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Objective: To examine whether each of the 5 Mattis
Dementia Rating Scale (DRS) scores related to mag-
netic resonance imaging~derived -volumes of specific
cortical or limbic brain regions in patients with
Alzheimer disease (AD).

Design: Relations between DRS measures and regional
brain volume measures were tested with bivariate and
multivariate regression analyses.

Setting: The Aging Clinical Research Center of the Stan-
ford (Calif) University Department of Psychiatry and Be-
havioral Science and the Geriatric Psychiatry Rehabili-
tation Unit of the Veterans Affairs Palo Alto Health Care
System, Palo Alto, Calif.

Pationts and Other Participants: Fifty patients with
possible or probable AD. Magnetic resonance imaging data
from 136 healthy control participants, age 20 to 84 years,
were used to correct brain volumes for normal variation
arising from intracranial volume and age.

Main Outcome Measures: The DRS scores and vol-

umes of regional cortical gray matter and of the hippo-
campus.

Results: Memory scores of the patients with AD were
selectively related to hippocampal volumes. Attention
and construction scores were related to several ante-
rior brain volume measures, with attention showing a
significantly greater association to right than left hemi-
sphere measures. Initiation/perseveration scores were
not significantly correlated with any measure of
regional gray matter volume, but performance was
related to prefrontal sulcal widening, with a greater
association with the left than right sulcal volume.

Conclusions: Certain DRS subtests are predictably
correlated with selective regional brain volumes in
AD. The specific relation between memory and hippo-
campal volumes and the nonsignificant relations
between memory and regional cortical volumes sug-
gest a dissociation between cortical and hippocampal
contributions to explicit memory performance.
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EUROIMAGING studies of

Alzheimer disease (AD)

provide in vivo evidence

for enlargement of ven-

tricularand cortical sulcal
volumes'? and complementary deficits in
cortical gray matter volume throughout
much of the brain.># The regional pattern
of brain volume abnormalities in patients
with AD is distinct from that seen in normal
agingand inanother neurodegenerative dis-
order, Parkinson disease,® and the most
marked deficits are in the medial temporal
regions.'>¢3 These neuroradiological find-
ings are consistentwith postmortemevidence
of gray matter atrophy in the hippocampus
and association cortices of AD brains. !¢
Whether the extent of tissue-volume defi-
citsin selective brain regions in AD isrelated
to observable specific cognitive deficits isonly

sparsely established. -2

The Mattis Dementia Rating Scale
(DRS)®B# is widely used in clinical and re-
search settings as a global measure of cog-
nitive functioning in patients with AD. The
DRS is composed of 5 subscales (memory,
initiation/perseveration, attention, concep-
tualization, and construction), each of which
assesses a different cognitive domain, and
a total score, which provides an overall in-
dex of dementia severity. The DRS has
greater sensitivity to longitudinal cogni-
tive decline in AD than either of 2 other
commonly used assessment tools, the
Blessed Information-Memory-Concentra-
tion test and the Mini-Mental State Exami-
nation (MMSE).? The DRS has reasonably
high power to discriminate AD from other
dementing illnesses.’** The indices thought
to best discriminate patients with AD from
healthy older individuals are the memory
and initiation/perseveration subscales.*



METHODS AND PARTICIPANTS

METHODS

Participants in this study included 50 patients with AD recruited
from the Geriatric Psychiatry Rehabilitation Unit and the Na-
tionai Institute of Mental Health Aging Clinical Research Cen-
ter, both located at the Veterans Affairs Palo Alto Health Care
System, Palo Alto, Calif. All patients with AD met the Nauonal
Institute of Neurological and Communicative Diseases and
Stroke-Alzheimer Disease and Related Disorders Association
criteria for probable AD.**? Normal control subjects spanning
the adult age range (20-84 years of age) were used as a refer-
ence group for the MRI volumetric measures. These subjects,
or asubset of them, have formed the norms for other studies
from our laboratory.”*** The normal control group consisted
of 95 men and 41 women for the axial protocol and 84 men
and 28 women for the coronal protocol. Screening for all par-
ticipants included a psychiatric interview and medical exami-
nation. Subjects were excluded if they had a history of psychi-
atric or neurological disorder unrelated to their diagnosis (eg,
stroke, closed head injury), past or present alcohol or drug abuse
or dependence, oraserious medical condition. informeti con-
sent was obtained from all participants or their conservators.
Demographic information for the AD group is as follows:

Characteristic Mean (SD) Range
Age,y 714 (74) §1-87
Education, y 14.7 (3.5) 6-22
Age at onset of symptoms, y 66.0 (8.0) 4983
Premorbid iQ estimate* 105.8 (9.1) 89-122
MMSE score 176 (4.8) 8-28
Vocabulary age-scaled scoret 8.8 (2.6) 2412
* National Adult Reading Test.

t Wechslsr Adutt Intelligence Scale-Revised.

