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METABOLIC BRAIN MAPPING

Various MRS Application Tools for Alzheimer Disease
and Mild Cognitive Impairment
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ABSTRACT

SUMMARY: MR spectroscopy is a noninvasive technique that allows the detection of several naturally occurring compounds (metabo-
lites) from well-defined regions of interest within the human brain. Alzheimer disease, a progressive neurodegenerative disorder, is the
most common cause of dementia in the elderly. During the past 20 years, multiple studies have been performed on MR spectroscopy in
patients with both mild cognitive impairment and Alzheimer disease. Generally, MR spectroscopy studies have found decreased N-
acetylaspartate and increased myo-inositol in both patients with mild cognitive impairment and Alzheimer disease, with greater changes
in Alzheimer disease than in mild cognitive impairment. This review summarizes the information content of proton brain MR spectroscopy
and its related technical aspects, as well as applications of MR spectroscopy to mild cognitive impairment and Alzheimer disease. While MR
spectroscopy may have some value in the differential diagnosis of dementias and assessing prognosis, more likely its role in the near future
will be predominantly as a tool for monitoring disease response or progression in treatment trials. More work is needed to evaluate the role
of MR spectroscopy as a biomarker in Alzheimer disease and its relationship to other imaging modalities.

ABBREVIATIONS: AD = Alzheimer disease; GABA = y-aminobutyric acid; Glu = glutamate; 'H-MR spectroscopy = proton MR spectroscopy; LASER = localization
by adiabatic selective refocusing; MCl = mild cognitive impairment; ml = myo-inositol; MRSI = MR spectroscopic imaging; PRESS = point-resolved spectroscopy

sequence; SENSE = sensitivity encoded; tCr = total creatine; tNAA = total N-acetyl aspartate; TMA = trimethylamines

R spectroscopy is a noninvasive technique that permits the

estimation of the concentrations of various compounds
(metabolites) in the human brain in vivo. To be detectable by in
vivo MR spectroscopy, a compound must be a relatively small
molecule present in at least the low-millimolar concentration
range. MR spectroscopy may be performed by using the signals
from a number of different nuclei, including phosphorus ('P),
carbon (**C), and fluorine (*°F)," but "H-MR spectroscopy (pro-
ton MR spectroscopy) has become the most prevalent since the
early 1990s because of its higher signal sensitivity, better spatial
resolution, and the fact that (unlike other nuclei) no special hard-
ware beyond that found on standard MR imaging scanners is
required.” During the past 2 decades, numerous studies have used
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"H-MR spectroscopy to study both Alzheimer disease (AD) and
mild cognitive impairment (MCI). This article reviews the infor-
mation content of "H-MR brain spectra, gives an update on the
current methods used to collect MR spectroscopy (and MR spec-
troscopic imaging [MRSI]) data, and describes the results of MR
spectroscopy research studies in patients with MCI and AD.

Brain Metabolites Detectable by In Vivo MR Spectroscopy
Various metabolites are detectable at 1.5 or 3T with "H-MR spec-
troscopy in normal brain, including the prominent resonances of
total NAA (tNAA), trimethylamines (TMA), total creatine (tCr),
and signals from myo-inositol (mI), glutamate (Glu), and glu-
tamine. Lactate is not usually seen in normal brain but is detect-
able in pathologies that cause its concentration to increase. Using
special techniques (ie, spectral editing), one can detect other com-
pounds such as y-aminobutyric acid (GABA) and glutathione.
The following is a description of the metabolites that have been
the main interest to date in studies of AD and MCI:

tNAA (2.01-ppm singlet), which is estimated to have a healthy
adult brain concentration on the order of 10—12 mmol/L, is usu-
ally the largest signal in the spectrum.” NAA is an amino acid
synthesized in neuronal mitochondria from aspartate and acetyl-
coA and is primarily seen in neurons, axons, and dendrites within
the central nervous system.” Therefore, NAA is commonly re-
ferred to as a “neuronal marker,” indicative of neuronal density



and viability. However, some in vitro studies have shown that
NAA can also be found in immature oligodendrocytes and
astrocyte progenitor cells.” Furthermore, some longitudinal
studies suggested that NAA undergoes reversible changes in
patients, suggesting it can vary for reasons other than neuronal
density.®” Overall, the balance of evidence suggests that NAA
is present predominantly in neurons and that it is a reasonably
good surrogate marker of neuronal health in many neurologic
and psychiatric disorders. The peak detected by MR spectros-
copy also contains a small contribution from N-acetyl aspar-
tylglutamate, so for this reason, it is sometimes referred to as
total N-acetyl aspartate (tNAA). In addition, in certain rare
diseases, it is thought that the tNAA peak may also contain
contributions from N-acetyl neuraminic acid (sialic acid) and
uridine-diphosphate-N-acetyl-sugars.®

