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Imaging Breakthroughs Reveal Early AD Changes

New techniques detect preclinical changes in the

brain’s biochemistry, water diffusion, and structures.

BY KERRI WACHTER

Senior Writer

WASHINGTON — Imaging techniques
designed to enable identification of pre-
clinical Alzheimer’s disease were show-
cased in numerous presentations at an in-
ternational conference sponsored by the
Alzheimer’s Association.

Preclinical Biochemical Changes
Using magnetic resonance Spectroscopy
(MRS), researchers in the United Kingdom
identified biochemical changes in the pos-
terior cingulate in a group of symptom-
free subjects genetically destined to de-
velop Alzheimer’s disease (AD).

The researchers imaged seven volun-
teers with familial AD, who carry prese-
nilin 1 and amyloid precursor protein gene
mutations and have an almost 100%
chance of developing AD, according to Al-
ison Godbolt, M.B., of the Dementia Re-
search Centre at University College, Lon-
don. At the time of the study, these
individuals had normal memory. Six
healthy volunteers without familial AD
were also recruited to serve as controls.

MRS provides information about select
chemicals in a specific area of the brain
that are involved in metabolism. MRS is
performed using the same scanners as
magnetic resonance imaging (MRI).

The researchers looked at a single vox-
el along the midline of the posterior cin-
gulate, a region that is known to be in-
volved in AD. They measured the ratio of
n-acetylaspartate to creatine and the ratio
of myo-inositol to creatine.

Subjects with the genetic mutation had
n-acetylaspartate/ creatine ratios that were
10% lower and myo-inositol/ creatine ratios
that were 20% greater than those of the
control group. The difference in the myo-in-
ositol/creatine ratios between the two
groups did not reach statistical significance.
“Interestingly, other researchers have found
the same changes in people who already
have the disease,” Dr. Godbolt said.

Reduced levels of n-acetylaspartate are
thought to be due to nerve cell dysfunction
and loss; increased myo-inositol levels are
thought to be due to increased inflamma-
tion. In addition, the volunteers with the
gene mutation who were closest to their
predicted age of onset had the most ab-
normal levels of these two chemicals.

Screening via Hippocampal Size
Reduced hippocampal volume on MRI,
combined with the results of the Mini-
Mental State Examination (MMSE), ap-
pears to do a better job of identifying pa-
tients with mild cognitive impairment
(MCI) and AD than MMSE alone, accord-
ing to a poster presented by Claire K. Sand-
strom, a medical student at Duke Univer-
sity in Durham, N.C., and her colleagues.
Several recent studies have shown that
individuals with MCI have smaller hip-
pocampal volumes on MRI, compared
with healthy controls. This is especially
true for those subgroups of individuals

with MCI, who later convert to AD. The
researchers hypothesized that informa-
tion about reduced hippocampal volume
in patients with MCI, compared with con-
trols, could enhance the diagnostic utility
of MMSE scores.

The researchers evaluated 18 volunteers
(11 men) with MCI and 17 volunteers (8
men) with normal cognition with the
MMSE and MRI. Those with MCI were
age 74 years on average and had a mean
MMSE score of 27, while the control
group was age 70 years on average and
had a mean score of 28.

Left and right hippocampal volumes

viduals with cognitive complaints (mean
age 73 years), and 33 healthy controls
(mean age 72 years), according to a poster
presented by John D. West of the Brain
Imaging Lab at Dartmouth College in
Hanover, N.H., and his colleagues.

The participants were from the ongoing
Dartmouth Memory and Aging Study.
The groups were balanced for age, edu-
cation, and sex. They also were assessed
using the California Verbal Learning Test.

DTI reveals disruptions of the white
matter tracts that are not visible on MRI.
Within white matter, water moves paral-
lel to tracts. Conventional MRI can dis-
tinguish white from gray matter but can
provide very little detail about the white
matter; MRI cannot observe or quantify
specific fiber tract directions.

AD vs. Lewy Body Dementia on PET
PET imaging shows that patients with
Lewy body dementia (LBD) have slightly
more B-amyloid in the occipital and sen-
sorimotor cortex than do patients with
AD, a finding that may help physicians dis-
tinguish the two conditions with similar
symptoms, according to a poster present-
ed by Victor L. Villemagne, M.D., of
Austin Hospital in Melbourne, Australia.
The researchers took advantage of a rel-
atively new PET tracer—the Pittsburgh
Compound B (PIB)—to image B-amyloid
in the brain. PIB is a derivative of thiamine
that is labeled with radioactive carbon
and attaches to B-amyloid deposits in the
brain that show up on PET imaging.
The researchers imaged eight patients
with AD, seven patients with LBD, and sev-

PET shows tracer retention in white matter for normal control, Parkinson’s disease, and frontotemporal dementia. In Lewy body
dementia, mild cognitive impairment, or Alzheimer’s disease, the tracer is retained in the frontal and temporal cortices.

were calculated from MRI and normalized
for intracranial area. Left and right hip-
pocampal volumes and MMSE scores
were adjusted for age.

