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Diffusion and Perfusion MR Imaging in Cases of
Alzheimer’s Disease: Correlations with Cortical Atrophy

and Lesion Load

Alessandro Bozzao, Roberto Floris, Maria Elena Baviera, Alessio Apruzzese, and Giovanni Simonetti

BACKGROUND AND PURPOSE: Perfusion and diffusion-weighted MR imaging are pow-
erful new imaging techniques for evaluating tissue pathophysiology in association with many
neurologic disorders, such as neurodegenerative diseases. The purpose of our study was to
evaluate the sensitivity and specificity of dynamic susceptibility contrast-enhanced MR imaging
and diffusion-weighted MR imaging in cases of Alzheimer’s disease and to assess the role of
atrophy in the quantification of cortical perfusion.

METHODS: Thirty-nine participants were studied: 18 patients with moderate cognitive im-
pairment with probable Alzheimer’s disease, 16 patients with mild impairment with possible
or probable Alzheimer’s disease, and 15 group-matched elderly healthy comparison volunteers.
Relative values of temporoparietal, sensorimotor, and hippocampal regional cerebral blood
volume (rCBV) were measured as a percentage of cerebellar rCBV, and group classification
was assessed with logistic regression. Brain atrophy was used as a covariate to assess its role
in rCBV quantification. Regions of interest placed on orientation-independent apparent dif-
fusion coefficient maps allowed the calculation of apparent diffusion coefficient values and
relative anisotropic indices of the head of the caudate nuclei, thalamus, parietal, frontal, and
hippocampal cortices bilaterally, genu and splenium of corpus callosum, and anterior and
posterior white matter in patients with Alzheimer’s disease and in control volunteers.

RESULTS: Temporoparietal rCBV ratios were reduced bilaterally in the patients with Al-
zheimer’s disease. Sensitivity was 91% in moderately affected patients with Alzheimer’s disease
and 90% in patients with mild cases. Specificity was 87% in healthy comparison volunteers.
Lower values of sensitivity and specificity were obtained for sensorimotor (73%, 50%, and 67%,
respectively) and hippocampal cortices (80%, 80%, and 65%, respectively). Using brain atrophy
as a covariate, patients with Alzheimer’s disease still showed a statistically significant reduction
of rCBV compared with control volunteers. Diffusion-weighted MR imaging analysis only showed
a trend, with no statistic significance, of reduction of anisotropy in posterior white matter.

CONCLUSION: Dynamic susceptibility contrast-enhanced MR imaging of rCBV may be an
alternative to nuclear medicine imaging for the evaluation of patients with Alzheimer’s disease.
When brain atrophy is used as a covariate, differences in rCBV still persist between patients
with Alzheimer’s disease and control volunteers, suggesting that perfusion impairment is un-
related to atrophy. No significant results for either white or gray matter were obtained using
diffusion-weighted MR imaging.

Alzheimer’s disease is the most common cause of
dementia. Alzheimer’s disease is a neurodegenera-
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tive disorder that results in progressive memory
loss and cognitive decline. Functional neuroimag-
ing has been reported to be useful for the clinical
assessment of cases with possible or probable Al-
zheimer’s disease. Reduction in temporoparietal
metabolism or blood flow has been found by using
positron emission tomography (1–3) and single
photon emission CT (4–7). More recently, perfu-
sion MR imaging was successfully used to differ-
entiate patients with possible or probable Alzhei-
mer’s disease (8). Reduced perfusion (regional
cerebral blood volume [rCBV]) was found in the



AJNR: 22, June/July 2001 ALZHEIMER’S DISEASE 1031

TABLE 1: Demographic information of subject groups

Probable AD
(MMSE # 23)

Po/Pr AD
(MMSE $ 24)

Control
Subject

Patient No.
Age (y)
Sex (M/F)
MMSE

18
68 6 3

9/9
17.1 6 3.1

16
66 6 4.1

7/9
27.2 6 2.2

15
67 6 5.2

6/9
29.4 6 1.2

Note.—MMSE indicates Mini-Mental State Examination score; AD,
Alzheimer’s disease; Po/Pr AD, possible or probable Alzheimer’s dis-
ease with mild cognitive decline (MMSE score $ 24).

temporoparietal and sensorimotor cortices of pa-
tients with Alzheimer’s disease compared with age-
matched control volunteers. As with most function-
al brain imaging studies, the contribution of
atrophy in measurements of brain perfusion was
not considered. Diffusion imaging, based on ther-
mal molecular movement, provides qualitative and
quantitative parameters that are highly sensitive to
the microstructural and pathophysiological alter-
ations occurring in association with specific path-
ologic conditions. Sandson et al (9) reported di-
minished anisotropy in the posterior white matter
and increased apparent diffusion coefficient (ADC)
values in the hippocampi of patients with Alzhei-
mer’s disease when compared with a control group.
This second observation was not confirmed by oth-
er authors (10).

