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Proton MR Spectroscopy in Mild Cognitive
Impairment and Alzheimer Disease:
Comparison of 1.5and 3 T

Kejal Kantarci, Glenn Reynolds, Ronald C. Petersen, Bradley F. Boeve, David S. Knopman,
Steven D. Edland, Glenn E. Smith, Robert J. Ivnik, Eric G. Tangalos, and Clifford R. Jack, Jr

BACKGROUND AND PURPOSE: Theoretically, proton (‘"H) MR spectroscopy at a higher
field strength has the advantages of higher signal-to-noise ratio and improved spectral reso-
lution. We therefore compared the ability of single-voxel 'H MR spectroscopy at 1.5 and 3 T to
diagnostically discriminate among cognitively normal elderly subjects, patients with mild
cognitive impairment (MCI), and patients with Alzheimer disease (AD).

METHODS: At both 1.5 and 3 T, we studied 41 cognitively normal elderly subjects, 20 patients
with MCI, and 20 patients with AD. In each subject, '"H MR spectroscopy was performed at TEs
of 30 and 135 ms and from voxels placed over the posterior cingulate gyri.

RESULTS: Average line widths and interexamination variability of metabolite ratios were
higher at 3 T than at 1.5 T. Consistent quantification of glutamine (Gln) + glutamate/creatine
(Cr) and GIn/Cr peak ratios occurred at 3 T but not at 1.5 T. Choline (Cho)/Cr (at TE = 135
ms) and myo-inositol (MI)/Cr were higher and N-acetylaspartate (NAA)/Cr (at TE = 135 ms)
and NAA/MI were lower in patients with MCI than in cognitively normal subjects only at 1.5 T.
MI/Cr and Cho/Cr were higher and NAA/Cr and NAA/MI were lower in patients with AD than
in cognitively normal subjects at both 1.5 and 3 T. Differentiation of patients with AD from
cognitively normal subjects by using the NAA/MI data was similar at both field strengths (P > .05).

CONCLUSION: With currently available technology, the diagnostic performance of '"H MR
spectroscopy in patients with MCI and those with AD was not better at 3 T than at 1.5 T.

With the integration of 3-T imagers into clinical prac-
tice, there is growing interest in the diagnostic per-
formance of proton ("H) MR spectroscopy at 3 T with
respect to the established magnetic field strength of
1.5 T (1). '"H MR spectroscopy performed at a higher
magnetic field strength has the advantages of higher
signal-to-noise ratio (SNR) and improved spectral
resolution. These gains are partially lost, however,
with the decrease in transverse relaxation times and
increase in magnetic susceptibility effects at higher
magnetic field strengths (2-5). Although theoretic
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advantages and disadvantages of '"H MR spectroscopy
at higher field strengths are well documented (2-5),
the diagnostic utility of "H MR spectroscopy at 1.5
and 3 T, to our knowledge, has not yet been com-
pared clinically in the same subject group.

Single-voxel "H MR spectroscopy from the poste-
rior cingulate gyri at 1.5 T is sensitive to the biochem-
ical changes in the brains of people with Alzheimer
disease (AD) and those with amnestic mild cognitive
impairment (MCI) (6, 7). The syndrome of MCI is
recognized as a transitional clinical state between
normal aging and AD (8, 9). Patients with MCI have
reduced memory efficiency compared with normally
aging elderly, and 80% of a cohort of MCI individuals
will have converted to AD by 6 years (10). Because
most patients with MCI ultimately develop dementia,
it is reasonable to regard neuroimaging findings that
are sensitive to the changes in the brains of people
with MCI as markers of early or “prodromal” AD
pathologic changes.

"H MR spectroscopy at 3 T theoretically should be
more sensitive than that at 1.5 T to the biochemical
changes in the brains of patients with MCI and AD
for two reasons: 1) Higher SNR at 3 T may increase
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the test-retest reproducibility of metabolite ratios
compared with that at 1.5 T, and 2) improved spectral
resolution at 3 T may allow quantitation of the me-
tabolites glutamine (Gln) and glutamate (Glu) thus
providing additional metabolic information not avail-
able at 1.5 T (11). On the basis of the theoretic
advantages of higher magnetic field strength, we hy-
pothesized that the diagnostic accuracy of 'H MR
spectroscopy for distinguishing among patients with
AD, those with MCI, and cognitively normal elderly
subjects would be better at 3 T than at 1.5 T.