TMA (3.20-ppm singlet) are a composite peak predominantly
containing contributions from glycerophosphorylcholine (a
product of the breakdown of membrane phosphatidylcholine)
and phosphocholine (a precursor of phosphatidylcholine). There
may also be small contributions from free choline, acetylcholine,
carnitine, and acetyl-L-carnitine. Since phosphocholine and glyc-
erophosphorylcholine are involved in both the synthetic and deg-
radation pathways of cell membranes, the amplitude of the TMA
peak is sometimes thought to be related to membrane turnover.”
In addition, it has been shown that glial cells have high levels of
TMA."°

tCr (3.01-ppm singlet, 3.9-ppm singlet) consists of the sum of
creatine and phosphocreatine, which are energy metabolites. tCr
is frequently used as an “internal reference” to quantify other
neurochemicals. However, in normal brain, lower levels of tCr are
found in white matter than in gray matter, and higher levels of tCr
are found in the cerebellum compared with supratentorial re-
gions. Some studies have suggested that tCr levels increase slowly
with age."' Therefore, the assumption of constant tCr when used
as an internal reference should be viewed with caution.

ml (3.3-, 3.5-, and 4.0-ppm multiplets) is a sugar alcohol con-

12 ml is

taining contributions from free mI and mlI phosphate.
readily detectable in short (eg, =35 ms) TE spectra; however, it is
usually not detectable at long TEs. Because mI has been suggested

1314 mI is often consid-

to be higher in glial cells than in neurons,
ered as a “glial cell marker.” ml also may act as a marker of a
detoxification agent or it may be an osmoregulator or intracellu-
lar messenger.'>'>!>

Glu and glutamine (2.1-2.4- and 3.7-ppm multiplets) struc-
tures are complex; hence, their peaks are difficult to separate, both
from each other and from other compounds. Therefore, they are
frequently detected as a composite “Glx” peak.'® Glu is the major
excitatory neurotransmitter in the brain, and glutamine may play
a role in detoxification and regulation of its precursor, Glu,
within the astrocyte body."? It has been suggested that the Glu
signal in brain 'H-MR spectroscopy primarily reflects the in-
tracellular compartment.

GABA (1.9, 2.3-, and 3.0-ppm multiplets) is the primary in-
hibitory neurotransmitter in the brain.'” However, it is difficult to
detect GABA by using conventional 'H-MR spectroscopy because
resonances of GABA overlap with other metabolites such as tCr,

Glu, tNAA, and macromolecules. In addition, normal brain

GABA concentrations are at relatively low levels (1.3-1.9 mmol/
Kg,ct weight)- + For these reasons, most MR spectroscopy studies to
date have used spectral-editing methodologies to reliably detect
GABA free from contamination from larger overlapping signals.

Methods for In Vivo MR Spectroscopy in the Human Brain
Spatial localization methods for "H-MR spectroscopy consist of
single-voxel techniques, in which spectral data are acquired from
1 location at a time, or multivoxel techniques. In multivoxel spec-
troscopy, referred to as MRSI or chemical shift imaging, spectra
from multiple regions are acquired simultaneously.

Single-Voxel Techniques. The 2 most commonly used single-
voxel MR spectroscopy techniques are known as the point-
resolved spectroscopy sequence (PRESS)'? and STEAM.?® Both
techniques use 3 mutually orthogonal section-selective pulses and
design the pulse sequence to collect only an echo signal from the
point (voxel) in space where all 3 sections intersect. In the STEAM
sequence, three 90° pulses are used to provide a so-called “stimu-
lated echo,” whereas in the PRESS sequence, one 90° and two 180°
refocusing pulses are applied to create a spin-echo. STEAM and
PRESS are generally similar but differ in some respects. The big-
gest difference is that the PRESS should have approximately a
factor-of-2 better signal-to-noise ratio than STEAM and is there-
fore commonly used. However, it is possible to achieve shorter TE
values in STEAM than PRESS (which is important for detecting
metabolites with short T2 relaxation times), and the 90° section-
selective pulses in STEAM give better voxel profiles compared
with the 180° section-selective refocusing pulses used in PRESS.
In addition, STEAM may be particularly useful for high-field
brain MR spectroscopy. Figure 1 shows both short and long TE
spectra recorded using the PRESS and STEAM sequences in 2
patients with AD.