In the present study, we used dynamic suscep-
tibility contrast (DSC) MR imaging to show the
presence of specific cortical hemodynamic deficits
in patients with probable and possible or probable
early Alzheimer’s disease, comparing these groups
with elderly healthy volunteers. The sensitivity and
specificity of DSC MR imaging to distinguish pa-
tients with Alzheimer’s disease from control vol-
unteers was assessed. Brain atrophy was estimated
for the same purpose and was used as a covariate
to perfusion imaging data to account for any atro-
phy-related effect. Diffusivity and anisotropy of
brain cortex, deep gray matter nuclei, and white
matter were assessed to establish their role in dis-
criminating patients from control volunteers.

Methods

Patient Selection

A group of 34 consecutive patients was prospectively re-
cruited among the outpatients referred to the geriatric division
of our hospital on the basis of cognitive and behavioral tests.
The diagnosis of patients with probable or possible Alzhei-
mer’s disease was performed on the basis of criteria put forth
by The National Institute of Neurological and Communicative
Disorders and Stroke and the Alzheimer’s Disease and Related
Disorders Associations. On the basis of the Mini-Mental State
Examination (MMSE) scores, patients were divided into two
groups. The first group consisted of 18 patients (nine men and
nine women; mean age, 68 years) with a diagnosis of probable
Alzheimer’s disease with moderate impairment revealed by the
MMSE, with a score of #23 (of a possible 30). The second
group included 16 patients (seven men and nine women; mean
age, 66 years) with a diagnosis of probable/possible Alzhei-

mer’s disease with mild impairment revealed by the MMSE,
with a score of $24). A group of 15 volunteers (six men and
nine women; mean age, 67 years), age-matched with the en-
rolled patients, was also recruited as a control group. All con-
trol participants were screened by medical history and physical
examination. The exclusion criterion for control volunteers was
any history of major psychiatric or CNS illness. The exclusion
criteria for all groups included history of severe head injury,
use of or dependency on illegal drugs, current alcohol abuse,
cardiovascular risk factors, hypertension, smoking, diabetes
mellitus, or loss of 25% of body weight during the last 12
months.

The groups did not differ significantly in age (one-way anal-
ysis of variance; F 5 1.03, P 5 .212) or sex (x2 5 1.1, df 5
1, P 5 .298). Table 1 summarizes number, age, sex, and mean
MMSE. After providing a complete description of the study,
written informed consent was obtained; if a patient was not
competent, consent was obtained from a spouse or guardian.

Image Acquisition

Conventional MR Images.—A 1.5-T MR imager with a gra-
dient strength of 23 mT/m, a rise time of 0.2 ms, and sinu-
soidal gradient profile and echo-planar capabilities was used to
perform all examinations. A circularly polarized head coil with
quadrature was also used. Turbo spin-echo T2-weighted and
proton density images (2000/8.8, 110 [TR/TE]; echo train
length, 16), fluid-attenuated inversion recovery images (6000/
150; inversion time, 2000 ms; turbo factor, 21), and spin-echo
T1-weighted images (560/14; flip angle, 90 degrees) were ac-
quired in orthogonal planes. No sedation or anesthesia was
used in any of our patients. Two patients could not undergo
the complete diagnostic protocol and were excluded from fur-
ther analysis.

DSC Images.—A T2*-weighted echo-planar sequence (18/
26; section thickness, 3.5 mm; flip angle, 8 degrees; matrix,
128 3 64; dynamic series, 40; number of signals acquired, 1;
imaging time, 1 min 22 s) was used to obtain DSC images
along the anteroposterior commissural plane. A dose of 0.4
mmol/kg of gadolinium-diethylenetriamine pentaacetic acid
was injected via an antecubital vein, using a power injector at
the rate of 5 mL/s. The bolus perfusion data were processed,
converted into parameter maps for rCBV, and analyzed as pre-
viously described (11).