Methods

Recruitment and Characterization

Twenty patients with probable AD, 20 with MCI, and 41
cognitively normal elderly subjects were recruited consecutively
from the Alzheimer Disease Research Center (ADRC)/Alzhei-
mer Disease Patient Registry (ADPR) at the Mayo Clinic
(Rochester, MN) (12) between February 2000 and October
2001. These are institutional review board-approved prospec-
tive longitudinal databases of aging and dementia, and in-
formed consent for participation is obtained from every subject
and/or an appropriate surrogate. A behavioral neurologist and
a neuropsychologist evaluated the individuals participating in
the ADRC/ADPR. All subjects underwent structural brain MR
imaging. Those with AD or MCI underwent laboratory testing,
including chest radiography, electrocardiography, chemistry
profile, complete blood cell count, thyroid function tests, vita-
min B-12 level, folic acid level, and syphilis serology. At the
completion of the evaluation, a consensus committee meeting
was held involving the behavioral neurologists, neuropsycholo-
gists, nurses, and the geriatrician who evaluated the subjects.
Subjects with structural abnormalities that could produce de-
mentia, cortical infarction, tumor, or subdural hematoma and
who had concurrent illnesses or treatments interfering with
cognitive function other than AD were excluded. Subjects were
not excluded for the presence of leukoaraiosis. Mini-Mental
State Examination (MMSE) (13) and Dementia Rating Scale
(DRS) (14) scores at the time of 'H MR spectroscopy exami-
nations were recorded in every subject.

Subjects who were classified as probable AD fulfilled the
Diagnostic and Statistical Manual of Mental Disorders, Revised
Third Edition (DSM-III-R) (15) criteria for dementia, and the
National Institute of Neurologic and Communicative Disorders
and Stroke/Alzheimer Disease and Related Disorders Associ-
ation (NINCDS/ADRDA) (16) criteria for AD.

The operational definition of MCI was clinical. Patients with
MCI were defined by the following characteristics: 1) subjective
memory complaint, 2) normal general cognitive function de-
termined by tests of general intellectual function, 3) normal
activities of daily living, 4) objective memory impairment, and
5) not demented (8). Cognitively normal subjects were defined
as individuals who 1) were independently functioning commu-
nity dwellers, 2) did not have active neurologic or psychiatric
conditions, 3) had no cognitive complaints, 4) had a normal
neurologic examination, and 5) were not taking any psychoac-
tive medications in doses that would impact cognition.

'H MR Spectroscopy

All subjects underwent single-voxel '"H MR spectroscopy at
both 1.5 and 3 T within a maximum period of 1 week. We also
performed '"H MR spectroscopy on a standard phantom for
quality control before each clinical study with both units. The
'H MR spectroscopy phantom contained the major brain me-
tabolites: N-acetylaspartate (NAA), creatine (Cr), choline
(Cho), myo-inositol (MI), lactate, and Glu. All "H MR spec-
troscopy studies were performed by using the automated sin-
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gle-voxel MR spectroscopy package (17) Proton Brain Exami-
nation/Single Voxel (PROBE/SV; GE Medical Systems,
Milwaukee, WI) with both 1.5- and 3-T units (Signa; GE
Medical Systems) equipped with bird-cage head coils. T1-
weighted images in sagittal and coronal planes were obtained
for localizing the '"H MR spectroscopy voxels. The point-re-
solved spectroscopy (PRESS) pulse sequence with TR of 2000
ms, 2048 data points, and 128 excitations was used for the
examinations. 'H MR spectroscopy voxels of 8 cm® (2 X 2 X 2
cm) were placed over the posterior cingulate gyri on a midsag-
ittal localizing image covering posterior cingulate gyri and in-
ferior precunei bilaterally (Fig 1).

We performed two "H MR spectroscopy acquisitions by
using TEs of 30 and 135 ms. A TE of 30 ms was chosen to
quantify metabolites with short transverse relaxation times
(M1, Glu, and Gln). A TE of 135 ms was chosen to decrease the
contamination of metabolite peaks with relatively longer trans-
verse relaxation times (NAA, Cr, and Cho) with underlying
broad resonances. NAA/Cr and Cho/Cr ratios were obtained
from acquisitions with TEs of 30 and 135 ms; MI/Cr and
NAA/MI ratios were obtained only from the acquisitions with
TE of 30 ms.