DEMENTIA RATING SCALE

The DRS is composed of 5 subscales: memory (recall and
recognition of verbal and visual stimuli after immediate and
short delays), initiation/perseveration (semantic {supermar-
ket] fluency, motor fluency, and perseveration), attention
{forward and backward digit span, ability to follow commands,
and matching to sample stimuli with distractor), conceptu-
alization (abstraction from verbally and visually presented
stimuli), and construction (copy of geometric figures and
signature writing).

MRI SCANNING AND QUANTIFICATION
Axial Protocol

Acquisition Parameters. Subjects were scanned with 1.5-T
MRI scanners (Signa, General Electric, Milwaukee, Wis).
Image acquisition procedures and parameters have been
described in detail 3> Axial MRI scans were 5 mm thick
(2.5-mm skip) and were acquired in an oblique plane us-
ing a spin-echo sequence (20- and 80-millisecond echoes)
with a 24-cm field of view and a 256X 256 matrix. Acqui-
sition was gated to every other cardiac cycle for an effec-
tive repetition time of more than 2400 milliseconds with
1 excitation for each of 256 phase encodes.

All images were stored on magnetic tape and trans-
ferred to optical disks for analysis. For each subject, the

index slice was identified as the most inferior slice above
the level of the orbits, where the anterior horns of the lat-
eral ventricles could be seen bilaterally. Seven consecu-
tive slices, beginning with the section inferior to the index
slice and proceeding superiorly, were analyzed for each sub-
ject. The index slice or the slice below it was used for quan-
tification of the third ventricle.

Regional Divisions and Segmentation of Images. Each
MRI slice was segmented into cerebrospinal fluid (CSF),
gray matter, and white matter compartmnents, using a semi-
automated image analysis technique.>**” To separate the ce-
rebral hemispheres, a midline was drawn manually on each
slice. Each slice also was divided into an inner 55% region
(to facilitate quantification of central CSF, which arose pri-
marily but not exclusively from the lateral ventricles) and
an outer 45% (to facilitate quantification of the cortical tis-
sue volumes and sulcal CSF).%*

The images were divided according to anatomical land-
marks and a priori geometric rules to achieve standardized
regional divisions of the brain images. The cortical tissue mea-
sure (the outer 45% of each image) was divided into 6 geometri-
cally defined regions of interest. which roughly corresponded
to lobar anatomy. The regrons did not fully encompass the en-
tire volume of the cortical lobes after which they were named
but provided a reliable basis for dividing cortical sections.*
To form these divisions, each MRl slice was divided into 4 re-
gions by 3 coronal planes, which passed through the most an-
terior extreme of the genu of the corpus callosum, the most
posterior extreme of the splenium of the corpus callosum. and
midway between themn. The first plane established 2 bound-
ary for the prefrontal region. From these quadrants and slices,
we devised 6 cortical regions, defined as follows: prefrontal—
the mostanterior quadrant of all 7 slices, which included most
of the prefrontal cortex; frontal—the anterior middle quad-
rant of slices 3 to 7; anterosuperior temporal—the anterior
middle quadrant of slices 1 and 2, which included the antero-
superior temporal gyrus and the most posterior extents of the
frontal lobes at the level of the superior temporal gyrus; pos-
terosuperior temporal-—the posterior middle quadrant of stices
1and 2, which included the posterosuperior temporal gyrus
and a small portion of the anterior extents of the parietal lobes
justabove the superior temporal gyrus; anterior parietal—the
posterior middle quadrant ofslices 3 to 7; and posterior parietal-
occipital-—the most posterior quadrant of slices 3 to 7, which
also included much of the occipital lobes (Figure 1).

Coronal Protocol

A detailed description of the acquisition methods, ana-
tomical borders, and reliability used in our laboratory to
examine the temporal lobes and hippocampus has been re-
ported.’”$! Summaries are presented below.

