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Introduction

Amnestic mild cognitive impairment (MCI) is a
common condition in the elderly individuals
mainly characterized by memory loss. Although
there may be other subtle decline in other func-
tions, the general cognitive function and daily
living activities are preserved [1].

The annual rate of conversion to dementia is
around 12 %, in general to Alzheimer type
dementia. In this review, we are focusing on the
application of biochemical markers [2] and imag-
ing techniques such as computed tomography
(CT), magnetic resonance imaging (MRI), and
positron emission tomography (PET). MRI can
cover structural MRI that uses parametric quanti-
tative methods such as volumetry, but also other
techniques such as functional MRI (fMRI),
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diffusion/diffusion tensor imaging (DTI), arterial
spin labeling (ASL) perfusion, and magnetic res-
onance spectroscopy (MRS) techniques. In this
review we focus on the applications of MRI tech-
niques and their role in cases of cognitive decline.

The relationship between dementia and param-
eters evaluated by imaging probably vary with age:
amyloid load may not be as specific for cognitive
impairment in very old patients as compared with
younger patients, whereas indices of neuronal loss
(regional volumes, metabolic activity, or absolute
blood flow) might show a more stable relation-
ship to dementia across ages [3]. Brain reserve
will also influence the results from those studies.
In Alzheimer disease (AD), large areas of medial
temporal cortex are activated during cognitive tasks
that do not occur in controls. This may represent a
compensation for the reduction of function or a
“cognitive reserve”’. Recommendations on the use
of imaging techniques must be interpreted in light
of such factors, whatever the technique used.

For the initial assessment of patients present-
ing with cognitive difficulties/symptoms of
dementia, guidelines from several countries indi-
cate that structural neuroimaging with CT or
MRI is appropriate.

Space-occupying lesions, usually neoplasms
or subdural hematomas, can be detected and may
present progressive cognitive impairment. These
lesions are uncommon, with estimations at
approximately 3 % [4].
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Magnetic Resonance Spectroscopy

MRS enables us to study the chemical composi-
tion of living tissues. It is based on the chemical
shift of atoms. The concentration of some metab-
olites is determined from spectra that may be
acquired in several ways.

Physical Basis of MRS

Currently the spectra may be acquired with
single-voxel (SV) or multi-voxel (MV) tech-
niques. The SV technique is readily available on
most scanners. Voxels must be positioned away
from sources of susceptibility artifacts and lipids.
For diffuse processes, a2 x2 x2-cm (8 cm?) voxel
is routinely used (See Fig. 28.1). A voxel (volu-
metric pixel or Volumetric Picture Element) is a
volume element, representing a value on a regu-
lar grid in a three-dimensional (3D) space. In
contrast to pixels and voxels, points and polygons
are often explicitly represented by the coordi-
nates of their vertices. A direct consequence of
this difference is that polygons are able to effi-
ciently represent simple 3D structures with a lot
of empty or homogeneously filled space, while
voxels are good at representing regularly sam-
pled spaces that are non-homogeneously filled.
Voxels are frequently used in the visualization
and analysis of medical and scientific data. Some
volumetric displays use voxels to describe their
resolution. For example, a display might be able
to show 512 x512x 512 voxels. For local lesions,
the SV can be reduced in volume. The SV tech-
nique offers the advantages of better spatial loca-
tion, more homogeneity, better water suppression,
and speed. However, only one spectrum can be
obtained per acquisition and the MV technique
makes it possible to obtain multiple spectra
simultaneously per acquisition and to assess a
greater area of the brain but with smaller spectral
resolution.

To date, the SV is still superior to MV on the
grounds of reproducibility [5, 6]. For both SV
and MV, the magnetic resonance scanner uses a
process known as shimming to narrow peak line
widths within the spectra. For SV studies,
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improving field homogeneity is performed with
basic, zero-ordered shimming on clinical mag-
netic resonance scanners. For MV, the simultane-
ous production of uniform field homogeneity in
multiple regions requires higher order shimming.
To obtain high-quality spectra, blood products,
air, fat, necrotic areas, cerebrospinal fluid, metal,
calcification, and bone should be avoided. In
such areas differing magnetic susceptibility
results in a non-homogenous field that hinders
the production of diagnostic quality spectra.