The preimaging algorithm of the PROBE software automat-
ically adjusted the transmitter and receiver gains and center
frequency. The local magnetic field homogeneity was opti-
mized with the three-plane auto-shim procedure with linear
gradient shimming, and the flip angle of the third water-sup-
pression pulse was adjusted for chemical shift water suppres-
sion (CHESS) before PRESS acquisition. Metabolite intensity
ratios of NAA, Cho, and MI were automatically calculated at
the end of each PROBE/SV acquisition. Glu + GIn/Cr and
Glu/Cr ratios were determined from the 1.5- and 3-T spectra
with TE of 30 ms by using the LCModel analysis software (18).
Separate model spectra were acquired for 1.5- and 3-T LC-
Model analyses. We did not include the data from Glu and Gln
peak ratios at 1.5 T and Glu/Cr at 3 T in the final analyses
because they could not be quantitated reliably nearly half the
time (SD of the estimated metabolite concentration was >
20%) (Fig 2). Because of the differences in metabolite ratio
coefficients of variation observed during interim analysis of the
data, we also recorded full-width at half-maximum (FWHM) of
the unsupressed water peak of the 'H MR spectra in the last 37
cases. We also recorded the Cr peak SNR in phantom exper-
iments, which was calculated by the PROBE software.

Statistical Analysis

Nonparametric statistics were used for the data that were
not normally distributed. Differences in age and education (in
years) among the three clinical groups were tested by means of
rank sum tests. Sex differences were tested by using x> tests.
Coefficients of variation were calculated for each metabolite
ratio from serial phantom studies and from the cognitively
normal subjects at both magnetic field strengths, and the coef-
ficients of variation were compared by using a two-sample ¢
statistic approximation (19). Rank sum tests were performed
for between-group comparisons of metabolite ratios. Receiver
operating characteristic (ROC) analysis was used to compare
the diagnostic accuracy of "H MR spectroscopy at 1.5 and 3 T
in patients with AD. The ¥ statistic was used to compare the
area under the two ROC curves (20). A P value of .05 or less
was considered to indicate a statistically significant difference.

Results

Demographic and clinical data of the study group
are listed in Table 1. Median ages of the cognitively
normal subjects, patients with MCI, and those with
probable AD were not significantly different (P >
.05). There was a statistically significant difference
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among male-to-female ratios in the cognitively nor-
mal group (17:24), patients with MCI (14:6), and
those with AD (7:13) (P < .001, »* test). Years of
education were not different among the three clinical
groups (P > .05). As expected, median MMSE and
DRS scores were higher in cognitively normal sub-
jects than in patients with MCI or AD and higher in
patients with MCI than in those with AD.

To assess interexamination variability, coefficients
of variation of metabolite ratios were calculated from
81 phantom studies performed on each MR unit dur-
ing the 20 months of the study period (Table 2).
Except for Cho/Cr, the coefficients of variation of all
metabolite ratios were lower at 1.5 T than at 3 T in
phantom studies (P < .01). To assess intersubject
variability, coefficients of variation of metabolite ra-
tios were calculated in 41 elderly cognitively normal
subjects at both magnetic field strengths. Although
the coefficients of variation of metabolite ratios from
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Fig 1. A, Midsagittal, B, axial, and C, coronal T1-weighted
images (700/14) show the location of the 8-cm?® posterior cingu-
late "TH MR spectroscopy voxel.

the posterior cingulate voxel were always lower at 1.5
T than at 3 T, only the coefficients of variation of
Cho/Cr ratios at 1.5 and 3 T were significantly differ-
ent (P < .05). FWHM of the unsupressed water peaks
from the posterior cingulate voxel with TEs of 135
and 30 ms and from the phantom studies with a TE of
30 ms are listed in Table 3. Although FWHM (in
hertz) would be expected to double at 3 T compared
with 1.5 T, FWHM values were consistently slightly
more than two times higher at 3 T than at 1.5 T. The
average Cr peak SNR in phantom studies with TE of
30 ms was 165 * 24 at 1.5 T and 203 = 34 at 3 T.
Table 4 lists the median and range of metabolite
ratios obtained from each clinical group, at 1.5 and 3
T. Because male-to-female ratios were different in
the three clinical groups, rank sum tests were per-
formed to test for differences in metabolite ratios
between men and women. We did not find any dif-
ference in the metabolite ratios of men versus those
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Fic 2. Examples of '"H MR spectra (2000/30) obtained at 3 T
(top) and at 1.5 T (bottom) from the posterior cingulate voxel.
Glu + GIn peak resonances are better resolved at 3 T than at 1.5
T. The resonance at 3.4 ppm that is more prominent in the 1.5-
than in the 3-T spectra is scyllo-inositol and/or taurine (3).