Acquisition Parameters. With this protocol, 22 contiguous
3-mm-thick coronal images were acquired using a multiecho,
flow-compensated, cardiac-gated pulse sequence (echo time=40
and 80 milliseconds; effective repetition time, 2800 millisec-
onds) witha 24-cm field of view, 1 excitation, and a 256 X 256
matrix. The plane of image acquisition was oriented perpen-
dicular to the anterior commissure—posterior commissure line.
Image acquisition was specifically designed to encompass
temporal-limbic structures, beginning 6 mm anterior to the
anterior commissure and extending 66 mm posteriorly.
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Hippocampal tissue could not be adequately segmented into
gray matter and white matter compartments and, therefore,
its volume reflected total tissue, ie, pixels represented gray mat-
terand white matter. The hippocampus was outlined on each
consecutive slice on each side of the brain and the volumes were
derived by adding the areas of each measured slice.

Regional Divisions and Segmentation of Images. The an-
terior limit of the hippocampal measurement began where hip-
pocampal tissue was clearly distinguished from amygdala, co-
inciding with the appearance of the digitations of Ammon's
horn and consistent with the location of the pes hippocam-
pus. This initial slice usually coincided with the visualization
of ventricular temporal horn CSF over the digitations, Because
the boundary between the subiculum and the amygdala can-
not be distinguished at the medial aspect of the hippocampal
formation at this slice level, a line was drawn from the most
medial point of the subiculum to the most medial aspect of the
temporal horn, thereby excluding amygdala from the measure.
The posterior limit corresponded to the posterior temporal lobe
image. This measure predominantly included portions of the
head and body of the hippocampus, with exclusion of the most
anterior portion of the pes (where it could not be distinguished
from the amygdala) and the most posterior portion of the hip-
pocampus (the ascending tail). The medial hippocampal bound-
ary included the regional outline at the choroidal fissure. The
inferior boundary was formed by, but did notinclude, the white
matter of the parahippocampal gyrus. The fornix was not in-
cluded in posterior slices unless it was inextricably embedded
within the hippocampal structure. In the absence of histologi-
cal confirmation, this measure presumably included hippo-
campal fields CA1 to CA4, the dentate gyrus, and portions of
the subiculum.®

Temporal lobe measurement began anteriorly where
complete temporal lobe stem appeared at the level of or just
caudal to the limen insulae. Because of variability in the gyri
of the posterior temporal region, 3 anatomical landmarks were
used as reference points to define the posterior boundary of
the temporal lobe measure as consistently as possible. In gen-
eral, the most posterior image measured was 1 slice (3 mm)
anterior to the slice, showing the ascending portion of the hip-
pocampal tail, the absence of the vertical fissures of the lateral
sulcus, and the initial appearance of the ventricular trigone,
fornix in the wall of the lateral ventricle, and splenium of the
corpus callosum. These anterior and posterior boundaries ex-
cluded the temporal poles, which were not uniformily present
on this scanning sequence, and the most posterior portion of
the temporal lobes.

The temporal lobe area was delineated from adjacent brain
regions by a line drawn from the most inferior point of the
circular sulcus to the most lateral point of the transverse or
choroidal fissure of the temporal lobe or the most medial bor-
der of the temporal horn at the fimbria, when present. Gyral
outlines defined the lateral boundary. Unless the appearance
of the anatomical landmarks warranted otherwise, the same
number of sections was used for each hemisphere. The tem-
paral lobe gray matter measure used in this study excluded
the hippocampal volume.

Temporal horn measurements were made on all sec-
tions on which the structure was clearly present, beginning
anterior 1o the hippocampus and lateral and inferior to the
amygdala. The posterior limit corresponded to the hippo-
campal and temporal lobe measures. Limbic regions are shown
in Figure 2.

SUBJECT DEMOGRAPHICS

Axial data for 49 and coronal data for 25 of the 50 subjects
with AD were available. One subject had coronal but notaxial
data; otherwise, all subjects with coronal data also had axial
data. Magnetic resonance imaging acquisition and cognitive
testing had to have occurred within 3 months of each other
foraperson to be included in the study. The subjects with AD
who had coronal studies (n=25) did not differ significantly
from those who had only axial studies (n=25) on age at ex-
amination, age of disease onset, National Adult Reading Test
IQ.% orage-scaled Wechsler Adult Intelligence Scale—revised
vocabulary score.* A statistical trend was found for years of
education and MMSE scores (P<.10), with the subjects with
AD who had coronal studies having more years of education
and higher MMSE scores than the subjects with AD who had
only axial studies. Thismodest difference may reflect the greater
difficulty that more severely demented patients had in suc-
cessfully completing the coronal sequence, which required
an additional 30 minutes to acquire. :

All MRI films were reviewed by a neuroradiologist to
eliminate subjects with gross structural lesions (eg, cysts).
which would influence the diagnosis or volumetric analy-
sis. Volume quantification was done blind to diagnosis. To
minimize scoring bias due to knowledge of diagnosis, the
MRIs of the patients with AD were mixed with MRIs of con-
trol subjects and patients with other diagnoses. In addi-
tion, all coronal images were reversed randomly in a left
or right hemisphere orientation to prevent measurement
bias for structures from 1 hemisphere relative to the other.