Two different approaches are generally used
for proton spectroscopy of the brain: 1) SV meth-
ods based on the stimulated echo acquisition
mode (STEAM) and 2) point resolved spectros-
copy (PRESS) pulse sequences and spectroscopy
imaging, also known as chemical shift imaging.
These latter studies are usually done in two
dimensions, using a variety of different pulse
sequences (spin-echo, usually PRESS). The basic
principle underlying SV localization techniques
is to use three mutually orthogonal slice selective
pulses and design the pulse sequence to collect
only the echo signal from the point (voxel) in
space where all three slices intersect. The PRESS
mode is used more often than STEAM because it
increases the signal/noise ratio and is less sensi-
tive to movement artifacts [7].

Echo time (TE) have not yet standardized so
far in MRS. In degenerative, demyelinating, and
vascular disease a short TE is advocated. A short
TE (20-40 ms) allows us to increase the signal/
noise ratio and to visualize most metabolite
peaks, with the inconvenience of some degree of
overlapping of peaks. Intermediate TE (135-
144 ms) inverts the lactate peak to better distin-
guish it from lipids peak. Long TE (270-288 ms)
gives worse signal/noise ratio but allows better
visualization of some peaks (N-cetylaspartate
[NAA], choline [Chow], and creatine [Cr]). Time
matters in clinical practice, so short TEs are pref-
erable. In our experience with a 1.5 T General
Electric Signa Horizon-clinical scanner a TE of
30 ms and a repetition time of 2500 ms has
proven valuable [8].

A TE averaged PRESS technique has been
yielding highly simplified spectra with better
suppression of signals not pertaining to assessed
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Fig. 28.1 Positioning of a single-voxel in the bilateral
posteromedial parietal cortex for study with frontal, sagit-

metabolites, such as that of macromolecules. TE
is increased from 35 ms to 355 ms in steps of
2.5 ms with two acquisitions per step [9].

The most commonly used spectroscopy is that
originating from a hydrogen nucleus (proton
1H-MRS). This technique is based on the differ-
ences in resonance obtained from hydrogen
nuclei depending on the surrounding atoms
(chemical shift). Each metabolite being assessed
discloses a different hydrogen resonance fre-
quency and appears in a different site in the spec-
trum. The position of the metabolite signal is
identified on the horizontal axis by its chemical
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tal, and axial slices. The area explored includes the poste-
rior cingulate gyrus

shift, scaled in units referred to as parts per mil-
lion (ppm). With the appropriate factors consid-
ered, such as the number of protons, relaxation
times and so forth, a signal can be converted into
a metabolite concentration by measuring the area
under the curve. Because water is the main com-
ponent of living beings and its concentration is
much higher than that of metabolites, it becomes
necessary to suppress the resonance signal from
the hydrogen of water. A plot showing peak
amplitudes and frequencies is obtained.

Each spectrum shows peaks corresponding to
the different metabolite values: myo-inositol
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(ml), 3.56 and 4.06 ppm; Chow, 3.23 ppm; Cr,
3.03 and 3.94 ppm; NAA, 2.02; 2.5 and 2.6 ppm;
glutamine and glutamate, 2.1-2.55 ppm and
3.8 ppm (See Fig. 28.2). Ratios between metabo-
lites and Cr are also of great value as they coun-
teract the systematic errors of measurements.

A program, called a linear combination (LC)
model [10], fits in vivo spectra as a linear super-
position of high-resolution “basis” spectra that are
acquired from model solutions of the metabolites
present in the region of interest. Advantages of an
LC model are that all pre-processing steps, auto-
matic phase correction, as well as modelling of a
smooth baseline are included. Standardized basis
sets are available for the most common clinical
magnetic resonance machines (both 1.5 and 3 T).

