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Abstract

At the high field strength of 7 T, in vivo spectra of the human brain with exceptional spectral
quality sufficient to quantify sixteen metabolites have previously been obtained only in the
occipital lobe. However, neurochemical abnormalities associated with many brain disorders are
expected to occur in brain structures other than the occipital lobe. The purpose of the present study
was to obtain high quality spectra from various brain regions at 7 T and to quantify the
concentrations of different metabolites. To obtain concentrations of metabolites within four
different regions of the brain such as occipital lobe, motor cortex, basal ganglia, and cerebellum,
the 75 relaxation times of the singlets and J-coupled metabolites in these regions were measured
for the first time at 7 T. Our results demonstrate that high quality, quantifiable spectra can be
obtained in regions other than the occipital lobe at 7 T utilizing a 16-channel transceiver coil and
Bt shimming.
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Introduction

Proton Magnetic Resonance Spectroscopy (\H MRS) provides a noninvasive way to
investigate in vivo neurochemical abnormalities of many brain disorders. Each observable
metabolite can potentially provide unique information about brain biochemistry and be a
biomarker for brain disorders to facilitate diagnosis and treatment. MRS data can be
obtained using either chemical shift imaging (CSI) or single-voxel localization. In general,
CSI data are usually acquired within a slice and allow the quantification of a limited number
of metabolites (up to eight) (1-4). Three-dimensional (3D) CSI acquisitions at 3 T enabled
the detection of five metabolites (5). Previous 3D CSI acquisitions performed at 7 T had a
limited spatial coverage and five metabolites were detected without the ability to distinguish
between glutamate and glutamine (6, 7). On the other hand, single-voxel data can be
potentially obtained from any brain region, and up to sixteen metabolites can be quantified
(8, 9). At the high field strength of 7 T, exceptional spectral quality that allows for the
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quantification of sixteen metabolites has been previously obtained in occipital lobe (8—12).
However, neurochemical abnormalities for many brain disorders are expected to occur in
brain regions other than the occipital lobe.

Previous single-voxel 7 T studies that measured sixteen different neurochemicals used
localization techniques with short echo time (6 ms in STEAM (8) and SPECIAL (9)). The
absolute quantification when using these techniques is straightforward since there is no need
to consider Jevolution and 75 relaxation. An alternative single-voxel technique is a fully-
adiabatic spin-echo localization by adiabatic selective refocusing (LASER) (13) sequence,
which is a single-shot sequence that generates very sharp localization edges without the need
for outer-volume suppression. The adiabatic full passage (AFP) pulses used in LASER are
robust to radio frequency (RF) field changes, which makes them very advantageous at high
fields where Bj inhomogeneity is problematic. The available peak RF power also does not
limit the bandwidth which minimizes the voxel displacement. However, LASER tends to
require a relatively long echo time. To shorten the echo time, the adiabatic half passage
(AHP) pulse and one pair of AFP pulses can be replaced with a single slice selective pulse
(14, 15). Even with that replacement, the echo time is much longer than 6 ms used in the
STEAM or SPECIAL sequences. To obtain absolute concentrations of metabolites from
spectra obtained at longer echo times, the knowledge of both the J-modulation and 75
relaxation times is required. The 73 relaxation times at 7 T have been reported previously
for the methyl protons of N-acetylaspartate (NAA) and the methyl protons of total creatine
(creatine + phosphocreatine, tCr) (10, 16).

The measurement of 75 for J~coupled metabolites is more difficult as their signal intensity is
decreased with echo time and their spectral pattern changes due to J-evolution. For reliable
7> measurements, the signal changes due to J-modulation need to be taken into account by
simulating the spectral pattern at each time. Additional complications arise from the overlap
of resonances from different molecules and macromolecule contributions. Recently, 75
relaxation times of J-coupled cerebral metabolites in rat at 9.4 T were obtained using
simulated echo time ( 7g) specific basis sets and LCModel analysis (17). Excellent fits were
obtained when each metabolite was considered as one component except for NAA and tCr
which were split into NAA methyl and aspartate moieties, and CH3 and CH; groups,
respectively suggesting that correct prior knowledge was used to perform the analysis.

