SNR and Spectral Line-Width Improvements between 1.5and 7 T in 1H Echo-Planar Spectroscopic Imaging
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Introduction.
Proton NMR spectroscopy benefits from increasing the field strength due to increases in sensitivity and spectral resolution [1-2]. Signal-to-noise ratio
(SNR) gains may be alinear or nonlinear function of field strength, depending on several competing factors[2]. The aim of this study wasto
compare SNR and spectral linewidth at 1.5, 3, 4 and 7 Tesla in the human brain using Proton-Echo-Planar-Spectroscopic-Imaging (PEPSI) [3] on
scanners sharing similar software and hardware platform.
M ethods.
Ten measurements were performed on healthy volunteersusing clinical 1.5 Teslaand 3 T scanners (Siemens Sonata and Trio), and research scanners
at 4 Teda (Bruker MedSpec) and 7 Tesla equipped with Siemens console and gradients. Quadrature head coils and 8-channel surface array coils were
employed. Nine short-TE (30 ms) PEPSI measurements were performed with 8-slice outer volume suppression. Encoded spectral width increased
with field strength. Even- and odd-echo data were reconstructed separately using a water reference scan as described previously [3]. One
measurement at 4 T was performed with conventional phase encoding and PRESS volume localization at TE: 30 ms. Sensitivity was compared using
anormalized SNR defined in equation (1) [4-5], where T is the total measurement time and V, is the voxel volume. To measure SNRyes in a
homogeneous white matter region, we used either the NAA peak amplitude Syaa (€9. 2), or the NAA peak integral Cyaa (€g. 3), and the standard
deviation of the noise measured outside of the brain in a corner voxel, assuming that thermal noise is independent of the spatial location [5]. An
exponential matched-filter (using the NAA line width at each field strength) was used to maximize the SNR of the NAA peak. For line width
comparisons, we used the full-width at half-maximum (FWHM) of the NAA peak.
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Table 1 summarizes pulse sequence parameters and results. Figure 1 shows examples of the spectra obtained at different field strengths. As expected,
the SNR, is independent of the spectra width (SW) [5] and the SNR,; of PEPSI is similar to conventional phase encoding [3]. The field strength
dependence of NAA SNR is shown in figure 2, for the CP coil and in figure 3 for the phased-array coil. A power law explains the field strength
dependence better than a linear or quadratic function (as evidenced by a larger R? value). For the phased-array coils we measure better SNR than with
the CP coils at the edges of the FOV, as expected, whereas the sensitivity is similar in the center. The NAA line width in Hz increases with field
strength, but on the ppm scale (figure 4) it decreases approximately linearly with field strength.
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Figure2: SNR vs. B, (CP Cail). Figure 3: SNRvs. B, (PA Cail). Figure4: Linewidth vs. B,
Discussion.

This study demonstrates feasibility of high speed spectroscopic imaging over awide range of field strength and considerable gains in sensitivity and
spectral line width with field strength. These gains suggest that very high-spatial resolution metabolite mapping is feasible at high field strength. The
decrease in NAA line width on the ppm scale may in part be due to the less than linear decrease in metabolite T2 values with field strength [6].
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