Evolution of Brain Metabolites over

the Lifetime

When analyzing metabolite levels in the whole
sample while controlling for age and gender, we
observe that all metabolites are correlated with age.
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NAA, glutamate and glutamate + glutamine and
their ratios to Cr show a negative correlation
(increase in age with a decrease in metabolite lev-
els and vice versa), while the remaining metabo-
lites, such as mlI and Chow, show a direct
correlation (See Fig. 28.3). A decrease in gluta-
mate and glutamate + glutamine over one’s life-
time, which is associated with a certain cognitive
deterioration, could be expected as significant
lower levels of these metabolites are found in
AD. There is a certain degree of controversy in
the literature regarding the changes in metabolite
concentrations and ratios that occur with aging.
Estimates of age effects based on such designs
are interferred by secular changes in nutrition,
medical care, and other factors.

MRS in Mild Cognitive Impairment and AD

Altered levels of NAA or NAA/Cr ratios are the
most common finding reported in patients with
AD and MCI [11-13], although alterations in
other metabolites including ml [14] and glutamate
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Fig.28.2 A typical in vivo example of linear combination
model spectrum in the same area with metabolite peaks.

ml: myo-inositol; Chow: Choline compounds; Cr: creatine,
Glx: glutamate + glutamine; NAA: N-acetyl-aspartate
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Fig. 28.3 Metabolite levels controlling for age and gen-
der. NAA/Cr (a), Glu/Cr (¢) and GIx/Cr (d) ratios show a

[15, 16] are also found. Decreased NAA has been
documented in patients with AD. This reduction
may reflect a combination of the loss of neural
cells, reduced neural metabolism, loss of dendritic
structures, and reduced myelination. As NAA is
almost entirely located within neurons in the cen-
tral nervous system, the reduced neuronal density
may reflect neuronal death or decreased tissue vol-
ume. As the reduced NAA signal could be inter-
preted as a sign of neuronal dysfunction, it does
not necessarily indicate cell death. The depletion
of NAA concentration could reflect decreased
mitochondrial metabolism, which may correlate
with the patient’s age. There are cross-sectional
studies dealing with MRS in AD. A study includ-
ing 206 normal elderly subjects and 121 patients
with AD demonstrated a decrease in the NAA/Cr
ratios as well as increased ml/Cr and Chow/Cr
ratios in the left posterior cingulate gyrus in
patients with AD as compared with controls [17].

negative correlation with age, while mlI (b) show a direct
correlation

Some studies suggest a continuum between nor-
mal aging, MCI, and AD with regard to the values
of NAA in the brain [18, 19].

Longitudinal studies also confirm the utility of
MRS as biomarker. The use of spectroscopy in
the occipital cortex and posterior cingulated aim-
ing to determine the rate of NAA/Cr, may be a
valid tool for predicting the conversion of MCI to
AD. It has been demonstrated that receiver opera-
tor curve analysis for NAA/Cr <1.61 predicted
conversion with 100 % sensitivity and 75 % spec-
ificity [20]. The area under the curve was 0.91
with a positive predictive value of 83 % and a
negative predictive value of 100 % with 88.7 %
correct classification. Similarly [21], it has been
shown that NAA/Cr <1.40 in the posterior cingu-
late predicted conversion of MCI to probable AD
with sensitivity of 82 % and specificity of 72 %
and an area under the curve of 0.82 and corre-
lates closely with clinical severity scales [22].
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Finally [23], showed that NAA/Cr <1.43 in the
posteromedial parietal cortex predicted conversion
to probable AD with 74 % sensitivity and 84 %
specificity and an area under the curve of 0.84.

Additional longitudinal studies showed valu-
able results with magnetic resonance spectros-
copy. In a large cohort of 151 MCI patients (most
of them being of amnestic type) followed-up for
3 years, MRS was individually predictive of con-
version to dementia but the accuracy of predic-
tion improved when MRS was wused in
combination with hippocampal volumetry and
the presence of cortical infarctions [24].

