postulate that histological changes such as 1999; Salmon et al., 2000; Vanduffel et al., 1995
neuronal damage, columnar disorganization andis likely to reflect the differential involvement of
cortical atrophy(Akiyama et al., 1993; Fonseca some regions but not others in AD. Functional
and Soriano, 1995; Van Hoesen and Solodkin, imaging studies have shown that the precuneus is
1993 in AD lead to the decreased metabolism a multimodal region involved in different neural
and enhanced homogeneity observed in the parie-networks that are differentially affected by AD

Table 5
Percent of leffright symmetrical cortical regional pairs for which the CV and the metabolic nébath for the absolute and the
relative metabolic measurewsere significantly different ate=0.05

Normal controls AD subjects
CcVv Absolute Relative CcVv Absolute Relative
metabolism metabolism metabolism metabolism
Left>right 6% 5% 5% 3% 0.1% 0.1%

Left<right 3% 15% 15% 8% 32% 33%
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Table 6

Summary of the discriminant analysis based on CV and absolute metabolic means, in percentages

Measures Sensitivity Specificity Overall
Global mean 86 86 86
Global CV 80 91 86
Global mean-global CV 94 89 91
Mean alone(global, left and right parietal, left and right precungus 94 94 94
CV alone(global, left and right parietal, left and right precungus 94 94 94
Mean (left parieta) + CV (global, left parietal, right precunelus 94 100 97
Mean (left parieta) + CV (global, left precuneyst age+ education 100 100 100

(Backman et al., 1999; Baron et al., 2001; LaBar ments in absolute and relative metabolism as well
et al., 1999; Maddock et al., 2001; Resnick et al., as the larger number of ROIs that were more
1998; Salmon et al., 2000 We speculate that homogeneous in the left than in the right cortex.
differential neuronal damage and disconnection of A predominance of left abnormalities in AD sub-
its subdivisions might have caused a mosaicked jects had previously been reported in postmortem
appearance in this region that resulted in the studies(Li et al., 2000, MR/CT brain volume
enhanced heterogeneity. measuregSavolainen et al., 2000; Ueyama et al.,
Overall, the results on the CV are dependent on 1994), brain bioelectrical activity studieAlvarez
the level of ROI analyses. When the analysis is et al., 1999, right-side neglec{Bartolomeo et al.,
done on the entire cortex, the brains of AD subjects 1998, and PET metabolic measuremer{fSes-
show greater CV than those of controls, whereas granges et al., 1998 Moreover, left-sided deficits
on the regional level they tend to show lower CV. were shown to be more predictive of cognitive
The increased homogeneity on the regional level, decline in AD than those in the right cortéKeilp
as discussed previously, could result from AD- et al., 1996. The global CV of the left cortex
related histological changes. The enhanced CV in alone is significantly correlated with both GDS
the entire cortex, on the other hand, is likely to (r=0.37, P=0.03) and MMSE (r=—-0.38, P=
reflect several processes that result in heterogeneity0.03), while the CV of the right cortex is not.
at the macro-anatomical leveArendt et al., 1998; For the normal controls the cortex is more
Giannakopoulos et al., 1995; Narisawa-Saito et al., homogeneous on the right than the left and the
1996; Shukla and Bridges, 19R9These include right side is also more active metabolically than
disconnections between brain regions as well asthe left. This could reflect the postulate that the
the variability across brain regions in the magni- right brain is in charge of processing novel stimuli
tude of the metabolic and structural changes that and therefore, has to be more flexible than the left
lead to some brain regions having marked reduc- cortex, which is more differentiate@ucker and
tions in metabolism and atrophyparietal cortex Williamson, 1984. In contrast, for the AD patients
while others are left relatively intadimotor cor- the left cortex is more homogeneous than the right,
tex). Alternatively, one could argue that the which is concordant with a greater involvement of
increased homogeneity in the brain regions maxi- the left cortex than of the right in AD.
mally affected by AD could simply be a floor
effect. In contrast, the increased heterogeneity in 4.3. Discriminant analysis
the brain regions characteristically unaffected by
AD could result from the topographical heteroge-  The average MMSE score for our AD group is
neity of the disease. 18, and clinically it is not difficult to differentiate
an AD patient with a MMSE score of 18 from a
normal elderly person. However, the AD subjects
The left cortex was more affected than the right in our study are of differential disease severity
in AD subjects as evidenced by the larger decre- with MMSE scores ranging from 2 to 30. Sixty

4.2. Laterality
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percent of our AD subjects have MMSE scores
more than 18, 26% have scores of at least 25 and
11% of at least 28; while 14% of our control
subjects have MMSE scores of no more than 28,
with the maximum score for either group being
30. Thus, at an individual level it is not always
easy to differentiate between the subjects with
mild AD and the elderly subjects with borderline
MMSE scores.