STATISTICAL ANALYSIS

. The volumes of each region of interest in the patients with

AD were corrected for variation attributable to intracranial
volume (ie, head size) and age, using regression analyses. This
regression approach has been described in detail in previous

_articles.’39143% Briefly, a correction usinga 2-step regression

analysis to adjust for normal variation in head size and age
based on normal control subjects yielded head size-and age-
corrected zscores. All regional brain measures were expressed
as zscores, where the expected mean of the control subjects
atanyagewas0x1SD. This correction methodallows foranaly-
sis of disease-related changes thatare independent of the known
effects of normal aging and head size 5% For the subjects with
AD, these head size- and age-corrected 2 scores provide vol-
ume estimates relative to that which would be expected for
normal control subjects of a particular head size and age. Low
2z scores for tissue measures and high z scores for CSF mea-
sures are in the direction of abnormality.

Relations between DRS measures and regional, bilat-
eral, and lateralized (left and right) brain vojume measures
were examined with Pearson product-moment correla-
tions; approximate P values are provided for descriptive pur-
poses only. Multiple regression models were used to test our
hypotheses and examined whether significant brain vol-
ume correlates independently contributed to the predic-
tion of DRS subscale scores when the contributions of other
relevant brain regions were considered. These analyses were
conducted twice: the first set was based on head size- and
age-corrected z scores; the second set was based on head size~-

- corrected brain volumes and entered age as a separate pre-

dictor in each regression, and thus this analysis did not de-
pend on modeling the effects of normal age on brain volumes
bur accounted for the age of the patients.




Flgure 1. £ach measured magnetic resonance imaging siice was divided into an outer 45%, which represented cortical regions, and an inner 55%, which

included ventricuiar regions. The cortical ares was then divided into 6 regians that ro i

! ; ] ughly cormesponded to fobar anatomy. a indicates lices 1
7:b, ;7tarosuponor temporal, slices 1 to 2. ¢, postsrosuperior temporsd, sfices 1 to 2; d, frontal, slices 3 to 7. s, antsrior paristal, sllccg';f;gngl'f, spiacsersaﬁotra
parigtal-occipital, slices 3 to 7. The voluma of each cortical region was divided Into gray matter (shown In dark grayj, whits matter (light gmy).'and

cerabrospinal fluid (black).

Figurs 2. Comna{ magnetic resonance image of a 42-ysar-old normal, healthy man. Lefl, Outiine of ragions of interest—tampora lobes and hippocampi.
Right, Ssgmentation of the image inta gray matter (dark gray), whits matter (light gray), and cersbrospinal fiuid (black).

The neuroanatomical abnormalities that may medi-
ate impaired performance on the DRS subscales have not
been fully explored. One postmortem study reported that
the DRS memory score was significantly correlated with the
number of neurofibrillary tangles found in several subfields
of the hippocampus.*! In addition to the relation between
memory and hippocampal pathologic lesions, however,
Samuel et al*’ found a number of other relations between
other DRS subscales and neurofibrillary tangle counts of
the subiculum and select regions of the hippocampal for-
mation. Thus, the relation between memory and hippocam-
pal pathologic lesions was not selective in their study.