Although widely used, STEAM and PRESS do have some lim-
itations, particularly when used at high magnetic field strengths
(eg, 3T or higher). Due to wavelength effects in volume radio-
frequency coils®" or when using inhomogeneous surface coils for
excitation, it may be difficult to obtain uniform radiofrequency
transmit (B,) fields. This then results in misadjustment of flip
angles and variation of the flip angles within the voxel, resulting in
suboptimal excitation. The localization by adiabatic-selective re-
focusing (LASER) sequence®” or its modified version “semi-
LASER,” has been applied to solve these problems.*>** The
LASER sequence is a modification of the PRESS sequence by using
adiabatic (usually hyperbolic secant) refocusing pulses. It consists
of a non-section-selective adiabatic half-passage 90° pulse for ex-
citation, and 3 pairs of hyperbolic secant refocusing pulses in 3
directions for localization. Compared with STEAM or PRESS, a
more uniform excitation profile and decreased chemical shift dis-
placement errors may be achieved in the LASER sequence.?
However, compared with the PRESS sequence, the radiofre-
quency power deposition is higher and the minimum TE is lon-
ger, due to the large number of radiofrequency pulses. The semi-
LASER sequence consists of a nonadiabatic 90° section-selective
pulse and 2 pairs of adiabatic hyperbolic secant pulses for refocus-
ing. Semi-LASER has lower radiofrequency power deposition and
shorter TEs than LASER, but some insensitivity to B, inhomoge-
neity is lost.>®
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FIG 1. 3T MR spectroscopy in 2 patients with AD. A, PRESS (TR, 2000
ms; TE, 35 and 144 ms) in a 71-year-old man. B, STEAM (TR, 2000 ms; TE,
9 and 144 ms) in a 57-year-old man. The white box represents the
location of the VOI (3 X 3 X 3 cm’®) in the mesial frontal region. The
lower SNR of the STEAM spectra is apparent.

The “SPECIAL” consists of a section-selective inversion pulse
followed by a spin-echo sequence, with each pulse applied in a
different direction.>® The sequence combines the short TE achiev-
able with STEAM with the full signal intensity provided by PRESS.
The sequence collects full-intensity signal from a column defined
by the intersection of the selected sections of the 90° and 180°
pulses.>® The section-selective inversion pulse is applied to every
other TR, so that a minimum of 2 scans is required to achieve full
spatial localization.”> The main limitation of spin-echo full-in-
tensity acquired localized spectroscopy is that it is not a “single-
shot” localization method and is, therefore, potentially suscepti-
ble to head motion or other instabilities, possibly leading to
localization errors.

Multiple-Voxel (Spectroscopic Imaging) Techniques. Single-
voxel MR spectroscopy is readily available on nearly all MR im-
aging scanners, is rapid and relatively easy to perform, and has
been used in most AD studies to date. However, single-voxel MR
spectroscopy studies are very limited in terms of both coverage
and spatial resolution. For instance, single-voxel MR spectros-
copy studies of the brain are often limited to 1 or 2 regions and
therefore cannot assess the spatial distribution of metabolites. In
contrast, MRSI can provide an assessment of the spatial distribu-
tion of the various metabolites in addition to their relative con-
centrations within a voxel.

MRSI can be acquired in 2D*”*® or 3D and generally offers
superior spatial resolution (<1 cm®) compared with single-voxel
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FIG 2. Long TE multisection MRSI (TR, 2300 ms; TE; 280 ms; 15-mm
section thickness; 32 X 32 in-plane resolution; 4 sections; 1.5T) in a
72-year-old man with a diagnosis of MCI. Metabolic images from the
third of 4 sections show mildly reduced NAA in a diffuse distribution,
with relative preservation of NAA bilaterally in the corticospinal
tracts. Cho is mildly increased in the mesial frontal regions compared
with other brain regions. Selected spectra from the anterior cingulate
(a) and corticospinal tract (b) show the relative amplitudes of the Cho,
Cr, and NAA signals in these regions.

spectroscopy. An example of 1 section from a multisection 2D
MRSI dataset from a patient with MCI is shown in Fig 2. Gener-
ally, "H-MRSI is acquired from a volume that is prelocalized by
using either PRESS or STEAM; however, as in the example in Fig
2, it is also possible to acquire "H-MRSI with only section (or 3D
slab) localization. 2D or 3D MRSI with conventional phase-en-
coding techniques involves long acquisition times, particularly if
high spatial resolution and coverage are desired. Therefore, a
number of approaches for fast MRSI have been developed, such as
echo-planar spectroscopic imaging, spiral MRSI, and sensitivity
encoded (SENSE) MRSI.