The aim of the present study was to investigate the efficacy of using the LASER sequence to
obtain high quality 7 T spectra from brain regions other than occipital lobe, to measure 75
relaxation times in different brain regions of the singlets and J-coupled metabolites, and to
quantify concentrations of metabolites in different brain regions. The obtained results show
that high quality, quantifiable spectra can be obtained in vivoat 7 T in regions of the brain
other than the occipital lobe.

Experimental

Subjects

Healthy, normal volunteers (n=23, 12 M, 11 F, age: 23 + 4 years) were studied after giving
informed consent according to the procedures approved by the Institutional Review Board of
the University of Minnesota Medical School.

MR Acquisition

In vivo data were obtained on a 7-T, 90-cm horizontal bore magnet (Magnex Scientific Inc.,
Oxford, UK) interfaced with a Siemens TIM console (Siemens, Erlangen, Germany). The
magnet was equipped with a gradient coil capable of reaching 40 mT/m in 200us. A 16-
channel transmission line head array RF coil (18) was used to transmit and receive. The
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transmit phase of each coil channel was controlled with independent 1 kW RF amplifiers
(CPC, Brentwood, NY, USA). A RF power monitoring system measured forward and
reflected power for each channel to ensure that local specific absorption rate remained below
3 W/kg.

Turbo spin echo (TSE) images (repetition time, 7 = 3 s, echo time, 7= 95 ms, field-of-
view, FOV = 26 x 26 cm?2, matrix = 256 x 256, slice thickness = 1.5 mm, 66 slices,
acquisition time = 4 min) were acquired with a 22.5° RF transmit phase difference between
adjacent elements (standard transmit phases) to select the volumes of interest (VOI) in
occipital lobe (OC, 2.7 x 2.7 x 2.7 cm?), motor cortex (MC, 2 x 2 x 2 cm?), basal ganglia
(BG, 1.5 x 4 x 1.5 cm3), and cerebellum (CR, 2.5 x 2.5 x 2.5 cm?). The occipital VOI was
positioned symmetrically within the occipital lobes of both hemispheres. The motor cortex
VOI was centered on the hand knob, which corresponds to the primary motor cortex of the
upper limb representation (19). The basal ganglia VOI was positioned in the lentiform
nucleus and therefore included the putamen and globus pallidus. The cerebellar VOI was
placed symmetrically about the midline and mainly included the cerebellar vermis.

Low flip angle gradient echo images were acquired for B;* shimming by pulsing RF power
through one channel at a time and receiving the signal with all 16 channels (7g = 60 ms, Tg
=3.6 ms, FOV = 168 x 256 cm?2, nominal flip angle = 15°, slice thickness = 4 mm, total
acquisition time = 2.5 min). For each voxel, the B;* phase was optimized based on a
previously published algorithm (20). A set of transmit phases determined by B;* shimming
improved transmit efficiency by a factor of 2 + 0.5 (mean and standard deviation) in the
occipital lobe, 1.31 + 0.09 in the motor cortex, 1.35 + 0.04 in the basal ganglia, and 3 £ 1 in
the cerebellum when compared to standard transmit phases.

All spectra were acquired using a LASER sequence in which the AHP pulse and two AFP
pulses were replaced with a slice-selective 90° Hamming-filtered sinc pulse (14, 15), a pulse
length of 1.52 ms and a bandwidth of 5.84 kHz. The two other dimensions were selected
with a pair of hyperbolic secant pulses, HS1 (13, 21, 22), with a pulse length 7}, of 5.12 ms
and a bandwidth of 3.92 kHz. Each voxel measurement began with a calibration of the
localized B;* field strength and an adjustment of the first- and second-order shims using
FAST(EST)MAP (23, 24). The water suppression module consisted of variable power and
optimized relaxation delays (VAPOR) and outer volume suppression (OVS) (25) in the
direction of slice excitation only. These modules were adapted for the human 7 T system
and incorporated prior to the excitation pulse in LASER. The repetition time was 4.5 s.