Diffusion-weighted Images.—We used a single-shot axial
spin-echo diffusion-weighted pulse sequence with the follow-
ing parameters: 3682/114; section thickness, 6 mm; section
gap, 1 mm; field of view, 230 mm; flip angle, 90 degrees;
matrix, 128 3 256; echo-planar imaging factor, 63; acquisition
time, 22.1 s; bmin, 0 mm2/s; bmax, 800 mm2/s; number of gra-
dient directions, 3; number of signals acquired, 1; half imaging
factor, 0.730.

Image Analysis

Perfusion Images.—Regions of interest were drawn on
rCBV maps. The cortex was delineated as a ring extending
from the outer edge of the brain inward and was divided into
five equiangular regions per hemisphere, as proposed by Harris
et al (8). Analyses were performed on the images passing 10
mm superior to the anteroposterior commissural plane for tem-
poroparietal cortex and 10 mm above that for sensorimotor
cortex (posterior frontal and anteroparietal region). Circular re-
gions of interest (50 pixels) were placed manually on the hip-
pocampus on the section passing 30 mm below the anteropos-
terior commissural plane. Ratios of index regional mean value
to cerebellum were analyzed as measures of relative rCBV. The
cerebellum was chosen as a reference region because it is less
affected than the cortex in cases of Alzheimer’s disease (12).
Pixels with signal intensity more than 2 SD above the brain
mean value, probably representing blood vessels, were exclud-
ed from all regional analyses.
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TABLE 2: rCBV values (normalized to cerebellum) in the TP and SM regions

MMSE # 23 MMSE $ 24 Control Subject P t

Right TP
Left TP
Right SM
Left SM

76.3 6 14.2
78.8 6 16.6
77.7 6 17.24

80 6 14.3

98.2 6 20.3
99.7 6 25.8

97.68 6 21.7
95.74 6 19

111.9 6 15
119.8 6 20.2
102.0 6 19.1
111.1 6 13.9

,.0001
,.0001
,.0004
,.0001

7.00
6.33
3.72
6.37

Note.—MMSE indicates Mini-Mental State Examination score; TP, temporoparietal cortex; SM, sensory-motor cortex. Coefficient P values are
computed using t Student distribution.

TABLE 3: rCBV values (normalized to cerebellum) in right and left hippocampi

MMSE # 23 MMSE $ 24 Control Subject P t

Right hippocampus
Left hippocampus

41.7 6 15.5
42.5 6 17

49.1 6 16
47.2 6 13.6

70.3 6 31.2
79.9 6 29.2

0.009
0.0012

2.6
3.5

Note.—Coefficient P values are computed using t Student distribution.

Diffusion-weighted Imaging.—Orientation-independent ADC
maps were electronically generated after image acquisition. Regions
of interest (50 pixels) were drawn on the ADC maps within lateral
ventricles, the head of the caudate nuclei, thalamus, parietal
and frontal cortices bilaterally, genu and splenium of corpus
callosum, and, bilaterally, on anterior and posterior white mat-
ter, avoiding areas of signal hyperintensity presented on pre-
viously acquired T2-weighted images. Anterior white matter
regions of interest were drawn at one-third the distance be-
tween the frontal horn of the lateral ventricle and frontal cor-
tex. Posterior white matter regions of interest were drawn at
one-third the distance between the trigone of the lateral ven-
tricle and parietal cortex. An anisotropy index value of anterior
and posterior white matter was calculated as the ratio of the
ADC values on the orthogonal planes (y, perpendicular to the
predominant fibers direction; z, parallel to the predominant fi-
bers direction) (y/z). The anisotropy index of the splenium and
genu of the corpus callosum was calculated using the ratio of
the ADC values on the orthogonal planes y and z (z/y). Being
isotropic, the regions of interest in the gray matter and CSF
were considered as absolute values.

Fluid-attenuated Inversion Recovery Images.—Semiauto-
matic segmentation analysis was used to evaluate fluid-atten-
uated inversion recovery images. To measure the volume of
both hemispheres, each surface of the sections above the bi-
commissural plane was multiplied for the section thickness.

Brain volume assessed as noted was related to the volume
of the head. This was calculated using the formula of the semi-
ellipsoid (v 5 2/3pabc), where a and b represent the major
diameters of the head at the level of the anteroposterior com-
missural plane and c represents the height of the head (distance
from the anteroposterior commissural plane to the head ver-
tex). The ratio between head and brain volumes was thus con-
sidered for further evaluation as a brain atrophy index, with
the smaller values relating to more severe atrophy. The brain
atrophy index was used to distinguish patients with Alzhei-
mer’s disease from control volunteers and as a covariate to
perfusion data to account for any atrophy-related effect.