Discriminant analyses based on levels of brain
glucose metabolism have been done previously
(Jelic et al., 1999; Jobst et al., 199sowever,
this is the first time that the homogeneity measure
(CV) has been included. An intensive search of = o ,
published literature revealed that the best perform- This high degree of replicability emphasizes the
ance in discrimination between AD and the normal Consistency of the pattern of metabolic abnormal-

subjects is attained by using the 3D stereotaxic li€S seen in subjects with AD. The SPM maps
surface projections from the metabolic images &lSO showed that the subjects with AD had ‘rela-

(Minoshima et al., 1995 It involved the normal- tive’ increases in the primary vis_ual cortex, mo?or
ized z-score of each voxel in the parietal associa- COrtex, basal ganglia and posterior thalamus. Since
tion cortex plus its stereotactic coordinates and these differences were obtained afte_r no_rmallzatlon
metabolic indices derived from the unilaterally for global metabolism, these ‘relative increases’
averaged parietal-temporal-frontal cortex. It &€ usually regarded as reflecting relative sparing
showed a sensitivity of 97% with a specificity of ©Of these brain regions by AD.

100%. This agrees extremely well with our results

of 94% sensitivity and 100% specificity achieved 4.5. Limitations and on-going work

by a combination of the mean and CV measures

from the entire cortex as well as the parietal and The regional homogeneity measw€V) is a
precuneus ROIs. The 3D discrimination is superior new parameter to describe metabolic changes in
to other discriminant analyses based on regional the brain. We cannot ascertain the ranges that are
and global metabolism alone, which might be the considered to be normal and the extent to which
result of its utilization of the 3D metabolic distri- these ranges will vary as a function of the mental
bution of the entire parietal association cortex and state of the subjects and the conditions under
the unilaterally condensed distribution of the pari- which the studies were performed. Future studies
etal-temporal-frontal cortex. CV helped summarize evaluating changes in CV between controls and
this distributional information in terms of the AD subjects during activation conditions would
regional metabolic variation, and thus, compensat- provide further information on the responsiveness
ed for the limitation of the average metabolic of the AD brain to activation beyond just an

Fig. 6. PET metabolic imagé.) and the local CV magR).

measures alone. analysis of the magnitude of changes in glucose
utilization.
4.4. SPM and changes in relative metabolism The CV map where the metabolic value at each

voxel is replaced by the corresponding regional
In this study the results from the SPM analyses CV is not smooth. Thus, the SPM analysis on CV
revealed that the largest decrements were in thepresented here is of an exploratory nature: one can
precuneus, posterior cingulate and posterior parie- examine regions that are significantly different in
tal temporal cortex. These results are almost iden- homogeneity between the groups via the SBM
tical to those previously reporte@Desgranges et tests; however, one cannot utilize the results based
al., 1998; Kogure et al., 2000; Ishii et al., 1997  on the random field theor¢the cluster or set level
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P-value9, which requires the smoothness assump- tions that have greatly clarified and improved our
tion. In parallel, we have been developing the local work.
CV method where the CV value of each voxel is
obtained based on its small neighborhd&dty. 6).
The CV map obtained in this way is smooth. We Akiyama, H., Yamada, T., McGeer, PL., Kawamata, T., Ooy-
could also avoid the selection of pre-defined ROls.  @ma I, Ishii, T., 1993. Columnar arrangement of beta-
. amyloid protein deposits in the cerebral cortex of patients
quever, the Ic_)cal CV is dependent upon the with Alzheimer’s disease. Acta Neuropathologica 85, 400—
neighborhood size. More studies are needed to 403,
gain experience with and understanding of this Alvarez, X.A., Mouzo, R., Pichel, V., Perez, P., Laredo, M.,
new approach. Fernandez-Novoa, E., Corzo, L., Zas, R., Alcaraz, M.,
We also point out that the lack of atrophy Secades, J.J., Lozano, R., Cacabelos, R., 1999. Double-blind
. . placebo-controlled study with citicoline in APOE genotyped
correcyon que to the lack of MR |ma_ges could Alzheimer's disease patients. Effects on cognitive perform-
potentially influence the results. Previous study ance, brain bioelectrical activity and cerebral perfusion.
(Ibanez et al., 1998demonstrated that the regional Methods and Findings in Experimental and Clinical Phar-
metabolic mean is robust to atrophy correction —  macology 21, 633-644.
regions with significant difference between AD American Psychiatric Association, 1994. Diagnostic and Sta-
. tistical Manual of Mental Disorder&@ourth Edition, Amer-
and normal controls are conS|stent before and after ican Psychiatric Press, Washington, D.C.
atrophy correction. However, the influence of atro- andersen, R.A., Essick, G.K., Siegel, R.M., 1987. Neurons of
phy on brain homogeneity has yet to be examined. area 7 activated by both visual stimuli and oculomotor
In conclusion, this study confirms the previous behavior. Experimental Brain Research 67, 316-322.
findings of reductions in metabolism in AD sub- Arendt, T., Bruckner, MK., Gertz, H.J., Marcova, L., 1998.
. . . . Cortical distribution of neurofibrillary tangles in Alzhei-
J(?Cts' which _are most accentuated in posterior mer's disease matches the pattern of neurons that retain
cingulate, parieto-temporal cortex, precuneus and their capacity of plastic remodeling in the adult brain.
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