An in vivo magnetic resonance imaging (MRI) study
found that the DRS total and memory scores correlated sig-
nificantly with volumes of the hippocampal formation but

- not of the amygdala or caudate nucleus in 18 patients with
AD.2 Although Deweer et al’? investigated the selective re-
lations between memory and medial brain structures, they
did notinvestigate the relations betrween memory and cor-
tical regions, some of which, like the hippocampus, are prin-
cipal sites of AD pathology. Stout et al** recently reporied
that cortical gray matter volume deficits and white matter
abnormalities observed with MRI make independent con-
tributions to the prediction of overall dementia severity as
assessed by the DRSand the MMSE. That study alsoshowed
that 2 measure of limbic volume, which included the hip-
pocampus and other medial temporal lobe structures, was
related to memory performance independent of any con-
tribution from nonlimbic cortical or white matter abnor-
malities. In addition, attention scores were related to a glob-
al measure of nonlimbic, cortical gray matter volume and

to white matterabnormalities. The study by Stout et al, how-
ever, neither examined the relations between cortical lo-
bar gray matter volumes and DRS subscale scores nor used
an anatomically defined measure of hippocampal volume,
as was used {n the present study. Thus, it remains unknown
whether memory subscale performance is selectively cor-
related with hippocampal volume loss or whether it is also
related to the significant shrinkage in cortical regions ob-
servablein vivo with MR1,*** and whether performance on
the remaining 4 subscales is selectively related to gray mat-
ter volumes in circumscribed regions. :
Thepresentstudy examined whether each of the 5DRS
subscale scores was predictably related to the MRI-derived
volumes of specific cortical and limbic regions in patients
with AD. Based on findings from human lesion studies, we
tested a number of structure-function hypotheses. We ex-
pected that although overall cortical volumes may be as-
sociated with decline in general cognitive performance, scores
on the memory subscale would be selectively correlated with
hippocampal volumes, beyond the contributions made by
the cortical regions. We examined whether memory scores
wereselectively correlated with temporal horn volume, which
has been used as an indirect index of hippocampal volume
loss. 2 Previously, we observed no relation between hip-
pocampal and temporal horn volumes in healthy subjects,
suggesting that temporal horn enlargement reflects extra-
hippocampal volume loss.”” Thus, we expected that even
if temporal hom volumes wererelated to the memory sub-
scale scores, hippocampal volumes would be uniquely and
significantly associated with the memory scores in patients
with AD, beyond the contribution from the temporal horns.
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For the remaining 4 subscales, we predicted the fol-
lowing: that the initiation/perseveration subscale, with
its emphasis on verbal fluency, would be associated with
left posterior frontal and superior temporal gray matter
volumes***; the attention subscale would be associated
with prefrontal and posterior parietal gray matter vol-
umes, possibly lateralized to the right***S; the concep-
tualization subscale, assessing abstraction abilities, would
be associated with prefrontal gray matter volumes**; and
the construction subscale, because of its emphasis on vi-
suospatial abilities, would be associated with posterior
parietal gray matter volumes, especially of the right hemi-
sphere ¥

— R

DRS PERFORMANCE

The AD group scored below the established cutoff, ac-
cording to published norms,* on 3 of the 5 subscales and
on the total score (Table 1). Almost all of the patients
with AD scored in the impaired range on memory, but
only 20% scored in the impaired range on the attention
or construction subscale. About half of the group was
impaired on the conceptualization subscale and about
two thirds were impaired on the initiation/persever-
ation subscale.

MRI VOLUME ABNORMALITIES

Head size— and age-corrected z scores were used in these
analyses. The volume of each brain region in the AD group
was compared with that of subgroups of the controls who
spanned the same age range as the patients with AD (for
the axial measures, 70 controls, ages 50-81 years; for the
coronal measures, 57 controls, ages 50-81 years). For the
axial measures, the AD group showed the expected volume
deficits in 5 of the 6 cortical gray matter measures in the
following regions: prefrontal, t(117)=2.7, P<.009; frontal,
t(117)=2.9, P<.005; anterosuperior temporal, ¢(117)=3.9,
P<.001; posterosuperior temporal, t(117)=5.2, P<.001;and
anterior parietal, t(117)=2.0, P<<.05. The group difference
between the AD group and controls was not significant for
the measure of posterior parietal-occipital gray matter vol-
ume—t(117)=1.1, P<.30. The AD group had significantly
larger lateral and third ventricular volumes than the con-
trol group: ¢(86.3)=7.3 and ¢(81.9)=5.5, respectively; P<.001
for both. Examination of the coronal and limbic measures
indicated that the AD group showed volume deficits for all
measures—hippocampus: left t(80)=3.8, P<.001 and right
t(80)=3.3, P<.002; temporal lobe: left t(80)=8.1, P<.001
andright t(80)=7.2,P<.001; temporal horn: left £(24.6)=5.0,
P<.0001 and right £(24.6)=7.6, P<.001.

REGIONAL BRAIN VOLUME CORRELATES
OF THE DRS

Correlation coefficients between DRS subscales and re-
gional brain volumes are given in Table 2. Head size—
and age-corrected 2 scores were used in all of the follow-
ing regression analyses.