Echo-planar spectroscopic imaging is one of the fastest acqui-
sition techniques for MRSI. An oscillating read gradient is applied
during data readout with each data point in the time-domain
corresponding to a bipolar lobe of the read gradient, thus both
spectral and spatial information can be collected simultane-
ously.” The oscillating read gradient can be viewed as repeatedly
collecting 1 line of k-space at different time points. Conventional
phase-encoding is then applied in the other 1 or 2 directions to
extend the experiment to either 2 or 3 spatial dimensions, respec-
tively. The echo-planar spectroscopic imaging readout reduces
the number of phase-encoding steps by an order of magnitude
compared with conventional MRSI, thereby achieving a large scan
time reduction. Echo-planar spectroscopic imaging encoding can
be implemented with slab-, multisection-, or PRESS-based exci-
tation.?® As an alternative to echo-planar spectroscopic imaging,
spiral-encoded MRSI also applies a field gradient during data ac-
quisition, but unlike echo-planar spectroscopic imaging, it tra-
verses k-space in an in-to-out spiral pattern.”' Spiral-encoded
MRSTI has a number of potential advantages compared with the
rectilinear k-t sampling pattern of echo-planar spectroscopic
imaging, including being less demanding on gradient perfor-
mance, but to date, it has not been widely adopted for clinical
applications.

SENSE-encoded MRSI combines MRSI with reduced phase-
encoding, multiple receiver coils, and “parallel” reconstruction
techniques (as in parallel MR imaging)>? to reduce scan time. The



basic principle of the parallel imaging technique is to use the in-
homogeneous B, fields of multiple, phased-array coils to encode
some of the spatial information, thereby allowing fewer conven-
tional phase-encoding steps to be used, hence reducing scan time.
In SENSE-encoded MRSI, Fourier transformation of under-
sampled k-space data leads to aliased spectroscopic images from
each receiver channel, which can then be unfolded and recon-
structed by using the sensitivity profile of each coil to produce a
single spectroscopic image with uniform sensitivity. An attractive
feature of sensitivity encoding is that it can be combined with any
existing MRSI pulse sequence, so that there are no pulse se-
quence-related SNR losses, unlike those that can potentially oc-
cur with other fast MRSI methods.>® 2D and 3D MRSI involve
phase-encoding in multiple directions, so SENSE-encoding can
also be performed in 2D or 3D (provided that receive arrays with
appropriate geometry are available), leading to large scan time
reductions.>

Spectral Editing Techniques

Although spectral editing can be performed in a number of dif-
ferent ways, currently the Mescher-Garwood (MEGA)-PRESS is
the most widely used method, usually for the measurement of
GABA at 3T. MEGA-PRESS combines PRESS localization with 2
frequency-selective editing pulses (which can also act to suppress
water signal),”® which are alternately turned “on” and “off” in an
interleaved fashion throughout the acquisition. For the detection
of GABA, usually the frequency-selective editing pulse is placed at
1.9 ppm in the “on” (even) acquisition, and the “off” acquisition
actually applies the pulse symmetrically on the opposite side of the
water peak (4.7 ppm) at 7.5 ppm. Because the GABA resonance at
1.9 ppm is coupled to the 3.0-ppm resonance, the resulting edited
spectrum (derived from the difference between the “on” and “off”
spectra) shows a peak at 3.0 ppm, while overlapping resonances
are suppressed.

Other, less frequently used “editing” techniques for coupled
molecules, include the 2D J-PRESS method,***” chemical shift
selective filter,”® constant time PRESS,*® TE-averaged PRESS,*°
and maximum-echo sampling methods.?” Some of these methods
may also be combined with MRSI, for instance a 2D MRSI TE-
averaged PRESS technique was used to generate Glu maps.*' Re-
cently, with the advent of techniques for speeding up MRSI ac-
quisitions such as compressed sensing, it has become possible to
perform multidimensional MRSI scans (2 spectral, 3 spatial),
which have promise for mapping compounds that are difficult to
observe with conventional MRSI techniques.**

Currently, nearly all the techniques mentioned above, other
than STEAM, PRESS, and conventional MRSI, are not commer-
cially available and therefore are only performed by research
groups with access to these methodologies.