Each free induction decay (FID) was acquired with 2048 complex points using a spectral
width of 4 kHz. FIDs were stored separately in memory and then frequency and phase
corrected based on either the NAA signal at 2.01 ppm or the tCr signal at 3.03 ppm prior to
summation.

For the 7, measurement, the echo time was extended by adding delays around the last AFP
pulse in the sequence, and the spectra were collected at six echo times: 35, 70, 105, 140,
175, 210 ms. For all echo times, 64 averages were acquired. Macromolecular (MM) spectra
were acquired using the inversion recovery technique (26) (7g =2 s, Tir = 900 ms, number
of scans (Ng) = 1920 (7 = 35 ms), Ng = 1664 (T = 70), Ng = 1664 (7 = 105 ms), and Ng
=512 (7g = 140 ms)) in the occipital lobe of five subjects for all 7g’s except 175 and 210
ms where the MM signal was very weak. For assessing regional differences in metabolite
concentrations, spectra were acquired with an echo time of 35 ms and 128 averages.
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Spectral Fitting

The acquired spectra were analyzed using LCModel 6.1-4A (27, 28) (Stephen Provencher,
Inc., Oakville, Ontario, Canada), which calculates the best fit of the experimental spectrum
as a linear combination of model spectra. The basis set for LCModel was generated using
home-written programs based on the density matrix formalism (29) in Matlab (The
MathWorks, Inc., Natick, MA, USA) using the known chemical shifts and J~couplings (30,
31). In addition, a small signal was added at O ppm in all basis spectra for automatic
frequency referencing. The simulated spectra of the following twenty one metabolites were
included in the basis set for LCModel: alanine (Ala), ascorbate (Asc), aspartate (Asp),
creatine (Cr), y-aminobutyric acid (GABA), glucose (Glc), glutamine (Gln), glutamate
(Glu), glycerophosphorylcholine (GPC), glycine (Gly), glutathione (GSH), lactate (Lac),
mpyo-inositol (mlns), NAA, N-acetylaspartylglutamate (NAAG), phosphocreatine (PCr),
phosphorylcholine (PCho), phosphorylethanolamine (PE), scy/lo-inositol (sIns), taurine
(Tau) and threonine (Thr). Three metabolites, NAA, Cr, and PCr, were separated into
different moieties, and independent spectra for the singlet (CH3 group, sSNAA) and the
multiplet (CH, group, mNAA) of NAA and the singlet of the CH3 and CH, groups of tCr
were included in the basis set. No baseline correction, zero-filling or line broadening were
applied to the in vivo data prior to the analysis.

The experiment MM spectrum (average from five subjects) from occipital region at each 7g
was included in the basis set, except for 7g of 175 and 210 ms. The methylene protons peak
of tCr at 3.93 ppm was present in the MM spectra due to a shorter 77 relaxation time (26)
and was removed in the time domain using the HSVD Lanczos algorithm from MRUI 99.2b
(32). The LCModel fitting was performed over the spectral range from 0.5 to 4.2 ppm.

Signal to Noise Ratio Calculation

T, fitting

Signal to noise ratios (SNR) for various metabolites were calculated using prior knowledge
and taking the ratio of the maximum signal for the particular metabolite minus baseline over
root mean square of the noise measured between 0.2 and 0.4 ppm. No line-broadening was
applied.

The 75 values of various metabolites were determined by fitting the concentrations obtained
from an LCModel analysis (without water scaling) using a two parameter mono-exponential
decay function with a non-linear least square algorithm (nlinfit) in Matlab. The goodness of
fit was evaluated using corrcoef function in Matlab which returns p values for testing the
hypothesis of no correlation. If the p value is small, then the correlation is significant.