The value of proton MRS as a biomarker was
assessed ante-mortem in a single study with 54
patients ranging from low to high likelihood of
having AD and who underwent autopsy.
Decreases in NAA/Cr and increases in myo-
inositol/Cr ratios in the posterior bilateral cingu-
late gyrus correlated with higher postmortem
Braak neurofibrillary tangle staging [25]. Godbolt
and coworkers [26] noted that presymptomatic
ApoE 4 subjects had decreased levels of NAA/
myo-inositol and NAA/Cr by 10-25 % compared
to controls, and that these differences appeared
years before clinical symptoms [26]. Kantarci
and his group found that the choline/Cr ratios
decreased for 13 months in stable patients with
MCI, whereas no changes were seen in patients
with MCI progressing to AD. This may reflect a
compensatory cholinergic mechanism failing in
MCI patients who progress to AD [27].

There is also a growing appreciation of com-
mon risk factors for AD and vascular dementias
(VaD), and that both pathologies may contribute
to cognitive decline in an individual. Other pri-
mary degenerative dementias, such as fronto-
temporal degeneration (FTD) may present
atypically. Consequently there may be consider-
able overlap between clinical and imaging fea-
tures in these conditions.

Metabolic changes in fronto-temporal demen-
tia are similar to Alzheimer’s disease, with low
levels of NAA/Cr and higher than normal levels
of myo-inositol/Cr [28]. MRS studies in common
dementias are limited to comparing the signs of
MRS in Alzheimer’s disease with other demen-
tias such as fronto-temporal dementia [29, 30],
vascular dementia and Parkinson disease [31].
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It is important to note that the reliability of
these values requires a good reproducibility and
depends more on the technical characteristics of
the study of resonance (magnetic field homogene-
ity, good signal to noise ratio, peak width of the
metabolites) than post-processing methods [32].

Monitoring of Treatment

With the recent availability of many pharmaceu-
tical agents modestly effective for treating symp-
toms of AD, medicine has entered a new era in
treating AD. Neuroimaging may provide a useful
tool for monitoring the progression of AD. Several
published trials measured the effect of drugs on
AD progression with MRS and, we can see in
general that drugs produced small changes in
metabolite levels and ratios which correlated
with the modest clinical or no effect of the drugs
on AD progression. Decreases in choline/Cr and
choline/phosphocreatine in parietal cortex in
comparison with controls have been demon-
strated using MRS in patients with AD when
receiving xanomeline, a muscarinic agonist [33].
Decreased choline/Cr ratios in patients with AD
when treated with cholinergic agonists [34] and
increased NAA/Cr were detected under treatment
with donepezil, a cholinesterase inhibitor [35].

A randomized trial included 67 patients who
were treated with either donepezil or placebo for
1 year [36]. The NAA levels elevated transiently
in the donepezil group at week 12 and 18 but the
differences were not significant at endpoint, and
cognitive improvement correlated with NAA ele-
vations in the cortex. Conversely, in the placebo
group the NAA concentration tended to remain
near baseline values or to decrease modestly [36].
By comparison, other studies have found only a
slight increase of NAA/Cr in patients with AD
when treated with rivastigmine [37]. In a ran-
domized trial, donepezil and memantine were
compared by analysis of metabolite values in sev-
eral areas of the brain. The general trend was
towards a small elevation of NAA/Cr ratios.
However, the results were not statistically signifi-
cant. In the global sample there was a significant
correlation between the clinical changes and
changes in NAA/Cr values [38]. A recently pub-
lished study, including 42 patients with AD and
22 controls all of whom underwent six MRS
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studies over a 2-year timespan, showed that there
is a progressive decline in the NAA/Cr ratios
independent of treatment with cholinesterase
inhibitors, which is consistent with the lack of
efficacy of these drugs [39].

Glutamate is another neurotransmitter studied
with MRS. Increased glutamatergic excitotoxic-
ity has been reported in AD but several cross-
sectional reports showed decreased levels of
glutamate in AD in comparison with controls. In
a small open trial, galantamine treatment for 4
months tended to elevate glutamate levels in the
hippocampus [40].

Diffusion Tensor Imaging
White Matter Structure

Neuroimaging reveals changes in the white mat-
ter (WM) structure in the human brain. WM
comprises half of the human brain and consists of
bundles of myelinated axons connecting neurons
in different brain regions [41]. Grey matter is
composed of neuronal cell bodies and dendrites
concentrated in the outer layers of the cortex.