Hippocampal atrophy was greater in
the volunteers with MCI than in the con-
trols. Left hippocampal volume was sig-
nificantly smaller than on the right only in
people with MCI. The smaller volume of
the left hippocampus may represent an in-
herent, unilateral property of the disease
process, according to the authors. Or, the
difference in volumes may be a dose effect
for the apolipoprotein e4 allele. The small-
er left hippocampal volume may also re-
flect the fact that the MCI classification
system used in this study assessed deficits
on verbal rather than visual memory tasks.

The researchers developed receiver op-
erating characteristic curves to evaluate
the ability of left hippocampal volume,
right hippocampal volume, MMSE score,
and the combination of left hippocampal
volume and MMSE score to accurately
identify patients with AD and MCI. After
analyzing these curves, the researchers
concluded that left hippocampal volume
was superior to MMSE alone in identify-
ing patients with AD and MCI.

Hippocampal volume information from
MRI could potentially improve the identi-
fication of those at greatest risk for the de-
velopment of AD in a primary care setting.

DTI Reveals Brain Changes in MCI
Researchers have identified changes in the
left and right anterior hippocampus and
amygdala in patients with MCI and in
those with mild cognitive complaints but
not in cognitively normal subjects, using
diffusion-tensor imaging (DTT).

The researchers imaged 27 individuals
with MCI (mean age 74 years), 25 indi-

DTI relies on the principle that water dif-
fusion is affected by the properties of the
medium in which it occurs. Diffusion with-
in biologic tissues reflects tissue structure
and architecture at the microscopic level.

In particular, the researchers looked at
the ability of water to diffuse in different
regions of the brain. The greater the dif-
fusion, also known as trace diffusivity, the
less white matter structure there is to lim-
it movement—an indication of white mat-
ter degeneration.

An area of increased trace diffusivity—
relative to the control group—was found
in the right posterior cingulate of both the
MCI group and the group with lesser cog-
nitive complaints. The participants with
MCI also showed increased trace diffusiv-
ity in medial temporal regions relative to
the control group.

Relative to controls, patients with MCI
were more likely to have increased trace
diffusivity in the left and right anterior hip-
pocampus and amygdala. Cerebral water
diffusion in the group with lesser cognitive
complaints was less than in those with
MCI and greater than normal controls.

The researchers correlated trace diffu-
sivity with performance They found that
decreasing verbal scores on the California
Verbal Learning Test correlated with in-
creasing trace diffusivity in the left and
right anterior hippocampus and amygdala.

The findings suggest that DTI could be
sensitive to preclinical changes in regions
of the brain associated with AD.

Previous studies using diffusion-tensor
imaging (DTI) have shown increased dif-
fusivity of water in the hippocampus of
older adults with MCI, compared with
healthy controls. This finding suggests
early degenerative changes in the medial
temporal region.

en age-matched healthy controls using PIB
PET and ®fluorodeoxyglucose (FDG) PET.
Patients with AD had MMSE scores rang-
ing from 15 to 28. Patients with LBD had
MMSE scores ranging from 10 to 25, per-
sistent visual hallucinations, parkinsonism,
and cognitive fluctuations. The control
group had MMSE scores greater than 27.

PIB PET images of the patients with AD
showed marked binding in the frontal, pari-
etal, and lateral temporal cortices, as well
as the caudate nuclei, suggesting that there
were significant -amyloid deposits there.
There was relative sparing of the occipital
and sensorimotor cortex and very low up-
take in the cerebellar cortex. Patients with
LBD appeared similar to those with AD but
slightly higher uptake was noted in the oc-
cipital and sensorimotor cortex.

The normal controls showed little or no
PIB retention in any cortical and subcor-
tical gray matter areas. Areas of PIB bind-
ing were inversely correlated with FDG
uptake areas—a brain activity measure.

The use of PIB binding patterns can dis-
tinguish LBD from AD, said Dr. Ville-
magne, also of the department of pathol-
ogy at the University of Melbourne.

LBD is the second most common de-
mentia cause after AD, and it is difficult to
distinguish the two disorders. Postmortem
studies of LBD have shown that the ma-
jority of patients have cortical p-amyloid
deposits similar to those in AD patients.

In addition, the researchers have also
scanned individuals with Parkinson’s dis-
ease and frontotemporal dementia using
PIB-PET imaging. They found no cortical
PIB retention, only white matter reten-
tion. a-Synuclein protein is the hallmark
of certain neurodegenerative diseases. Tau
protein forms the neurofibrillary tangles
that are associated with AD. L]
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