Quantification

Quantification was obtained using the unsuppressed water signal obtained from the same
voxel (33). Concentrations were corrected for cerebrospinal fluid (CSF) content. The tissue
composition was measured using TSE images, which were segmented into gray matter
(GM), white matter (WM) and CSF content using the segmentation function of SPM§
software (www fil.ion.ucl.ac.uk/spm). The fractional volumes of GM, WM and CSF were
obtained by averaging the gray/white and CSF segmented images over the spectroscopic
voxel. The relative densities of MR-visible water for GM, WM, and CSF were assumed to
be 0.78, 0.65, 0.97 (34), respectively. The 77 and 73 relaxation times of water used in the
calculation of the attenuation factors were taken from published reports (77(GM) = 2130 ms,
Ti(WM)= 1220 ms, 71(CSF) = 4425 ms (35); T5(GM) = 50 ms, 75(WM) = 55 ms, 7(CSF)
= 141 ms (36)). The water attenuation was computed using the fractional volume of each
compartment. For the basal ganglia voxel, the values of 1523 ms for 77 and 41.2 ms for 75
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of water were used based on the previously reported 7] values of water in putamen and
globus pallidus (35) and 7, measured in this study (Table 1), respectively. For the
cerebellum, the value of 48 ms was used for 7} of water (Table 1). The 77 relaxation for the
metabolites was not taken into consideration as an attenuation factor since this would be
very small due to the use of repetition time of 4.5 s. The 75 of the metabolites obtained in
this study were used. The 75’s of the metabolites which we were unable to measure were
assumed to be similar to that of mins (37), while Gln and NAAG were considered to have
similar 75 values as Glu and the singlet of NAA, respectively.

The criteria for selecting reliable metabolite concentrations were based on the Cramér-Rao
lower bounds (CRLB), which are estimates of the %SD of the fit for each metabolite (27).
Only results with a CRLB <50% were included in the analysis. Concentrations with CRLB
> 50% were classified as not detected. If the covariance between two metabolites was
consistently high (correlation coefficient < —0.5), such as was found for Cr and PCr, their
sum was reported.

Statistical Analysis

Statistical analysis was conducted using SAS Software for Windows (version 9.1, SAS
Institute, Cary, NC). One-way analysis of variance (ANOVA) with a Tukey post hoc test
was used to compare the 75 relaxation times and the concentrations at each location for each
metabolite. This is appropriate because a different set of subjects was used to estimate
concentrations and relaxation times and thus the four regions represent four independent
groups. A two-sample paired t-test was used to compare the 75 relaxation times between
SNAA and mNAA, and between tCr at 3.03 ppm and 3.93 ppm. The paired t-test was used to
account for the correlation between two moieties of the same metabolite from the same
subject.

Results and Discussion

Spectral Quality

In Figure 1, boxes drawn on the 7>-weighted images of a human brain obtained at 7 T show
the position and size of the localized volumes from where the spectra were acquired. Voxels
of different sizes were placed over the occipital lobes in both hemispheres, the primary
motor cortex of the upper limb representation, the basal ganglia in lentiform nucleus and the
cerebellum. The spectra shown in Figure 1 are representative of the quality consistently
obtained using a modified LASER sequence in this study.