High-Field MR Spectroscopy

Spectral SNR and chemical shift resolution increase with increas-
ing magnetic field strength (B,), though the SNR increase may
sometimes be less than the linear improvement predicted by the-
ory.*® This outcome is most likely explained by the increase in
spectral line widths with increasing B,. While field homogeneity is
usually measured from voxel water line widths, typical metabolite

(eg, for Cr or NAA) line widths in the human brain are 3.5 Hz at
1.5T, 5.5 Hz at 4T, and 9.5 Hz at 7T.** The metabolite line width
also depends on B, field homogeneity and metabolite T, relax-
ation time. It has been found that metabolite T, relaxation times
measured in vivo decrease with increasing B,.*> For instance, the
T, of NAA drops from approximately 300—450 ms at 1.5T*>*>*7
to 210-300 ms at 3T,***® to 185-230 ms at 4T,** and 140 ms at
7T.** Therefore, high-field MR spectroscopy is best performed at
short TEs (such as =35 ms). Despite increasing line width, im-
proved SNR and chemical resolution of spectra are shown at 7T
compared with 3T, and 3T compared with 1.5T.*>** Moreover,
resonances from coupled spin systems such as GABA, Glu, and
glutamine are better demonstrated at high field. Therefore,
performing MR spectroscopy studies at the highest field avail-
able is recommended.

Spectroscopic Applications in MCI and AD

AD is the most common cause of dementia; MCI is the transi-
tional state between normal aging and AD. The articles discussed
below were the result of a PubMed search by using the phrases
“Alzheimer disease or mild cognitive impairment” and “MR spec-
troscopy.” The search was restricted to the English language (181
results). The articles discussed are classified into the following
categories: diagnosis, differential diagnosis, therapy, and other
applications.

Diagnosis

The Table shows methodologic details and results of studies that
compared AD, MCI, and healthy controls. Reduction of NAA
levels compared with age-matched healthy controls was the most
frequent 'H-MRS finding in AD.*>*® Reduced NAA/Cr ratios
have been shown in the posterior cingulate gyrus, mesial temporal
lobe, occipital lobe, parietal lobe, and frontal lobe.”**> The “ab-
solute” concentration of NAA was also decreased in the parietal
lobe, occipital lobe, mesial temporal lobe, frontoparietal region,
and hippocampus.®*~* These results are consistent with in vitro
studies performed on postmortem AD brains, which showed that
NAA decreases correlated with the severity of neuropathologic
findings, such as amyloid plaques, neurofibrillary tangles, and the
presence of apolipoprotein E genetic markers.®® Therefore, reduc-
tion of NAA levels might reflect either a loss of the neuronal cells
or neuronal function, or both.

Increases of mI have also been reported in several anatomic
locations in AD, indicative of increased glial cell content. In-
creased mI has been reported most often in the posterior cingulate
gyrus, temporal-parietal area, parietal white matter and occipital
lobes.>"-0%1¢%79 However, 2 studies reported no significant dif-
ferences in ml levels between patients with AD and healthy con-
trols.>>”" Some researchers have used the ratio of NAA/mI to
increase the sensitivity of '"H-MR spectroscopy to metabolite
changes in AD.®"”>7> The NAA/ml ratio has been shown to be the
more accurate MR spectroscopic measurement to differentiate
patients with AD from healthy elderly.

There are conflicting reports on the TMA level in patients with
AD. Some studies showed elevated TMA levelsin AD,"747° while
others report decreased TMA levels®®¢%7”
been suggested that these disparate findings may be the result of

or no change.”*>** It has
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MRS application in AD diagnosis®

Reference Method  Field (T) Region Application Finding (AD versus NC)
Watanabe et al®® PRESS 15 Hippocampus, PCG, occipital lobe AD, MCI, NC NAA| mIT TMA ] tCr| *
Kantarci et al®° PRESS 15 PCG AD, postmortem  NAA |, ml 1 TMA —