in women at either field strength (P > .05). Metabo-
lite ratios of patients with MCI were nearly always
in-between those of patients with AD and the cogni-
tively normal subjects, which matches the clinical
findings in MCIL.

At 1.5 T, MI/Cr (P = .019) and Cho/Cr ratios at TE
of 30 ms (P = .04) were higher and NAA/Cr at TE of
135 ms (P = .003) and NAA/MI (P = .004) were
lower in patients with MCI than in the cognitively
normal elderly subjects. When cognitively normal
subjects and patients with AD were compared at 1.5
T, MI/Cr (P < .001) and Cho/Cr ratios at TE of 30
and 135 ms (P = .041 and P = .025) were higher,
NAA/Cr at TE of 30 and 135 ms and NAA/MI (P <
.001 for all comparisons) were lower in patients with
AD than in the cognitively normal elderly. Comparing
patients with MCI and those with AD at 1.5 T re-
vealed lower NAA/Cr (P = .023) and NAA/MI (P =
.003) ratios in patients with AD.

At 3T, no difference was noted between the me-
tabolite ratios of patients with MCI and the cogni-
tively normal elderly, nor between patients with MCI
and those with AD (P > .05). The MI/Cr ratio was
higher (P = .041) and NAA/MI and NAA/Cr ratios at
TE of 30 and 135 ms were lower (P = .01 for all
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comparisons) in patients with AD than in cognitively
normal elderly subjects at 3 T. Although there was a
trend toward decreased Glu + GIn/Cr ratios from
normal to MCI to AD, there were no statistically
significant differences (for AD vs normal, P = .10)
among the three clinical groups. Furthermore, we did
not find any between-group differences in Glu/Cr
ratios.

ROC analysis was used to compare the diagnostic
accuracy of NAA/MI ratios in distinguishing patients
with AD from cognitively normal elderly at 1.5 and 3
T. NAA/MI was chosen because it combines NAA/Cr,
which was lower in patients with AD than in cogni-
tively normal subjects, and MI/Cr, which was higher
in patients with AD than cognitively normal subjects
at both 1.5 and 3 T. Areas under the two ROC curves
were 0.81 for 1.5 T and 0.70 for 3T, and they were not
significantly different EP = .1) (Fig 3). We did not
compare the ability of "H MR spectroscopy to distin-
guish patients with MCI from cognitively normal el-
derly subjects because none of the metabolite ratios
at 3 T were different when the two clinical groups
were compared.

Discussion

The incentive to perform '"H MR spectroscopy at
higher field strengths comes from the expectation
that the diagnostic sensitivity of '"H MR spectroscopy
to biochemical alterations in AD would increase with
improved SNR and spectral resolution at higher
fields. In theory, there is a linear relationship between
SNR and magnetic field strength. When Barker et al
(3) compared "H MR spectroscopy SNR at 1.5 and 3
T, improvement in SNR at short TE was only 28% at
3T, considerably less than the expected improvement
of 100%. We measured a similar increase in Cr peak
SNR of 23% at 3 T with respect to 1.5 T from
phantom studies. Lower-than-expected SNR at 3 T
may be attributed to shorter metabolite transverse
relaxation times and higher magnetic field inhomo-
geneity at 3 T than at 1.5 T (3). Prolonged longitudi-
nal relaxation at higher field strengths will cause some
signal intensity losses at 3 T with respect to 1.5 T.
Longitudinal relaxation of the '"H MR spectroscopy
metabolites even at 4 T, however, is shorter than the
TR we used (2). With a TR of 2 seconds, T1 weighting
of the resonances and Tl-related signal intensity
losses would be minimal.