- ";:] -ﬁ";' B "“;%31:‘5.“"?':31':"1_. R
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As predicted, memory subscale scores showed the stron-
gest bivariate correlations with hippocampal volumes (left,
r=0.61, P<.001; right, r=0.56, P<.01) (Figure 3).
Multiple regression analyses were used to test the in-
dependent contribution of the hippocampus to the memory
score over and above the contribution of several overall
and regional cortical areas believed to be important in the
mediation of memory functions (Table 3). The first set
of analyses examined the relations of the hippocampal and
temporal cortical volumes to the memory score. The in-
cremental proportion of variance accounted for by the left
hippocampal volume to the memory score, after account-
ing for the contribution of the left temporal cortical vol-
ume, was significant (P=.001). A corresponding multiple
regression analysis examining the right hemisphere vol-
umes of the hippocampal and temporal cortical volumes
showed a similar pattern: the incremental proportion of
variance accounted for by the right hippocampus to the

. memoryscore was significant (P=.01) after accounting for

the contribution of the right temporal cortical volume.
Second, a multiple regression analysis examined the
independent contributions of the bilateral hippocampal (ob-
tained from the coronal MRls) and total cortical gray mat-
ter volumes (obtained from the axial MRISs) to the memory
score. The incremental proportion of variance accounted
for by the combined volumes of both hippocampi to the
memory score, after controlling for the contribution of to-
tal cortical gray matter volume, was significant (P=.001).
Last, multiple regression analyses examined the in-
dependent contributions of the hippocampal and tem-
poral horn volumes to the memory score. The left hip-
pocampal volume contributed significantly to the memory
score (P<.003) after accounting for the contribution of
the left temporal horn. A corresponding regression analy-
sis examining the right hemisphere volumes of the hip-
pocampus and temporal horn showed similar findings:
the incremental proportion of variance accounted for by
the right hippocampus to the memory score, after con-
trolling for the contribution of the right temporal horn,

~ was significant (P<.02).

Initiation/Perseveration

The hypothesis that prefrontal gray matter volume would
be significantly correlated with initiation/perseveration
scores was not supported. However, there was a trend
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toward a relation between the initiation/perseveration
score and the bilateral prefrontal CSF sulcal volume
(r=—0.34; P<.02) (Figure 4). To assess laterality of func-
tion, a multiple regression analysis was conducted us-
ing the left and right prefrontal CSF sulcal volume mea-
sures as independent variables. Results indicated that the

. left prefrontal CSF sulcal volume independently contrib-
uted to the initiation/perseveration score after account-
ing for the contribution of the right prefrontal CSF sul-
cal volume (P<.003), but that the contribution of the right
prefrontal CSF sulcal volume, after accounting for the
contribution of the left prefrontal CSF sulcal volume, did
not reach significance (P<.10).

Attention

Attention subscale scores were significantly correlated
with the bilateral volumes of the lateral ventricies
(r=—0.41; P<.004), while a trend toward a relation was
found between attention scores and the bilateral vol-
umes of posterosuperior temporal gray matter (r=0.34;
P<.02) (Figure 8). As Figure 5 shows, 1 subject scored

substantially below the rest of the group on the atten-
tion subscale. When this subject was excluded from the
correlational analyses, slightly stronger relations emerged
between attention score and reported regional brain ar-
eas (lateral ventricles, r=—0.45, P<.002; posterosupe-
rior temporal, r=0.36, P<.02). ’

Examination of lateralized brain volumes showed
significant correlations between attention scores and right
anterosuperior temporal (r=0.37; P<.01) and right pos-
terosuperior temporal (r=0.41; P<.004) gray matter vol-
umes. The attention score was also significantly corre-
lated with right lateral ventricle volume (r=—0.47;
P<.001), with a trend found with left lateral ventricle
volume (r=—0.33; P<.02). Multiple regression analy-
ses indicated that these right hemisphere regions (an-
terosuperior temporal, posterosuperior temporal, and lat-
eral ventricles) contributed independently to the attention
score after controlling for the contribution of the corre-
sponding left hemisphere region (anterosuperior tem-
poral: right, P=.002; left, P=.07; posterosuperior tempo-
ral: right, P=.006; left, P=.47; lateral ventricles: right,
P=.01; left, P=.46).
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Flgure 3. Higher memory scores were significantly associated with larger
hippocampal volumes. Muitiple regression analyses disclosed selective
reiations between mermory scores and lett and right hippocampal volumes
but not other glabal or regional cortical gray mattsr volumes,

Conceptualization

Conceptualization subscale scores were not significantly
correlated with any regional brain volume measure.