Fig.28.4 Diffusion tensor
imaging and example of
color-encoded fiber orientation
maps. Fibers that are predomi-
nantly oriented left—right are
shown in red, anterior—posterior
fibers are shown in green, and
superior—inferior fibers are
shown in blue
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Microstructural changes in WM can be
revealed by specialized MRI brain imaging tech-
niques such as DTI. This method analyzes the
diffusion of protons in tissue, which is more
restricted in WM than in grey matter.

DTI Measurement

Water molecules in the brain are in constant
Brownian motion, and although the movement of
these protons affects conventional structural
imaging, diffusion weighted imaging (DWI) and
DTI allow quantification of this microscopic
movement within each voxel. The main advan-
tage of using diffusion tensor imaging, rather
than DWI, is that DTT reflects the underlying dif-
fusion properties of the sample independent of
the orientation of the tissue with respect to the
direction of measurements (See Fig. 28.4). DTI is
thus a robust quantitative technique that is inde-
pendent of how the subject has been oriented
inside the scanner magnet and gradient coils. In
regions with few or no constraints imposed by
physical boundaries, such as cerebrospinal fluid
(CSF) in the ventricles, water movement is ran-
dom in every direction and is isotropic. In con-
trast to CSF, the path of a water molecule in a
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Fig.28.5 3D DTI-based
reconstruction results of
association fibers in the limbic
system (green) and corpus
callosum (blue)

WM fiber is constrained by physical boundaries
such as the axon sheath, causing the movement
along the long axis of a fiber to be greater than
across the radial diffusion. These data can be
used to calculate the probable anatomy of WM
bundles in living brain, a process called tractog-
raphy (See Fig. 28.5). Orientation is calculated
from the eigenvectors defining proton diffusion
in three dimensions in each voxel. Using algo-
rithms, the principal eigenvalue vector is con-
nected to the next voxel to trace the fiber structure
and orientation in WM tracts.

DTI yields quantitative measures for tissue
water mobility as a function of the direction of
water motion and is probed by application of dif-
fusion sensitization gradients in multiple direc-
tions. Baser and coworkers [42] described the use
of multivariate linear regression to calculate dif-
fusivity, D, from a non-diffusion-weighted image
plus six or more diffusion-weighted measure-
ments in a non-collinear direction. The diffusion
weighting is obtained by simultaneously apply-
ing diffusion gradients along combinations of the
three physical axes.

The appropriate mathematical combination of
the directional diffusion-weighted images pro-
vides quantitative measures of water diffusion for
each voxel via the apparent diffusion coefficient
(ADC), as well as the degree of diffusion direc-
tionality, or anisotropy. The anisotropy increases
with increased myelination, diameter, and axon
compaction. Myelin is a major diffusion barrier
for water, and gives WM its high anisotropy.

Demyelinating diseases are characterized by par-
tial or total loss of myelin, with consequent loss
of neuronal function.

MCland AD

Increase in the ADC has been described in mul-
tiple regions of WM, corpus callosum, and
cingulum of patients with AD as compared with
controls [43]. Huang and coworkers [44] found
functionally relevant microstructural changes in
patients with AD and MCI. These changes were
present in brain regions with high cortical func-
tions, but not in regions of primary functions, and
are consistent with a hypothetical decrease in
axonal process in the temporal lobe [44].

Neuroimaging in MCI and AD generally
shows medial temporal lobe atrophy and dimin-
ished glucose metabolism in the posterior cingu-
late gyrus. However, it is unclear whether these
abnormalities also impact the cingulum fibers,
which connect the medial temporal lobe and the
posterior cingulate regions. Assessment of the
cingulum fibers using DTI may be of help for an
early diagnosis of AD [45].