Magnetic susceptibility effects are enhanced with
field strength, increasing the magnetic field inhomo-
geneity within the '"H MR spectroscopy voxel. This
effect, coupled with shorter transverse relaxation
times, translates to an increase in line width at 3T,
decreasing both the SNR and the accuracy of quan-
titative analysis of the '"H MR spectra. These field
strength—dependent differences in line width may in
part explain our test-retest reproducibility data. Co-
efficients of variation of metabolite ratios calculated
for interexamination variability from the phantom
and for intersubject variability from the posterior cin-
gulate voxel were nearly always higher at 3 T than at
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TABLE 1: Demographic and clinical data for the 81 subjects
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Cognitively MCI
Characteristic Normal (n = 41) (n = 20) AD (n = 20)
Age (y) 80 (61-97) 80 (64-91) 79 (66-94)
Years of education 12 (8-20) 13 (7-20) 15 (12-20)
MMSE score* 29 (26-30) 29 (25-30) 24 (17-29)

DRS score*

140 (130-143)

134 (123-143)

123 (96-135)

Note.—Except for M/F, data are the median. Numbers in parentheses are the range.

* Between-group differences were statistically significant (P < .05)

TABLE 2: Coefficients of variation (%) of metabolite ratios obtained from the phantom and from the posterior cingulate voxel in the cognitively

normal elderly subjects, at 1.5 and 3 T

Phantom Posterior Cingulate Voxel
(n = 81) (n = 41)

Ratio TE (ms) 15T 3T 15T 3T
NAA/Cr 135 - - 7 9
Cho/Cr 135 - - 12 13
NAA/Cr 30 1.4* 1.9 5 6
Cho/Cr 30 1.4 1.3 10+ 14
MI/Cr 30 2.8% 5.1 11 14
NAA/MI 30 3.6% 5.5 13 14
Glu + Gln/Cr 30 - - - 16
Glu/Cr 30 - 5.3 - 15

* P < .01 for comparison of coefficients of variation from the phantom at 1.5 with those at 3 T by using a two-sample ¢ statistic approximation.
F P < .05 for comparison of coefficients of variation from the posterior cingulate voxel at 1.5 with those at 3 T by using a two-sample ¢ statistic

approximation.

TABLE 3: Average FWHM of the unsuppressed water peak at 1.5 and 3 T

Field Phantom, TE = 30 ms PC Voxel, TE = 135 ms PC Voxel, TE = 30 ms
Strength (n = 37) (n =37) (n =37)
15T 1.99 2.94 4.07
3T 4.23 7.97 9.63
Note.—Data are in hertz. PC indicates posterior cingulate.
TABLE 4: Metabolite ratios from the posterior cingulate voxel in the 81 subjects, at 1.5 and 3 T
15T 3T
Cognitively Cognitively
Normal MCI AD Normal MCI AD
Ratio TE (n = 41) (n = 20) (n = 20) (n = 41) (n = 20) (n = 20)
NAA/Cr 135 1.77 (1.55-2.10)  1.69* (1.45-1.80) 1.657 (1.37-1.9) 1.53 (1.22-2.15) 1.49 (1.32-1.81)  1.47% (1.13-1.61)
Cho/Cr 135 0.81(0.53-0.99) 0.87 (0.72-0.98)  0.86% (0.72-1.06) 0.70 (0.56-1.01) 0.68 (0.53-0.83) 0.66 (0.55-0.81)
NAA/Cr 30 1.57(1.39-1.71) 1.51 (1.35-1.66)  1.44% (1.22-1.60) 1.50 (1.27-1.72) 1.45 (1.31-2.27)  1.40% (1.23-1.81)
Cho/Cr 30 0.64(0.56-0.77)  0.68% (0.58-0.80)  0.68% (0.56-0.84) 0.63 (0.48-0.95) 0.62 (0.53-0.81) 0.65 (0.49-0.79)
MI/Cr 30 0.66(0.50-0.82)  0.70% (0.59-0.78)  0.74* (0.51-0.85) 0.52 (0.38-0.66) 0.51 (0.36-0.66)  0.56% (0.36-0.73)
NAA/MI 30 2.40(1.88-3.26)  2.22* (1.96-2.51)  2.017 (1.48-2.84) 2.88 (2.29-3.95) 2.83(2.02-4.19)  2.63% (1.71-3.89)
Glu + GIn/Cr 30 - - - 2.03 (1.46-2.62) 1.91 (1.45-2.28) 1.84 (1.34-2.46)

Note.—Data are the median. Numbers in parentheses are the range.
* P < .01 for comparison of ratios in patients with MCI or AD with those of cognitively normal subjects by using the rank sum test.
F P < .001 for comparison of ratios in patients with MCI or AD with those of cognitively normal subjects by using the rank sum test.
+ P < .05 for comparison of ratios in patients with MCI or AD with those of cognitively normal subjects by using the rank sum test.