Construction

Construction subscale scores were significantly corre-
lated with bilateral volumes of anterosuperior temporal
(r=0.38; P<.01) and posterosuperior temporal (#=0.38;
P<.01) gray matter, with a statistical trend found for lat-
eral ventricle (r=—0.36; P<.02) volume (Figure 6). Ex-
amination of lateralized brain volume measures indicated
significant correlations between construction score and right
hemisphere volumes of anterosuperior temporal (r=0.47;
P<.001), posterosuperior temporal (r=0.36; P<.01) gray
matter and right lateral ventricle volume (r=—0.40;
P<.005). Because of the restricted range of this subscale
measure, Spearman correlations were conducted to con-
firm these correlations. These analyses yielded similar re-
sults, with the exception that the correlations between the
construction score and bilateral (p=0.27; P<.06) and right
(p=0.29; P<.05) posterosuperior temporal volume be-
came only marginally significant.

A multiple regression analysis indicated that the right
anterosuperior temporal volume uniquely contributed to
the construction score after accounting for the contribu-
tion of the left anterosuperior temporal volume (P<.002),
but that the contribution of the left anterosuperior tem-
poral volume, after controlling for the contribution of the
right anterosuperior temporal volume, did not reach sig-
nificance (P=.22). Multiple regression analysis examin-
ing the unique contribution of the left and right postero-
superior temporal regions indicated that neither the left

Table.3. W&HMM Rating,
Regienal Brain Volumes: . /3 s g

Right hippocampus

Right temporal cortex
Total cortical gray mattar-
Lett hippocampus
Left femporal hom ‘
" Right hippocampus <% 020
=+~ Right temporal-hom <~ 0.00
inktiation/Perseveration™: s L
Left prefrontal cersbrospinal flisid. 0.18
Right prefrontal. cerebrospinal fluld: ...0os
Attention 5, B Ty e
Left anterosuperior temporal. ~ ~0.35 0.06
" Right mmsupoﬁorggwat 0.62% 0.19
Lett posterosuperior tamporal 018 ., 001
Right postarosuperior temporal 0504 0.15
Lot lateral ventricle 5% 0.01
Right lateral ventricle - 0.12
Construction .. g ik
Left anterosuperior temporal. .., 0.03
Right anterosuperior temporal 0.20
Left posterosuperior temporal 0.01
Right posterosuporiqr tsmporal 0.05
. Lsft lateral ventricle g 0.00
Rigit tateral ventricle: 0.07
*P<.001.
tP<.05,
1P<.01.

nor the right posterosuperior temporal volume contrib-
uted significantly to the construction score after the con-
tribution of the other was accounted for (posterosupe-
tior temporal: left, P=.49; right, P=.11). A third regression
examined the unique contribution of the left and right lat-
eral ventricles to the construction score, with the volume
of the right lateral ventricle approaching significance
(P=.05) as a unique predictor to the construction score,
but the contribution of the left lateral ventricle to the con-
struction score, after accounting for the contribution of
the right lateral ventricle, was not significant (P=.69).

Total Score

The DRS total score, which reflects overall dementia se-

" verity, was significantly correlated with left hippocam-

pal (r=0.52; P<.01) and right posterosuperior temporal
gray matter (r=0.39; P<.01) volumes.

Multiple regression analyses based on head size—
corrected MRI scores and using age as a separate predic-
tor yielded the same pattern of results as those reported
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Figure 6. c_onstmqtian scores wers significantly correlated with antsrosuperior temparal and posterosuperior temporal volumes; higher construction scores
were associated with more gray matter in these regions. A trend toward 3 negative refation was found between construction scores and lateral ventricle
volume; lower construction scores were associated with larger lateral ventriclss.

above, which were based on head size~ and age-
corrected 2 scores.