Block et al* 2D-MRSI 15 Hippocampus, temporal lobe, AD, NC NAA | TMA —
occipital lobe
Kantarci et al® PRESS 1530 PCG AD, MCl NAA | mIT TMA T Glx —
Chantal et al** PRESS 15 MTL, prefrontal cortex, and AD, NC NAA | TMA| mI] %
parietotemporal
Hattori et al*® PRESS 3.0 PCG, parieto-occipital white matter AD, NC NAA | Glx |
Jessen et al®” PRESS 15 MTL AD, NC NAA | TMA —tCr — %
Garcia Santos et al>  PRESS 15 PCG AD, MCI, NC NAA | TMA > ml —
Hancu et al*’ J-PRESS 3.0 PCG AD, NC NAA | Glu —
Dixon et al®® STEAM 20 Hippocampus AD, NC NAA | *
Schott et al® PRESS 15 PCG AD, NC NAA | mlT TMA —
Antuono et al>? PRESS 0.5 PCG AD, NC NAA | ml T TMA —Glx |,
Godbolt et al*® PRESS 15 PCG AD, NC NAA | ml ]
Jessen et al®® PRESS 15 MTL AD, MCI, NC NAA | TMA | tCr| *
Siger et al’® 2D-MRSI 15 Frontal WM, parietal WM AD, MCI, NC NAA | mI 1
Ackl et al” PRESS 1.5 Parietal WM, parietal GM, hippocampus ~ AD, MCI, NC NAA | mI 1
Falini et al®* WBNAA 15 Whole brain AD, MCI, NC NAA | *
Frederick et al” PRESS 15 Temporal lobe AD, MCI, NC NAA | ml—TMA —
Christiansen et al”>  STEAM 1.5 Hippocampus AD, NC T2 values |
Chantal et al”’ PRESS 15 MTL, prefrontal cortex, and AD, MCI, NC NAA | TMA | mI] %
parietotemporal
Huang et al®® STEAM 15 Parietal lobe, occipital lobe AD, NC NAA | ml T TMA —tCr | %
Schuff et al®® 2D-MRS| 15 Frontoparietal region AD, NC NAA | TMA —tCr — %
Parnetti et al’? STEAM 15 Temporal GM, frontal WM AD, NC NAA | TMA —ml 1 tCr— %
Frederick et al® STEAM 1.5 Parietal lobe, temporal lobe AD, NC NAA | TMA —
Jessen et al*® PRESS 15 Parietal GM, MTL AD, NC NAA | TMA |
Rose et al” STEAM 2.0 Parietal midline AD, NC NAA | ml T TMA —tCr —
Kantarci et al’* PRESS 1.5 PCG, temporal lobe, occipital lobe AD, MCI, NC NAA | ml} TMA 1}
Haley et al®® STEAM 15 Frontal WM AD, NC NAA | TMA —
MacKay et al’”® 2D-MRS| 2.0 GM, WM AD, NC NAA | TMA 1
Schuff et al’® 2D-MRSI 1.5 Hippocampus AD, NC NAA | ml} TMA 1}

Note:—NC indicates healthy control; PRESS-J, TE-averaged PRESS; MTL, mesial temporal lobe; WBNAA, Whole-brain NAA; 1, significantly increased; |, significantly decreased;

—, no significant differences; NC, normal controls; PCG, posterior cingulate gyrus.

 Metabolite concentrations are ratios to tCr, unless a star indicates that the metabolite level has been calculated by reference to the water signal instead.

possible apolipoprotein E allele effects on membrane metabolism
or breakdown, differences in MR spectroscopy methods (in par-
ticular TE), or variations in anatomic voxel placement."’8

While the tCr peak is generally thought to be stable in AD,
some studies have demonstrated decreased tCr levels in patients
with AD versus healthy controls in the occipital lobe®® and in-
creased tCr levels in the parietal and occipital lobes.®

The Glx peak has only been investigated in a few studies; these
have mostly reported reduced Glx levels in patients with AD com-
pared with controls in the posterior cingulate gyrus and parieto-
occipital white matter,?® though 1 study reported no difference in
Glx between patients with AD and healthy controls.®!

Finally, 1 study demonstrated decreased levels of glutathione
in the right frontal cortex of female patients with AD compared
with healthy female controls and decreased glutathione levels in
the left frontal cortex of male patients with AD.”® In this study, the
glutathione level also showed a trend toward reduction in patients
with MCI compared with healthy subjects, though the difference
was not statistically significant.”®

Generally, metabolic differences between patients with AD,
MCI, and controls are fairly small, and appreciable scatter (over-
lap) exists between groups. Therefore, MR spectroscopy in isola-
tion usually cannot be used in individual subjects for the diagnosis
of AD. Metabolite concentrations should be corrected for CSF
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contamination because brain atrophy is typically very significant
in both the elderly healthy control population and particularly in
patients with AD.