The spectra were of very high quality without any contamination from signals outside the
voxel such as the lipid signal which suggested that the modified LASER sequence was very
efficient in suppressing signals from outside of the voxels. Similar linewidths of water (13 +
1Hzin OC, 11 £2Hzin MC, 14 £ 1 Hzin CR, and 21 + 4 Hz in BG) and tCr (12 £ 2 Hz in
OC, 12+ 1 Hzin MC, 11 £ 1 Hz in CR, and 22 + 2 Hz in BG) were obtained in all regions
except for the basal ganglia. The linewidths of water and total creatine were very similar to
each other in all voxels. In the basal ganglia, it turned out to be more difficult than in other
regions to achieve good field homogeneity by localized shimming, possibly due to the
heterogeneity of the tissue included in the voxel. The variation of the signal-to-noise ratio in
these four spectra is mainly due to the differences in the voxel size and linewidths.
Additionally, the residual of the basal ganglia spectrum has uneven noise due to poorly
spoiled water signal. The spectral quality was degraded in the basal ganglia region due to a
10 Hz linewidth difference between the spectra obtained in the basal ganglia and other
regions. Excellent water suppression was also consistently achieved, as illustrated by the
small water residual observed in all subjects (data not shown) and by the flat baseline
(Figure 1).
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It was possible to obtain these spectra due to our ability to control the amount of available
Byt over a particular region of interest using local B;* shimming (20). Figure 2
demonstrates the gain in transmit B obtained after local B;* shimming. With the standard
phase arrangement, the most efficient transmission was at the center of the brain, but even
for the two voxels located relatively close to the center of the brain, motor cortex and basal
ganglia, the gain in the transmit efficiency was significant (~1.3). The biggest gain in
transmit efficiency was observed for the voxels located in the periphery such as in the
cerebellum and occipital lobe.

T> Relaxation Times

Figure 3 shows the quality of representative spectra obtained from the occipital lobe at
different echo times from one volunteer. The singlet resonances become smaller with
increasing echo time while the multiplet resonances undergo J/ modulation. The
macromolecule resonances (especially visible between 0.5 and 1.9 ppm) also undergo J
evolution, which can be clearly seen from the inversion of the macromolecular resonances in
the spectrum acquired at an echo time of 105 ms. Due to their short 75 and scalar coupling,
macromolecular resonances decrease as a function of echo time, and after 140 ms, these
signals are below the thermal noise level. As a result, long echo time spectra are
characterized by a flat baseline in the region between 0.5 and 1.9 ppm. In acquiring the
macromolecular spectra, the decreased relative contribution of macromolecular signals to
the overall spectrum allowed the number of averages to be reduced as the echo time
increased without having an affect on the quality of the fits.

The SNR for tCr at 3.03 ppm as a reference and J-coupled metabolites are reported in Table

2 for the data displayed in Figure 3. The SNR for J-coupled metabolites reflects the effect of
both 7 relaxation and Jevolution. The lowest SNR values of 1.95 for GSH and 3.8 for Tau

demonstrate that these metabolites can be readily detected at all echo times.

The mean values and standard deviations (SDs) for the 7; values of water and metabolites
measured at 7 T in four brain regions are listed in Table 1. The mean R? values, which
indicate the accuracy of the exponential fits, are also listed in Table 1. The relative SDs were
typically 5% to 10%, but were larger for the aspartyl resonances of NAA (mNAA) in all the
brain regions, for all metabolites in the basal ganglia, for slns, Tau and GSH resonances in
the cerebellum, and for the mlns and Tau resonances in the motor cortex. Additionally, the
goodness of fit was evaluated and p values are reported in Table 1. All p values were below
0.04 except for mNAA in cerebellum and GSH in motor cortex which suggested that good
quality fits were obtained for all metabolites in all regions except for those four cases.

The 75 relaxation times of water were the same in all voxels except for the basal ganglia
where it was significantly shorter. The 75 value obtained for water in the relatively large
occipital lobe voxel containing GM, WM, and CSF was within the standard deviation of the
T, previously measured in the GM and slightly shorter than average value plus the standard
deviation of the 75 previously measured in the WM with LASER at 7 T (36).

The 75 values for sNAA ranged from 130 to 191 ms in different brain regions. In the
occipital lobe and the basal ganglia, 75’s of SNAA were the same and were significantly
shorter than in the motor cortex and the cerebellum. In this study, the 75 value obtained in
the occipital lobe was in agreement with the lower end of the published 73 range (10, 16).

The 75 values for the methyl protons of tCr ranged from 90 to 131 ms in different brain
regions. They were the same in the occipital lobe and the basal ganglia, but significantly
longer in the cerebellum. In the motor cortex, the 7> value for the tCr peak at 3.03 ppm was
not significantly different from that found in the cerebellum and the occipital lobe, but it was
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significantly longer than that found in the basal ganglia. The measured 75 relaxation time for
tCr (CHj peak) in the occipital lobe, 95 + 3 ms, was within a standard deviation of
previously measured values at 7 T (10, 16).

