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Introduction

2D-selective RF (2DRF) [1,2] excitations have been used to acquire single voxel MR spectra of irregularly shaped target regions [3,4] which, compared to conventional
localization based on cross-sectional RF excitations, reduces partial volume effects. In this study, it is shown that the SNR efficiency of such approaches can be
increased by acquiring multiple, irregularly shaped voxel simultaneously and applying Hadamard encoding [5-7] to eliminate the individual contributions.
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Methods

A PRESS-based pulse sequence was used as shown in Fig. 1. As the initial RF excitation a 2DRF excitation based on a segmented blipped-planar trajectory was used.
The desired excitation profile then is obtained by complex averaging all acquired signals. Non-selective refocusing RF pulses were applied between the individual
2DREF lines to avoid chemical-shift-displacement artifacts in the blip direction. The first selective refocusing RF pulse was applied in the blip direction and was used to
eliminate the (unwanted) side excitations, which allows reducing the field-of-excitation and the number of 2DRF lines accordingly. A fast-spin-echo variant of the
sequence with phase- and frequency-encoding gradients added in the line-blip plane was implemented to measure images of the 2DRF excitation profiles.

The 2DRF pulse envelope was calculated using the low-flip-angle approximation [2] by taking the Fourier transformation of the desired excitation profile. Four
acquisitions were performed for each combination of two ROIs using different signs for the individual ROIs in the excitation profile (+/+, +/—, —/+, —/—) where “—¢
indicates that the corresponding signal phase was inverted by applying an appropriate modulation of the RF envelope. The individual contributions were obtained by
adding and subtracting the acquisitions accordingly. Two setups were investigated: (i) a ring- and a circle-shaped ROI which were used to demonstrate the elimination
of the individual spectral contributions in a dedicated MR spectroscopy phantom (see Fig 2), and (ii) two irregularly shaped ROIs (resolution of 1x1 mm?) that were
defined on a high-resolution T1-weighted data set of a healthy volunteer and covered gray and white matter, respectively (see Fig. 5a).

Experiments were performed on a 3 T whole-body MR system (Siemens Magnetom Trio) using a 12-channel head coil. An oil phantom (profile images) and a dedicated

spectroscopy phantom (MR spectra) consisting of a small bottle containing aqueous NAA solution that is
positioned within a larger bottle filled with aqueous creatine solution (see Fig. 2) were investigated. 2DRF m

excitations were applied with a resolution of 1x1 mm? a field-of-excitation of 80 mm, and 16 segments,
each covering 5 lines, yielding a 2DRF pulse duration of 28 ms. MRS acquisitions involved
6 averages (10 min total acquisition time), an echo time of 60 ms, a voxel thickness of 10 mm, four
preparation scans, and three CHESS pulses for water saturation. Profile images were acquired with a TR of
6's, a TE of 80 ms, and an in-plane resolution of 1x1 mm? and stored as real part and phase images to retain
the sign and phase of the profile.
Fig. 3: (a) Real part MR images of the ring/circle ROIs
acquired with the four polarity combinations.
(b,c) Sunvdifference images of(a) to eliminate the
circle and ring contributions by using (b) only the upper
two real images and (c) all four images.

Results and Discussion

Figure 3 presents profile acquisitions for the ring-circle ROI combination and the sum / difference images to
eliminate the ring and circle contributions, respectively. Using all four combinations acquired yields a better
signal amplitude (Fig. 3¢) due to the effectively longer acquisition time, but for a proper elimination of the
ring and circle profiles it is sufficient to use two acquisitions only (Fig. 3b). This can be verified in the
corresponding MR spectra (Fig. 4) that also demonstrate the higher signal amplitude achieved with the
Hadamard-encoded acquisitions compared to the simple acquisition that would be required for the ring and
circle profile individually. Figure5 [ ‘ ‘ ‘ ‘ : ‘ I ‘ ‘ ‘ ‘
shows results obtained for the WM/GM
ROIs which also can be isolated clearly.
When defining the multiple ROIs, it is
recommended to leave a small gap
between them. Thus, variations of the
slope between the ROIs upon a change -
of the polarity are avoided.

In conclusion, Hadamard-encoding may -
help to improve the SNR efficiency of
MRS acquisitions with irregularly
shaped voxels.
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