Differential Diagnosis

A number of studies have compared subcortical ischemic vascular
dementia with AD. mI/tCr was found to be higher, and tNAA/tCr,
lower, in patients with AD compared with those with subcortical
ischemic vascular dementia.”*®° It has been reported that there is
a significant correlation between Mini-Mental State Examination
score and tNAA/mI and tNAA/tCr in patients with AD but that
patients with subcortical ischemic vascular dementia showed no
correlations.®! In 1 study of AD and frontotemporal dementia,
tNAA/tCr was reduced in the posterior cingulate gyrus in both
patients with AD and frontotemporal dementia; however, the pa-
tients with AD showed a posterior dominant decrease, whereas
there was a frontal predominant decrease in the patients with
frontotemporal dementia,®” while another study found no signif-
icant metabolic differences between AD and frontotemporal de-
mentia in the posterior cingulate gyrus.”” However, it was found
that tNAA/tCR was higher in patients with dementia with Lewy
bodies than AD in the posterior cingulate gyrus.”® Finally, 1 study
found that MR spectroscopy can differentiate between AD and
MCI, with the strongest effect seen with the tNAA/tCr ratio in the



left occipital cortex, but it could not differentiate between differ-
ent types of MCI categorized according to the suspected underly-
ing pathology (eg, neurodegeneration, vascular, or dysphoric or
dysthymic disorders).*

Effects of Therapy

A number of studies have investigated the effect of the acetylcho-
linesterase inhibitor donepezil in AD.**"®” It was found that tNAA
and tNAA/tCr tended to be higher in the donepezil-treated pa-
tients compared with a placebo,®® although 1 study found that
tNAA, TMA, tNAA/tCr, TMA/tCr, and mI/tCr were all decreased
in patients with AD after treatment.®* An MRSI study of the mus-
carinic acetylcholine receptor agonist xanomeline found no met-
abolic differences before or after treatment in either study drug or
placebo groups but did find a positive correlation between pari-
etal lobe gray matter TMA/tCr ratio and cognitive performance.®®
Finally, in a small trial (n = 10) of the alkaloid galantamine, levels
of Glu and Glu/tCr in the right hippocampus increased after 4
months of treatment, and these changes were associated with in-
creased cognitive performance.®’

Other Applications

One study of MCI and patients with early AD found correlations
between various cognitive measures (eg, verbal learning perfor-
mance, memory) and cortical metabolite ratios.”® Another com-
pared MR spectroscopy and diffusion tensor imaging findings
and found a positive correlation between mI/tCr and fractional
anisotropy values and a negative correlation between tNAA/tCr
and mean diffusivity values in patients with AD.”" Finally, in a
study of 15 control subjects and 22 patients with AD, it was re-
ported that correlations exist between elevated basal ganglia TMA
signal and poorer performance on learning tasks, with more sig-
nificant findings in male patients with AD, suggesting sex-specific
effects.””

CONCLUSIONS

Although an abundance of studies have shown metabolic changes
in the brain in subjects with MCI and AD, at present, MR spec-
troscopy is little used in the clinical evaluation of subjects with
dementia. This is probably due to several reasons, including lack
of standardized methodology, overlap of spectral patterns be-
tween different pathologies (ie, relative lack of specificity), lack of
reimbursement, and lack of treatment options in most dementias.
Arguably the most important role for MR spectroscopy may be in
predicting the development of dementia in patients with MCI,
information that is highly valued by patients and their families.
The relative value of MR spectroscopy, performed with the best
available contemporary methods, needs further evaluation in this
regard; its performance should be compared with other imaging
measures from MR imaging and positron-emission tomography,
in particular amyloid imaging methods, as well as other biomark-
ers and clinical testing. For the time being, MR spectroscopy may
find a greater role as a surrogate marker of brain metabolic health
in clinical trials, perhaps both for patient selection and monitor-
ing outcome.

Disclosures: Peter B. Barker—UNRELATED: Consultancy: | am a consultant for Olea
Medical for the development of a commercial MR spectroscopy data analysis soft-
ware package.
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