The segmentation technique was also used to measure the
volume of the hyperintense lesions (lesion load) found in the
supratentorial white matter of each hemisphere. This was ex-
pressed as percentage of cerebral volume (lesion load/brain
volume).

Statistical Analysis

Logistic regression was used between healthy comparison
volunteers and each of the two patient groups to determine the
sensitivity for correctly classifying patients with possible or
probable Alzheimer’s disease and to determine the specificity

of distinguishing both the healthy comparison volunteers from
patients with Alzheimer’s disease. Perfusion data were com-
pared between groups by analysis of variance, with the brain
atrophy index as a covariate to account for any atrophy-related
effect. Perfusion data were also correlated to lesion load.

Results
In the patients with a diagnosis of probable Al-

zheimer’s disease with moderate impairment re-
vealed by the MMSE (score #23), we observed a
statistically significant bilateral reduction of rCBV
in the temporoparietal regions (P 5 .0001), where-
as in sensorimotor areas, the reduction was slightly
less significant (P 5 .0001 for left and .0004 for
right) (Table 2).

A logistic regression test was applied to both pa-
tient groups and the control group to determine the
ability of this technique to differentiate the patients
on the basis of rCBV values. The use of this sta-
tistical approach allowed a correct group classifi-
cation of 91% for moderately affected patients and
90% for mildly affected patients. Specificity to cor-
rectly classify the control volunteers was less sat-
isfactory, at 87%. Logistic regression analysis of
rCBV ratios in sensorimotor cortex provided poor
group classification. Sensitivity in moderately af-
fected patients was 73%, and sensitivity in mildly
affected patients was 50%. Specificity for control
volunteers was 67%.

The analysis of data concerning perfusion of hip-
pocampus showed a significant difference between
the groups of patients with probable/possible and
probable Alzheimer’s disease and the group of con-
trol volunteers (Table 3). Such difference was more
evident when the left hippocampus was considered
(P 5 .0012). Logistic regression analysis allowed
a correct group classification of 80% for both mod-
erately and mildly affected patients. Specificity to
correctly classify the control volunteers was less
satisfactory at 65%.

The results of diffusion ADC maps are summa-
rized in Table 4. We have not found any statistically
significant group difference in regions of interest
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TABLE 4: Region-of-interest values on ADC trace maps for parietal, frontal cortex, hippocampi, head of caudate nuclei, thalami, anterior
and posterior white matter and genu and splenium of corpus callosum

MMSE # 23 MMSE $ 24
Healthy

Control Subject P t

R parietal cortex
L parietal cortex
R frontal cortex
L frontal cortex
L hippocampal
R hippocampal
R head of caudate
L head of caudate
R Thalamus
L Thalamus

58.68 6 8.83
52.06 6 6.7
48.87 6 1.85
50.33 6 3.48
43.85 6 4.8
42.93 6 8.84
36.96 6 2.38
38.96 6 2.59
39.74 6 1.45
40.83 6 2.52

45 6 3.79
43.45 6 5.7
46.85 6 7.03
48.19 6 3.27
48.18 6 5.64
49.15 6 4.57
39.17 6 3.98
40.42 6 3.77
38.35 6 2.62
40.07 6 3.41

62.7 6 18.8
64.68 6 18.9
62.45 6 21.13
61.08 6 21.9
50.15 6 9.12

47.5 6 8.72
39.93 6 3.43
40.29 6 3.87
41.31 6 2.2
39.28 6 3.25

0.16
0.15
0.143
0.192
0.15
0.217
0.075
0.48
0.109
0.21

1.08
1.134
1.28
1.16
1
0.82
1.59
0.05
1.33
0.84

R anterior white matter
L anterior white matter
R posterior white matter
L posterior white matter
Genu of corpus callosum
Splenium of corpus callosum

1.054 6 0.238
1.088 6 0.356
1.104 6 0.207
1.004 6 0.267
0.388 6 0.19
0.302 6 0.137

1.26 6 0.245
1.422 6 0.254
1.318 6 0.308
1.348 6 0.337
0.314 6 0.117
0.282 6 0.144

1.26 6 0.278
1.188 6 0.234
0.892 6 0.207
1.174 6 0.269

0.31 6 0.077
0.41 6 0.223

0.12
0.307
0.072
0.172
0.215
0.19

1.232
0.524
1.62
1.004
0.83
0.92

Note.—Coefficient P values are computed using t Student distribution.