1.5 T. Statistically significant greater interexamina-
tion variability was found at 3 T than at 1.5 T for
NAA/Cr, MI/Cr, and NAA/MI ratios, and greater
intersubject variability was observed only for Cho/Cr.

Another explanation for higher interexamination

variability of the MI/Cr ratio at 3 T than at 1.5 T may
be that the MI peak is a pseudosinglet at 1.5 T and
multiplet at higher field strengths such as 4 T. A
recent report described divergent results for intersub-
ject variability at 4 versus 1.5 T: variability was less for
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Fic 3. ROC curves comparing the NAA/MI ratios to differenti-
ate patients with AD from cognitively normal elderly subjects, at

1.5 T (dotted line) and at 3 T (straight line). There is no significant
difference between the areas under the two ROC curves (P = .1)

NAA, Cr, and Cho peak measurements and more for
MI at 4 T than at 1.5 T (21). It is possible that
quantitation of the MI peak would be subject to more
error at 3 T than at 1.5 T owing to peak splitting.
However, our data showed the intersubject variability
of MI/Cr and NAA/MI ratios was equivalent or non-
significantly greater at 3 T than at 1.5 T. Therefore,
we cannot attribute test-retest reproducibility differ-
ences at 1.5 versus 3 T solely to MI peak quantitation
errors.

In patients with MCI, MI/Cr and Cho/Cr ratios
were higher and the NAA/MI ratio was lower than
those ratios in the cognitively normal subjects, with
TE of 30 ms at 1.5 T. Although a similar trend was
observed at 3 T, no statistically significant differences
were noted in metabolite ratios between patients with
MCI and the cognitively normal elderly subjects. This
difference at two field strengths may be explained by
the higher intersubject variability observed at 3 T
than at 1.5 T, resulting in a higher degree of overlap
in the metabolite ratios of patients with MCI and
those of the cognitively normal subjects at 3 T than at
1.5 T. Statistically significant differences were noted
in NAA/Cr, MI/Cr, Cho/Cr, and NAA/MI ratios of
cognitively normal subjects and patients with AD at
both 1.5 and 3 T, and ROC analysis with NAA/MI
ratios revealed that the diagnostic accuracy of '"H MR
spectroscopy to distinguish patients with AD from
cognitively normal subjects was similar at 3 and at 1.5
T. Higher sensitivity to field inhomogeneity and
shorter metabolite T2 relaxation times at 3 versus 1.5
T are the most logical explanations for the diagnostic
accuracy of '"H MR spectroscopy in AD not being
higher at 3 T than at 1.5 T (22).

A diagnostic advantage of '"H MR spectroscopy at
3 T in AD was superior spectral resolution. It was
possible to consistently quantify Glu + GIn/Cr and
GIn/Cr at 3 T, which was not possible at 1.5 T. The
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Glu + GIn/Cr ratio has been previously shown to be
lower in patients with AD than in cognitively normal
elderly subjects (11, 23). Although we did not find any
statistically significant between-group differences in
Glu + GIn/Cr ratios, there was a trend of a decrease
in ratios from cognitively normal to MCI to AD. The
reason for this difference between results of previous
studies and our findings may be that the patients with
AD in our study consisted of individuals with only
mild to moderate AD. The downward trend of the
Glu + GIn/Cr ratio from cognitively normal to MCI
to AD in our data suggests that a statistically signifi-
cant difference might be found if patients with more
severe AD were studied (11).