It was proposed in a recent review that using
analysis of regional mean fractional anisotropy
(FA) and mean diffusivity (MD) values, it was
possible to show that MD values are different in
all WM regions of the brain between controls and
AD patients, and that FA showed similar results
except for the parietal lobe and internal capsule
[46]. Furthermore, a few studies in healthy older
subjects at risk for AD showed abnormalities in
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MD values in regions known to be affected in AD
[47, 48]. Besides showing early alterations in
MCI patients, DTI appears to correlate with cog-
nitive performance independent of cortical atro-
phy, which suggests access to an upstream
process in the neurodegenerative cascade [49].
The search for appropriate DTI and high angular
resolution diffusion imaging parameters for the
diagnosis of cognitive impairment is still a work
in progress [50]. Various parameters behave in
different ways according to localization [51]. In
addition to the choice of diffusion parameters,
recent tractography studies illustrate the superi-
ority of analysis methods that can manage cross-
ing fibers [52].

Perfusion MRI

PET and single-photon emission computed
tomography (SPECT) have been used to identify
focal changes in regional cerebral blood flow in
patients with MCI and AD. However, the low
spatial resolution of PET and SPECT, and the
ionizing radiation emitted from the nuclear medi-
cine tracers are major concerns. PET imaging
offers a variety of techniques that have a signifi-
cant role in investigating patients with cognitive
impairment. Amyloid imaging with [11C]-labeled
Pittsburgh compound-B (PIB) amyloid and
[18 F]flurodeoxy glucose PET are covered else-
where. A molecular probe with high affinity to
tubulin associated unit fibrils and a low affinity
for synthetic amyloid-B1-42 fibrils is in the early
phase of development [53].

Magnetic resonance perfusion techniques have
also been developed and offer higher spatial reso-
lution without the use of ionizing radiation [54].
Magnetic resonance perfusion techniques are
based on exogenous or endogenous tracers. In the
method based on exogenous tracers, a paramag-
netic agent such as gadolinium dimeglumine
gadopentate is injected, and the resulting decrease
and subsequent recovery of the magnetic reso-
nance signal is used to estimate perfusion (See
Fig. 28.6). In the method using endogenous trac-
ers, the magnetization of the spins of arterial

water are noninvasively labeled using radiofre-
quency pulses, and the regional accumulation of
the label is measured in the tissues by comparison
with an image acquired without labeling. In the
case of ASL, there is no need to use exogenous
contrast material; it uses endogenous water mag-
netization as diffusible tracer and works with
modifications of the magnetization state of blood
[55]. Arterial spin labeling-MRI studies of
patients with AD and MCI have reported a similar
pattern of regional hypoperfusion to that described
in previous PET and SPECT studies. Moreover,
arterial spin labeling-MRI offers several advan-
tages over PET and SPECT: (1) it is free of expo-
sure to ionizing radiation, intravenous contrast
agents, and radioactive isotopes; and (2) it can be
rapidly repeated because labeled water is cleared
after a few seconds. An additional advantage is
that perfusion and structural images can be
acquired at the same imaging session.

Previous studies using this method have
shown hypoperfusion in some brain areas in
patients with MCI and AD compared with con-
trols, including the right inferior parietal, bilat-
eral posterior cingulate gyri, and bilateral middle
frontal gyri, a pattern of hypoperfusion that is
similar to the one seen with PET and SPECT
scan studies in this population [56, 57]. Chao and
coworkers [58] compared the predictive value of
cerebral perfusion as measured by arterial spin
labeling-MRI with magnetic MRI hippocampal
volume for determining future cognitive and
functional decline and subsequent conversion
from MCI to dementia [58]. Results from linear
mixed effects modeling suggest that baseline per-
fusion from the right precuneus predicted subse-
quent declines in the Clinical Dementia Rating,
Functional Activities Questionnaire, and selec-
tive attention, whereas baseline hypoperfusion in
the right middle frontal cortex predicted subse-
quent episodic memory decline in the California
Verbal Learning Test. These results suggest that
hypoperfusion as detected by arterial spin
labeling-MRI can predict subsequent clinical,
functional, and cognitive decline and may be use-
ful in identifying candidates for future AD treat-
ment trials.
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Fig.28.6 Example of cerebral
perfusion contrast-enhanced
dynamic susceptibility. (DSC)
with decreased left frontal
cerebral blood