TABLE 5: Brain-to-atrophy index (calculated as the ratio between
skull volume and supratentorial brain volume) in AD patients and
control subjects

AD
Patients

Control
Subjects P t

Brain/atrophy
index 0.711 6 0.072 0.945 6 0.055 ,.0001 5.56

sampled within frontal and parietal cortices, which
showed slightly higher ADC values in healthy vol-
unteers. Regions of interest sampled within the hip-
pocampus did not provide any statistically signifi-
cant group difference, neither for the right
hippocampus (P 5 .217) nor for the left (P 5 .15).
No statistically significant group differences were
found in the head of caudate nuclei and thalami
bilaterally. Calculation of the anisotropy index of
posterior and anterior white matter did not provide
any remarkable information or help in correct
group classification of the participants. A higher
anisotropy index (decreased anisotropy) was found
only within the right posterior white matter (P 5
.072) of patients with moderate impairment in com-
parison with healthy volunteers. Measurements of
anisotropy index within the genu (P 5 .215) and
splenium (P 5 .19) of corpus callosum did not dis-
close any significant group difference. Measure-
ments of atrophy, both for the whole brain and tem-
poroparietal and sensorimotor cortices (Table 5),
provided a remarkable group difference (P 5
.0001, t 5 5.56).

To assess the possible role of atrophy in the re-
duction of rCBV in temporoparietal and sensori-
motor regions of patients with Alzheimer’s disease,
we used brain atrophy index values as a covariate
to account for any atrophy-related effect. Although
the statistical significance was slightly inferior, the

normalized rCBV values still allowed group differ-
entiation between patients with Alzheimer’s disease
and control volunteers (P 5 .0002 for right tem-
poroparietal cortex, P 5 .00039 for left temporo-
parietal cortex, P 5 .0016 for right sensorimotor
cortex, P 5 .00078 for left sensorimotor cortex)
(Table 6).

Among control volunteers, a 2% lesion load was
found. In patients with probable/possible Alzhei-
mer’s disease (MMSE scores, 24–27), the mean le-
sion load was 0.035%. In those with probable Al-
zheimer’s disease (MMSE scores, 7–23), the mean
lesion load was 0.9%. We correlated perfusion data
to the lesion load. The rCBV values assessed in
patients with Alzheimer’s disease and in control
volunteers were shown to be independent of lesion
load (P 5 .56).

Discussion
Generalized atrophy and microscopic alterations

that consist of ‘‘senile’’ plaques and neurofibrillary
tangles represent neuropathologic features in cases
of Alzheimer’s disease. The most severe neuro-
pathologic manifestations occur in the posterior
temporal and inferior parietal lobes and limbic
structures. Primary motor and sensory areas are rel-
atively spared (13–16). Individual neuronal groups
show selective susceptibility for degeneration. Spe-
cifically, the hippocampal formation is consistently
and heavily involved in the pathology of Alzhei-
mer’s disease; subsequently focal symmetric or
asymmetric enlargement of the temporal horn is
frequently observed in association with Alzhei-
mer’s disease. Neuroimaging and gross pathology
show diffuse cerebral atrophy, histologically attri-
buted to neuronal loss. The decrease in global ce-
rebral volume, measured by means of a registration
and subtraction method of serial MR images, was
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TABLE 6: rCBV values (with BAI as a covariate) in right and left TP and SM cortex

MMSE # 23 MMSE $ 24
Healthy Control

Subject P F

R temporoparietal
L temporoparietal
R sensorimotor
L sensorimotor

75.86 6 14.55
75.96 6 12.1
76.92 6 19.51
76.28 6 15.5

98.2 6 20.3
99.7 6 25.8

97.68 6 21.7
95.74 6 19

114.7 6 15.13
120.6 6 20

112 6 15.6
116 6 13.6

.00022

.000392

.0016

.00078

21.81
19.35
14.01
16.67

Note.—F test of analysis of covariance with BAI as covariate and Scheffe ´ post-hoc analysis.

found to correlate with MMSE score changes over
time (17). MR imaging and CT studies have re-
vealed white matter lesions in patients with Al-
zheimer’s disease to be more common than in el-
derly control volunteers. The hyperintensities on
long-TR images in cases of Alzheimer’s disease
have been found to be of intermediate severity, be-
tween the findings in normal elderly patients and
those with vascular dementia. For this reason, pa-
tients with dementia and prominent subcortical le-
sions and periventricular hyperintensity (as well as
basal ganglion and cortical infarct) are more likely
to have vascular dementia rather than Alzheimer’s
disease (18, 19). No correlation was found between
the severity of white matter lesions and the severity
of dementia (19).