Other relaxation times reported in Table 1 for both singlets and J-coupled metabolites were
measured for the first time at 7 T in human brain. The 75 value for nNAA was significantly
shorter in the occipital lobe region (p = 0.006) than for SNAA while there was no significant
difference between the 7; values of SNAA and mNAA in the basal ganglia and the
cerebellum. In the motor cortex, a tendency for the 7, of mNAA to be shorter (p = 0.096)
than the 75> of SNAA was observed. It has been previously reported that there is a significant
difference between 7 relaxation times of SNAA and mNAA in the parieto-occipital lobe
(38). In that study and this study, the signal of mNAA decayed faster than the SNAA signal.
Additionally, a significant difference in the relaxation times for sSNAA and mNAA has been
reported in rat brain at 9.4 T (17).

The 75 values for the tCr peak at 3.93 ppm ranged from 81 to 108 ms and were significantly
shorter than that found for the 3.03 ppm singlet in the occipital lobe (p = 0.0023) and in the
cerebellum (p=0.0164). The observed difference between the relaxation times of the tCr
peaks at 3.03 ppm and 3.93 ppm has been reported previously (39). Additionally, the 75 of
tCr (CH, peak) was significantly longer in the motor cortex than in the occipital lobe and
basal ganglia.

The 75 for the other singlets, tCho and slns, ranged in values from 121 to 200 ms and 80 to
130 ms, respectively. The longest 7> value for tCho was obtained in the cerebellum, and the
shortest was found in the basal ganglia. The 7; values for sIns and the methyl protons of tCr
were very similar in all brain regions.

The 75 values obtained for the J~coupled metabolites measured in this study were generally
shorter than the 75 values found for the singlets. In the occipital lobe, the 75’s of the J-
coupled metabolites were very similar to the 75 of the methyl protons of tCr except for the
7> of GSH which was shorter. The longest 75’s of the J~-coupled metabolites were measured
in the cerebellum. The 75 of the J-coupled metabolites was not significantly different in the
occipital lobe, motor cortex and basal ganglia voxels. Due to the difference in the quality of
the spectra, it was not possible to obtain the 7, of GSH in the basal ganglia.

Quantification of Spectra at Tg = 35 ms

The concentrations of metabolites (means and standard deviations) obtained from four brain
locations after fitting spectra using the LCModel and correcting for 7 relaxation of water
and metabolites, water tissue content, and CSF contribution, are listed in Table 3.
Additionally, CRLBs are reported in Table 3 to reflect the estimated errors in quantification.
The quality of the LCModel fits is shown in Figure 1 for each brain region. The baselines
were flat with very small oscillations which most probably were due to differences arising
from macromolecular spectrum, and the residuals were small without any noticeable
resonances. The residual in the basal ganglia voxel was noisier than for other voxels due to
the small size of the voxel and the broader linewidths than in other brain locations.

Sixteen metabolites were quantified with the CRLBs below 30% in the occipital lobe, motor
cortex, and cerebellum, and fifteen in basal ganglia, where it was not possible to quantify
glycine. The CRLBs for the dominant metabolites (e.g. NAA, tCr, tCho, mIns, Glu) were
found to be below 5% in all brain regions and were comparable to those obtained previously
at 7 T in occipital lobe using either STEAM (11, 12) or SPECIAL (9). The CRLBs for other
metabolites were below 30% and were comparable to those obtained previously in the
occipital lobe (9, 11, 12) except for Gln, NAAG, and Asc which were higher in this study.

NMR Biomed. Author manuscript; available in PMC 2012 May 22.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duosnuepy Joyiny Yd-HIN

Marjariska et al.