Structural Neuroimaging

Structural neuroimaging has also been validated
as a tool in the detection and progression moni-
toring of preclinical AD. In AD there is cortical
atrophy including thinning of gyri, widening of
sulci, thinning of the cortical ribbon (coronal
plane), reduced volume of the centrum semi-
ovale, and lateral ventricular enlargement (one
third of cases). The atrophy is evident in the
medial temporal lobe, particularly the amygdala,
hippocampus, and parahippocampal gyrus.
Temporal lobe MRI may have an important role
in assisting with the clinical diagnosis of AD,
particularly its differentiation from other disor-
ders that may cause diagnostic difficulties in the
clinical practice. Tissue volumes in the central
nervous system, and in particular changes in vol-
ume over time, are sensitive markers of a range of
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neurological disease states and disease progres-
sion. Measurement of brain volume requires seg-
mentation of the brain from the rest of the tissues
in the head and neck. While this can be performed
manually or in a semiautomated manner, auto-
mated procedures are likely to be more reproduc-
ible and rapid. This is understandable because the
size of the structures involved is usually rela-
tively small, making the analysis less tedious
than a manual segmentation of the whole brain.
Manual segmentation to measure the hippocam-
pal volume is recognized as the gold standard.
However, an initial survey of the 12 most cited
manual segmentation protocols revealed a 2.5-
fold volume measurement difference [59]. The
group that included Barnes performed a meta-
analysis of hippocampal atrophy rates in patients
with AD and matched controls from studies
reported in the peer-reviewed literature [60].
Meta-analysis and meta-regression were then
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performed with nine studies from seven centers, a
total of 595 patients with AD and 212 matched
controls. They found strong evidence of
between-study heterogeneity, and finally con-
cluded that the overall hippocampal atrophy rate
was 1.4 % in normal controls with an age range
of between 69 and 83 years. In patients with AD,
the overall atrophy rate was 4.6 %. Automated
validated measures of hippocampal volume will
help to increase reproducibility of results.
Additionally, many structures such as the hippo-
campus, are difficult to segment in an automated
manner, but are relatively easily identified and
manually or semiautomatically outlined, given
the appropriate software. Some progress has been
made in automating segmentation procedures,
with methods including the use of deformable
shape models.

Tensor-based morphometry (TBM) is a rela-
tively new image analysis technique that identi-
fies regional structural differences in the brain,
across groups, or over time from the gradients of
the deformation fields that warp images to a com-
mon anatomical template. The anatomical infor-
mation is encoded in the spatial transformation
(See Fig. 28.7). Therefore, accurate inter-subject
non-rigid registration is an essential tool. With
the advent of recent and powerful non-rigid

Fig.28.7 Example tensor based
morphometry of the AD patients
vs. controls subjects. Statistical
significance maps show
dilatation (blue) and contraction
brain volume (yellow and red) in
AD

registration algorithms based on the large defor-
mation paradigm, TBM is being increasingly
used [61] but at the moment is restricted mostly
to research settings. Various automated methods
to classify people with AD and MCI using struc-
tural MRI T1- weighted images have been pro-
posed and have been reviewed [62]. The authors
concluded that most of the techniques accurately
classified normal controls and patients with
AD. However, these methods had lower sensitiv-
ity in diagnosing prodromal AD. Again, the diag-
nostic value of specific hippocampal atrophy
measurements has been well established in refer-
ral clinic populations, but its diagnostic value has
not been demonstrated in unselected primary
care patients, and this will remain a challenge for
the foreseeable future.

fMRI

Another more recent imaging method for the
mapping of activation patterns in the brain is
fMRI. This is an important technique for better
understanding brain function. When a brain
region is activated, new energy must be trans-
ported to this region which leads to increased
blood flow to that part of the brain. This can be
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imaged by repetitive magnetic resonance scans
and detected by appropriate signal processing
methods.

Episodic memory encoding function is most
commonly investigated because of its early and
consistent involvement in AD. During episodic
memory encoding, patients with AD onsistently
show lower activation in medial temporal lobe
structures, particularly the hippocampus [63], fail-
ure of the normal deactivation in posteromedial
cortical areas such as the posterior cingulate and
medial parietal cortex, [64] and increased activa-
tion in the prefrontal cortex, probably as a com-
pensation mechanism [65]. fMRI studies have
shown a decrease in intensity and/or extent of acti-
vation in the frontal and temporal region of patients
with AD compared with normal subjects. In the
genetic risk groups (ApoE4), activation with
memory tasks has been shown greater extent and
intensity of frontal and temporal brain activation,
suggesting a compensatory brain function [35].