Until recently, hemodynamic and metabolic pa-
rameters affecting the brain in cases of neurode-
generative diseases were imaged primarily using
single photon emission CT and positron emission
tomography. Previous positron emission tomogra-
phy and single photon emission CT studies have
shown a significant reduction of perfusion param-
eters in sensorimotor and temporoparietal cortices
in patients with Alzheimer’s disease and a reduced
glucose metabolism, especially within the tempo-
roparietal cortex (20, 21). Recently, Harris et al (8)
documented that DSC MR imaging is capable of
detecting hemodynamic deficits with high sensitiv-
ity and specificity in patients with Alzheimer’s dis-
ease. Severe deficits in temporoparietal hemody-
namic parameters were shown in patients with
Alzheimer’s disease compared with matched elder-
ly volunteers, with excellent group discrimination,
even in patients with mild cognitive decline. Anal-
ysis of our data relative to temporoparietal cortex
showed results with high statistical significance (P
, .0001) in differentiating moderately affected pa-
tients with Alzheimer’s disease from elderly control
volunteers, with a specificity of 90%. In sensori-
motor regions, the specificity of hemodynamic im-
pairment was high, but not as high as in temporo-
parietal regions (87%). These results are similar to
those reported by Harris et al (8). Sampling of
rCBV of the hippocampus revealed a significant re-
duction of this value in patients with Alzheimer’s
disease compared with age-matched healthy vol-
unteers as well. Although the statistical significance
was lower than temporoparietal and sensorimotor
cortex evaluation, both mild and moderately af-
fected patients showed significant hypoperfusion

within the hippocampi compared with control
volunteers.

The significant reduction of rCBV in temporo-
parietal and sensorimotor cortex could be related to
cortical atrophy. It is a logical suspicion that the
reduction of rCBV results in a reduction of cerebral
tissue and not only in a fall in blood demand. Many
MR imaging studies have found an increase of CSF
and a reduction of cerebral volume in patients with
Alzheimer’s disease in comparison with healthy
volunteers, particularly if hippocampus is consid-
ered (23–25). Rusinek et al (26) reported a signif-
icant reduction of gray matter in affected patients
in comparison with age-matched control volun-
teers, especially in the temporal lobes and basal
ganglia; less prominent variations were evident in
the frontal and occipital cortices, while CSF vol-
ume was increased. More recently, Tanabe et al
(27), using a semiautomatic segmentation of MR
images of the brains of patients with Alzheimer’s
disease, showed significant brain atrophy to be at-
tributable to loss of cortical gray matter. Brain at-
rophy was confirmed to be a characteristic feature
of Alzheimer’s disease in our study as well. A high-
ly statistically significant correlation was found for
atrophy between patients and elderly volunteers (P
# .0001). To understand the role of atrophy in the
quantification of cortical rCBV, we correlated per-
fusion data with brain atrophy. Based on the as-
sumption presented by Tanabe et al that in Alzhei-
mer’s disease, brain atrophy is mostly related to
cortical atrophy, we used brain atrophy as a cov-
ariate to rCBV. Using this correction, we found that
in patients with Alzheimer’s disease (both with
MMSE scores #23 and with MMSE scores $24),
there still is a significant reduction of rCBV, al-
though slightly reduced in comparison to non-nor-
malized values. On the basis of these data, it is
possible to argue that perfusion impairment may be
unrelated to atrophy, indicating a true functional
and cognitive decline. This observation can be con-
sidered in agreement with the observations reported
by Meltzer et al (28), who showed temporoparietal
and sensorimotor hypometabolism assessed by pos-
itron emission tomography studies to persist even
after volume correction.

We did not find any difference between patients
with Alzheimer’s disease and control volunteers
concerning white matter signal alterations. Lesion
load was higher in control volunteers (2%) than in
patients with Alzheimer’s disease (ranging from



AJNR: 22, June/July 2001 ALZHEIMER’S DISEASE 1035

.035% to .9%). Many previous studies have semi-
quantitatively and quantitatively analyzed white
matter signal alterations in patients with Alzhei-
mer’s disease and in elderly control volunteers,
with conflicting results. Most investigators have re-
ported increases in hyperintensity in patients with
Alzheimer’s disease (29–32).