Page 8

The concentrations of metabolites obtained in the occipital lobe agreed well with previously
published 7 T studies (9, 11, 12). The concentrations of two metabolites namely Gln and
NAAG were lower in this study than in previously published work (9, 11, 12). For these
metabolites, the 75 relaxation times were unknown in human brain at 7 T and were assumed
to be similar to either Glu (in the case of Gln) or SNAA (in the case of NAAG).

Regional differences in the concentrations of the different metabolites were detected. The
highest levels of tCr, tCho, Glc + Tau, Gln and mlns were detected in the cerebellum which
agrees with previously published data (40, 41). The lowest level of Glu was detected in the
motor cortex and the basal ganglia, while the highest level of GABA was detected in the
basal ganglia. Metabolites such as GSH, slns, and Lac + Thr were found to be uniformly
distributed in all voxels.

Quantification of metabolites can be affected by 77 and 7> values of both water and
metabolites. In the basal ganglia voxel, tissue heterogeneity is expected to lead to a range of
water 77 values. Despite this, the effect of the uncertainty in 77 of water in the basal ganglia
voxel on the measured concentration of metabolites was estimated to be only 2%. In the
occipital cortex, lower than expected concentration of Gln was observed, which can be
potentially caused by the fact that the same 75 relaxation time was used for both Glu and
Gln since we were not able to measure the 73 of Gln in this study. Perhaps, there is a
significant difference between 75 of those two molecules in the occipital cortex.

Metabolite quantification when using moderate to long echo time techniques necessitates
measurement of relaxation times which has the disadvantage of increasing scan time, unless
the relaxation times are known a priori and are known not to change with disease. In
addition, in our approach the relaxation times of different moieties in the same molecule are
assumed to be the same (e.g., Glu). However, 75 of metabolites has been shown to change in
schizophrenia (42).

Conclusions

In this study, excellent quality spectra were obtained at 7 T using modified LASER
sequence that enabled the quantification of fifteen metabolites in four regions of human
brain. The quantification was performed taking into consideration CSF content, tissue
composition, the relative density of MR-visible water, the 77 and 75 relaxation times of
water in different tissue types, and the 7 relaxation of metabolites measured in this study.
The observed concentrations in the occipital lobe agreed with previously reported values
obtained using short echo time techniques. Regional differences in the 7> relaxation times as
well as concentrations were detected and agreed with previous reports. The obtained results
demonstrate that similar quality spectra can be obtained at 7 T in brain regions other than the
occipital lobe and that quantification of longer echo time spectra is possible.
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SPECIAL spin-echo, full intensity acquired localized
STEAM stimulated echo acquisition mode
Tau taurine
tCho total choline, GPC + PCho
tCr total creatine, creatine + phosphocreatine
Te echo time
Thr threonine
Tir inversion time
TR repetition time
TSE turbo spin echo
VAPOR variable pulse power and optimized relaxation delays
VOI volume of interest
WM white matter
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Figure 1.

LCModel quantification of the representative "H NMR spectra obtained at 7 T with a
modified LASER sequence from the four following regions of the human brain: (a) a 19.7
mL voxel placed in the occipital lobe (OC), (b) an 8 mL voxel placed in the motor cortex
(MC), (c) a9 mL voxel placed in the basal ganglia (BG), and (d) a 15.6 mL voxel placed in
the cerebellum. In all spectra, Tg = 4.5 s, Tg = 35 ms, Ng = 128, and no line-broadening was
applied. The location and size of the voxels are shown on 7>-weighted images.
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Figure 2.

The relative transmit efficiency before and after local Byt phase shimming, optimized for
the following regions of interest: (a) OC, (b) MC, (c) BG, and (d) CR. The average gain and
standard deviation (2 = 5) in the transmit efficiency is listed next to each image.
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Figure 3.

Representative 'H NMR spectra obtained at 7 T with a modified LASER sequence from the
19.7 mL voxel placed in the human occipital lobe. For the spectra, 7Tg = 4.5 s, Ng = 64, and
no line-broadening was applied.
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