Dickerson and coworkers have extended a
preliminary analysis of functional magnetic MRI
as a predictor of dementia in MCI. Over a follow-
up interval of more than 5 years after functional
MRI scanning in 25 MCI subjects, some did not
show change and others progressed to dementia
[66]. The degree of cognitive decline was pre-
dicted by hippocampal activation at the time of
baseline scanning, with greater hippocampal acti-
vation predicting greater decline. These data sug-
gest that functional MRI may provide a
physiologic imaging biomarker useful for identi-
fying the subgroup of MCI individuals at highest
risk of cognitive decline for potential inclusion in
disease-modifying clinical trials.

The brain network referred to as the default
mode network (DMN) includes several cortical
areas that are particularly active at rest and deac-
tivate during cognitive tasks. This network
includes the medial prefrontal cortex, posterior
cingulate cortex, precuneus, anterior cingulate
cortex, and parietal cortex. The hippocampus is
functionally connected to this network. A signifi-
cant alteration in the intrinsic functional connec-
tivity between the hippocampus and areas in the
DMN at rest and during cognitive tasks in patients
with MCI and AD has been reported [67].

N. Fayed et al.

Summary, Conclusions, and Future
Directions

Several techniques used for the diagnosis of MCI
and AD have been discussed in this chapter.
Structural MRI alone has also proven insufficient
to predict early AD and additional biomarkers are
needed in combination to make reliable predic-
tions in MCI. Additionally, an excess of signifi-
cance bias has been suggested in volumetric
studies according to data synthesis from 41 meta-
analysis [68]. At present, there are no other non-
invasive techniques that can provide equivalent
information and, as a consequence, MRI, DTI
tractography, and fMRI are expected to be a pow-
erful combined technique for researching brain
anatomy and disease in situ in human beings [69].
MRS in combination with DTI and fMRI may
provide clinicians with information about ongo-
ing pathological changes in AD. DTT and MRI are
non-invasive and do not require the use of radio-
active tracers, suggesting its potential safe appli-
cation for longitudinal follow-up and repeated
assessments. Mandal and coworkers have shown
that brain oxidative stress can be determined non-
invasively and quantified in various regions of the
brain in both healthy young male and female sub-
jects as well as in patients with MCI and AD [70].
It was also demonstrated using MRS technique
that detection of glutathione in specific brain
region may provide crucial information related to
clinical status. In order to have diagnostic value in
the individual patient with these neuroimaging
modalities, they must have established validity,
sensitivity, specificity, predictive value, and test—
retest and interrater reliability.

The MRI scans show that the death of brain
cells precedes symptoms of AD by 5 or 6 years.
The goal of newer imaging methods is to detect
these changes even earlier, and more precisely
track disease progression. The accumulation of
neurodegenerative  biomarker  abnormalities
might reflect a more severe brain pathological
stage that could potentially increase the risk of
longitudinal cognitive decline [71] as well as
development of clinical AD [72-74].

A recent study comparing neuroimaging
modalities for the prediction of conversion from
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mild cognitive impairment to Alzheimer demen-
tia shows that among individual modalities, MRI
had the highest predictive accuracy (67 %), which
increased from 9 % to 76 % when combined with
PIB-PET, producing the highest accuracy among
any biomarker combination. Individually, PIB-
PET generated the best sensitivity, and fluorode-
oxyglucose PET had the lowest. Among
individual brain regions, the temporal cortex was
found to be most predictive for MRI and PIB-
PET [75].

Larger longitudinal studies with improved
homogeneity of participants and methods, com-
bining neuroimaging and other diagnostic data,
will probably give to the modalities discussed in
this chapter clinical utility in the near future. The
improvements in brain imaging techniques will
help scientists working with AD to better under-
stand this devastating and deadly cognitive decline.
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