We chose to place the 'H MR spectroscopy voxel
over the posterior cingulate gyri and precunei be-
cause in a previous study diagnostic accuracy in MCI
and AD from the posterior cingulate voxel was better
than that in other regions in the brain, such as supe-
rior temporal lobe and medial occipital lobe (6). Pos-
terior cingulate gyrus is a limbic cortical region that is
affected relatively early in the pathologic progression
of the disease (24). Furthermore, decreases in poste-
rior cingulate gyrus glucose metabolism on positron
emission tomographic images have been encountered
both in patients with AD and also in cognitively nor-
mal subjects who are at genetic risk of developing AD
(25, 26). The posterior cingulate voxel included the
inferior precuneus, from which the highest rates of
atrophy have been measured in patients with mild AD
by using fluid-registered serial MR imaging (27).
From a pathologic standpoint alone, another attrac-
tive region to study would have been the anterome-
dial temporal lobe, including hippocampus and ento-
rhinal cortex, because these structures are the site of
earliest pathologic changes in AD (24). However, we
were unable to consistently obtain technically satis-
factory quality spectra from this region owing to the
proximity of magnetic susceptibility artifacts created
by the tissue-air interface near the petrous bone (6).
The location of the posterior cingulate voxel was
relatively free of air-bone-brain interface susceptibil-
ity problems.

Conclusion

'H MR spectroscopy at 1.5 T is sensitive to the
biochemical changes in people with MCI. This is a
significant finding because most individuals with MCI
develop AD in time, and we can safely conclude that
'H MR spectroscopy at 1.5 T is diagnostically sensi-
tive during the prodromal phase of AD. 'H MR
spectroscopy therefore is potentially valuable not only
from the standpoint of early diagnosis of AD, but also
as a potential marker of therapeutic efficacy for pre-
ventive drug trials in AD. The diagnostic accuracy of
"H MR spectroscopy to distinguish patients with AD
from cognitively normal subjects is not higher at 3 T
than at 1.5 T, using the commercially available tech-
nology currently provided by the manufacturer. The
primary advantage of 3 over 1.5 T is consistent quan-
titation of Glu + GIn/Cr and GIn/Cr ratios. The
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advantages of 3 T are offset, however, by the sensi-
tivity of 3 T to field inhomogeneity. Improving field
homogeneity within the voxel may hellp to achieve
optimum diagnostic performance from "H MR spec-
troscopy at 3 T in patients with AD. One way of
improving field homogeneity is regionally selective
higher order shimming over the '"H MR spectroscopy
voxel, which has been beneficial in other 3-T MR
applications such as MR angiography (1) and was not
available for our study. 'H MR spectroscopy with
1.5-T systems has matured over the time these sys-
tems have been used in clinical practice. It is reason-
able to expect the diagnostic performance of '"H MR
spectroscopy at 3 T to improve as the flexibility of the
shimming software improves and as other engineering
advances geared toward clinical imaging at field
strengths higher than 3 T become commercially avail-
able.

Acknowledgments

The authors acknowledge Matthew A. Bernstein, PhD, and
Joel P. Felmlee, PhD, for technical assistance.

References

1. Bernstein MA, Huston J III, Lin C, Gibbs GF, Felmlee JP. High
resolution intracranial and cervical MRA at 3.0T: technical con-
siderations and initial experience. Magn Reson Med 2001;46:955—
962

2. Hetherington HP, Pan JW, Chu WJ, Mason GF, Newcomer BR.
Biological and clinical MRS at ultra-high field. NMR Biomed
1997;10:360-371

3. Barker PB, Hearshen DO, Boska MD. Single-voxel proton MRS of
the human brain at 1.5T and 3T. Magn Reson Med 2001;45:765-769

4. Gruetter R, Weisdorf SA, Rajanayagan V, et al. Resolution im-
provements in in vivo '"H NMR spectra with increased magnetic
field strength. J Magn Reson 1998;135:260-264

5. Gonen O, Gruber S, Li BSY, Mlynarik V, Moser E. Multivoxel 3D
proton spectroscopy in the brain at 1.5 versus 3.0 T: signal-to-noise
ratio and resolution comparison. AJNR Am J Neuroradiol 2001;22:
1727-1731

6. Kantarci K, Jack CR, Xu YC, et al. Regional metabolic patterns in
mild cognitive impairment and Alzheimer’s diseasez: a 'H MRS
study. Neurology 2000;55:210-217

7. Catani M, Cherubini A, Howard R. '"H MR spectroscopy differen-
tiates mild cognitive impairment from normal brain aging. Neuro-
report 2001;12:2315-2317