Because clinical inclusion criteria and age were
similar in our population of patients and control
volunteers and a highly sensitive sequence (fluid-
attenuated inversion recovery) with thin sections
was used, our data should not be influenced by sig-
nificant bias. Based on our observations, signal al-
terations in patients with Alzheimer’s disease
should be considered incidental findings, mostly re-
lated to aging rather than to the disease.

No correlation was found between lesion load
and perfusion deficit. This finding confirms the
opinion presented by Brun and Englund (33) that
white matter disease occurs independent of gray
matter degeneration. Moreover, because cortical
hypoperfusion is unrelated to white matter disease
(which is mostly due to loss of myelin, axons, and
oligodendroglia consequent to microvascular im-
pairment), it is possible to argue that the perfusion
impairment is not caused by a microvascular dis-
ease but, more reliably, by a fall in blood demand.
This is also confirmed by many previous studies
that did not find correlation between white matter
hyperintensities and MMSE scores (32, 34–37).

Pathologic alterations occurring in cases of Al-
zheimer’s disease might be expected to influence
diffusivity. Amyloid deposition, neuritic degenera-
tion, and cytoskeletal destabilization in the white
matter and loss of myelin sheaths, axons, and oli-
godendroglial cell with gliosis (35), as well as ox-
idative membrane damage, alterations of ion, or
fluid homeostasis and reduced axoplasmic flow re-
lated to cytoskeletal dysfunction in the white mat-
ter, may cause changes of ADC values (38–40).
Sandson et al (9) described the changes observed
on diffusion-weighted images of patients with Al-
zheimer’s disease. The authors found a significant
reduction of anisotropy in posterior white matter in
patients with Alzheimer’s disease (P 5 .0001) and
a slight increase of ADC values within the hippo-
campus. Our results only confirm a trend, with no
statistical significance, of reduced anisotropy in the
posterior white matter. ADC maps, in our study, did
not show any statistically significant change of dif-
fusion coefficient of the temporoparietal and hip-
pocampal cortex. These findings do not agree with
the data presented by Sandson et al (9), who re-
ported an increased diffusivity within the hippo-
campus. They are, however, in agreement with an-
other study, which did not show significant
differences of the ADC values in the hippocampus
between patients with Alzheimer’s disease and age-
matched control volunteers (10).

DSC MR imaging can effectively assess perfu-
sion abnormalities in specific regions of the brain
cortex able to discriminate patients with early Al-

zheimer’s disease from control volunteers with a
sensitivity and specificity close to 90%. Our study
indicates that these hemodynamic alterations may
be unrelated to atrophy. Based on our data and con-
sidering previous results (8) that indicate similar
functional information provided by DSC MR im-
aging compared with single photon emission CT
and positron emission tomography, we suggest the
use of perfusion MR imaging in addition to con-
ventional sequences whenever evaluating patients
suspected of having early Alzheimer’s disease. The
increasing cost of DSC in addition to conventional
MR imaging is minimal, and it is mostly related to
the use of contrast material (which is often used
routinely). Additional important advantages of
DSC MR imaging over nuclear medicine are the
use of nonionizing radiation, reducing inconve-
nience (all information in a single session), and
higher spatial resolution. The possibility to quantify
the hemodynamic impairment could also be useful
in longitudinal evaluation and therapeutic trials of
patients with early Alzheimer’s disease.

Conclusion

Our study has confirmed a possible clinical role
of perfusion MR imaging in the diagnosis of Al-
zheimer’s disease, even in the early stages of the
disease. Statistically significant alterations of per-
fusion parameters were found in temporoparietal,
sensorimotor, and hippocampal cortices. Perfusion
impairment seems unrelated to atrophy, and the he-
modynamic alterations could be an expression of
functional and cognitive impairment. The limited
role of microvascular pathology in the genesis of
atrophy is confirmed, in our opinion, by the ab-
sence of correlation with subcortical white matter
lesions.

Our study confirmed that atrophy is a character-
istic feature of Alzheimer’s disease. Data obtained
from our study confirm that diffusion-weighted im-
aging has a limited role in the evaluation of cortical
and white matter changes occurring in association
with Alzheimer’s disease. These considerations
could change when tensor images become widely
available.
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