— N

These results show that selective subscales of the DRS are
sensitive to the specific cognitive and regional brain vol-
ume deficits observed in AD. Although several structural
neuroimaging studies have documented the association be-
tween overall dementia severity and general measures of
cortical atrophy in AD,57° this study provides evidence for
associations between specific cognitive deficits and specific
"brain regions. Despite widespread loss of brain tissue vol-
ume, the performance of patients with AD on several DRS
subscales was selectively and predictably related to regional
brain volume measures quantified with MRL Specifically,
memory performance was related to hippocampal but not
total or regional cortical gray matter volumes. Attention per-
formance was related to temporal lobe gray matter and lat-
eral ventricle volumes of the right hemisphere, but construc-
tion performance was related to these same brain regions
in both hemispheres. Although regional gray matter vol-
umes were not significantly correlated with the initiation/
perseveration or conceptualization subscale scores, sulcal
dilation in the prefrontal region was related to initiation/
perseveration scores, with a greater association to the left
than right prefrontal sulcal CSF volume. Stout et al* ob-

served an independent contribution to DRS performance
from presence of abnormal white matter intensities beyond
the gray matter contribution; however, the present study
did not quantify white matter signal hyperintensities.

CORRELATES OF
MEMORY PERFORMANCE

This study provides further evidence of the importance
ot hippocampal integrity to memory functioning in
AD.'* Our findings extend the observations of Deweer
et al,* who reported a relation between hippocampal for-
mation and memory in patients with AD, because we ex-
amined overall and regional cortical contributions and
hippocampal contribution to memory performance. The
selective relation between memory and hippocampal vol-
umes found in the present study, with the nonsignifi-
cant relations between memory and regional cortical vol-
umes suggests a dissociation between cortical and
hippocampal functions as they contribute to explicit
memory performance in AD. Our results are consistent
with the observations of Stout et al,* who found a rela-
tion between limbic gray matter volume and DRS memory
performance, and confirm this association using an ana-
tomically defined measure of hippecampal volumes. Thus,
explicit memory functioning in AD seems to be more re-
lated to reduction of hippocampal region volume than
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to general or specific reduction-of regional cortical gray
matter, which itself was quite striking,

Hippocampal volume was a significant indepen-
dent predictor of the memory subscale score, but tem-
poral horn volume was not. Although it is tempting to
assume that the change in the hippocampus and adja-
cent temporal horn are directly associated, other extra-
hippocampal volume loss (specifically the amygdala and
temporal lobe) may play a role in temporal horn enlarge-
ment.* Thus, conclusions based on brain-behavior rela-
tions using temporal horn volume cannot necessarily be
generalized to reflect hippocampal integrity.”

CORRELATES OF NONMNEMONIC
PERFORMANCE

The relations between attention subscale performance and
the right superior temporal gray matter and lateral ven-
tricle volumes are consistent with previous findings im-
plicating the right hemisphere in attentional demands.*
Although this study was not designed to address specific
attentional component processes, it provides evidence that
directed attention necessary for successful task comple-
tion may depend preferentially on the integrity of the right,
not the left hemisphere.

The hypothesis that verbal fluency performance and
associated items (initiation/perseveration subscale) would
be related to prefrontal gray matter volume was not di-
rectly supported. Performance on this subscale was, how-
ever, significantly related to prefrontal sulcal CSF vol-
ume, with a greater association with left than right
hemisphere volume. One speculation is that sulcal vol-
ume enlargement may precede gray matter volume shrink-
age, and, if so, a stronger relation between the behav-
ioral tasks and prefrontal gray matter volume may be
detected as the disease progresses. The prediction of lat-
eralized findings (left more than right involvement) was
supported and may be attributed primarily to the large
contribution of the fluency item (20 of the possible 37
points) to the total initiation/perseveration score.

" The interpretation of the structure-function rela-
tions based on construction performance requires cau-
tion because of the restricted range of scores on this sub-
scale. Although the results of this study suggest that the
right anterosuperior temporal and lateral ventricle re-
gions are important in the mediation of the visuospatial
abilities necessary to successfully copy geometric fig-
ures, further study with measures providing greater vari-
ability is needed to confirm this interpretation.

In conclusion, these results are consistent with other
studies?*? reporting severely impaired DRS memory per-
formance in AD. It has been suggested that brain-
behavior relations between memory performance and spe-
cific limbic regions would be difficult to document because
patients with AD are severely impaired on memory tasks
(ie, floor effect) and the volume deficits associated with
the medial temporal region are marked.>> However, the
present study showed that the DRS memory subscale af-
fords the variability in performance necessary to exam-
ine brain-behavior relations, at least in moderately de-
mented patients with AD. Most striking was the relation
observed between memory performance and regional hip-

pocampal volume reduction. These results highlight the
sensitivity of the DRS to selective cognitive processes and
to the integrity of their underlying anatomical struc-
tures in AD.
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