8. Petersen RC, Smith GE, Waring SC, Ivnik RJ, Tangalos EG,
Kokmen E. Mild cognitive impairment: clinical characterization
and outcome. Arch Neurol 1999;56:303-308

9. Petersen RC, Stevens JC, Ganguli M, Tangalos EG, Cummings JL,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

1.5 VERSUS 3-T MR SPECTROSCOPY 849

DeKosky ST. Practice parameter: early detection of dementia—
mild cognitive impairment (an evidence-based review). Report of
the Quality Standards Subcommittee of the American Academy of
Neurology. Neurology 2001;56:1133-1142

Petersen RC, Doody R, Kurz A, et al. Current concepts in mild
cognitive impairment. Arch Neurol 2001;58:1985-1992

Hattori N, Abe K, Sakoda S, Sawada T. Proton MR spectroscopic
study at 3 Tesla on glutamate/glutamine in Alzheimer’s disease.
Neurochemistry 2002;13:183-186

Petersen RC, Kokmen E, Tangalos E, Ivnik RJ, Kurland LT. Mayo
Clinic Alzheimer’s Disease Patient Registry. Aging 1990;2:408-415
Folstein MF, Folstein SE, McHugh PR. “Mini Mental State ”: a
practical method for grading the cognitive state of patients for the
clinician. J Psychiatr Res 1075;12:189-198

Mattis S. Dementia Rating Scale: Professional Manual. Odessa, FL:
Psychological Assessment Resources Inc; 1988

American Psychiatric Association. DSM-III-R. Diagnostic and sta-
tistical manual of mental disorders. 3rd ed, revised. Washington, DC:
American Psychiatric Association;1987

Mc Khann GM, Drachman D, Folstein M, Katzman R, Price D,
Stadlan EM. Clinical diagnosis of Alzheimer’s disease: report of
the NINCDS-ADRDA work group under the auspices of the De-
partment of Health and Human Services Task Force on Alzhei-
mer’s Disease. Neurology 1984;34:939-944

Webb PG, Sailasuta N, Kohler SJ, Raidy T, Moats RA, Hurd RE.
Automated single-voxel proton MRS: technical development and
multisite verification. Magn Reson Med 1994;31:365-373
Provencher SW. Estimation of metabolite concentrations from lo-
calized in vivo proton NMR spectra. Magn Reson Med 1993;30:672—
679

Sokal RR, Rohlf FJ. Biometry. 2nd ed. New York: WH Freeman &
Co; 1981:859

DeLong ER, DeLong EM, Clarke-Pearson DL. Comparing the
areas under two or more correlated receiver operating character-
istic curves: a nonparametric approach. Biometrics 1988;44:837—
845

Chang L, Zhong K, Carasig D, Zimmerman L, Ernst T. Proton
MRS in HIV patients at 4 Tesla (abstr). In: Proceedings of the 10th
Meeting of the International Society for Magnetic Resonance in Med-
icine 2002. Berkeley, Calif: International Society for Magnetic Res-
onance in Medicine, 2002;986

Tkac I, Andersen P, Adriany G, Merkle H, Ugurbil K, Gruetter R.
In vivo 'H NMR spectroscopy of the human brain at 7T. Magn
Reson Med 2001;46:451-456

Antuono PG, Jones JL, Wang Y, Li SJ. Decreased glutamate +
glutamine in Alzheimer’s disease detected in vivo with "H-MRS at
0.5T. Neurology 2001;56:737-742

Braak H, Braak E. Neuropathological staging of Alzheimer’s dis-
ease. Acta Neuropathol (Berl) 1991;82:239-259

Minoshima S, Giordani B, Berent S, Frey KA, Foster NL, Kuhl DE.
Metabolic reduction in the posterior cingulate cortex in very early
Alzheimer’s disease. Ann Neurol 1997;42:85-94

Reiman EM, Caselli RJ, Yun LS, et al. Preclinical evidence of
Alzheimer’s disease in persons homozygous for the € 4 allele for
apolipoprotein E. N Engl J Med 1996;334:752-758

Scahill RI, Schott JM, Stevens JM, Rossor MN, Fox NC. Mapping
the evolution of regional atrophyin Alzheimer’s disease: unbiased
analysis of fluid-registered serial MRI. Proc Natl Acad Sci U S A
2002;99:4703-4707



