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Purpose: A new SHAped Voxel Excitation ('SHAVE') sequence is presented combining 2D
spatially selective excitation (SSE) with adiabatic slice selection to acquire "H MRS data from
2D arbitrarily shaped voxels in the human brain. Segmentation of k-space trajectories yielded
high bandwidth radio frequency (RF) pulses, and parallel transmission was used to supplement
By encoding. Resulting spectra were compared to those acquired with a slice selectively
refocused SSE approach similar to (1,2) and a conventional SPECIAL (3) sequence. The fidelity
of in plane voxel localization over the interesting frequency range was investigated for both
sequences.

Methods: All measurements were performed on a 3T MR system equipped with an 8-channel
transmit array (Verio, Siemens Healthcare) and an 8-channel Tx/Rx head coil (Rapid
Biomedical). After an initial pass of localized shimming, higher order shim terms up to the 4th
degree provided by a dedicated shim insert (VHOS 380, Resonance Research Inc.) were
employed in a second pass to improve the whole-slice By homogeneity. 2D-SSE pulses were
designed using a spatial approach in the small tip angle regime (4). 2D target voxels were
defined on localizer images using a grid size of N = 64 X 64 pixels for a field of excitation of
240 mm. A spiral-in k-space trajectory (12 segments, one revolution per segment) was chosen
and explicitly measured and fed back to the design algorithm to compensate for deviations
introduced by system imperfections. The magnitude root mean square deviation A=
N, (1P| = |M;|%) /N)Y/2 was calculated as a measure of target fidelity, where P; and M; are
the complex target shape and the Bloch simulated transverse magnetization, respectively, both
normalized to unity. Both the SSE pulse of 340 us duration and the RF pulses for conventional
in plane voxel selection were input to the Bloch simulator.

For SHAVE, localization along the third, perpendicular dimension was achieved by using an
on/off scheme as in SPECIAL with an adiabatic slice selective inversion pulse preceding the
2D-SSE pulse (5). Alternatively, a subsequent slice selective refocusing pulse (1,2) was used
for comparison (dubbed SSE-SE). Next, either the free induction decay (FID) with SHAVE or
the echo signal with SSE-SE was acquired. SSE localization was imaged using a gradient echo
sequence with the slice selective on/off scheme incorporated. The conventional SPECIAL voxel
(3.3 X 6.3 cm? in plane) contained the shaped SSE white-matter only voxel. All voxels were
localized within the same 2-cm axial slice. In vivo MR spectra acquired from one healthy
volunteer were analyzed using LCModel.

Results: The water linewidth in the target voxel was reduced from 9.1 Hz to 7.3 Hz and the
width of the whole-slice frequency distribution width was decreased from 18.0 Hz to 10.8 Hz
when using the shim insert. MR spectra are depicted in Fig. 1 together with LCModel results
and images of voxel localization. The FID acquisition of SHAVE resulted in a 1.2fold higher
SNR compared to SSE-SE. Eight of nine metabolites listed in Tab. 1 were quantified with
CRLB below 20 %. Hardware constraints restricted the excitation tip angles for SSE to < 31°,
resulting in lower SNR.

Fig. 2 shows A, vs. offset frequency for SSE pulses (a,b) and conventional in plane
localization using SPECIAL (c,d): (a) white matter voxel adapted to selected anatomy (Fig
1A,C), (b) rectangularly shaped SSE voxel containing the anatomical voxel, (c) 3.2 ms (BW =
1.88 kHz) refocusing / 1.28 ms (BW = 5.27 kHz) excitation pulse and (d) 7.68 ms (BW = 0.78
kHz) refocusing / 2.56 ms (BW = 2.64 kHz excitation pulse. The low-BW pulses (d) were
actually used in Fig. 1(B) to obey SAR and hardware limits, while (c) reflects more typical
settings for SPECIAL (6). The flat A, error curves for SSE pulses represent high fidelity of
voxel localization that is almost constant over a frequency range of 8 ppm (at 3T). This is also
evident from phantom measurements of SSE localization for different offset frequencies (Fig.
3). The rapid increase of the conventional localization error (Fig. 2c,d) with offset frequency
reflects voxel displacement due to chemical shift artifact.

Discussion/Conclusion: High spatial fidelity of SSE target shapes was achieved, resulting in
reduced chemical shift artifact when compared to conventional localization. Off resonance
effects in SSE appear as relatively benign profile degradation and broadening. This is in contrast
to the conventional frequency dependent voxel displacement, which results in signal collection
from different locations for metabolites with large spectral separation. In addition, the
adiabatic inversion of SHAVE is more robust with respect to B; inhomogeneity compared
to the refocusing scheme of SSE-SE, which is especially beneficial at high B, (= 3T).
Metabolite concentrations (Tab. 1) derived from the SSE spectra (Fig. 1A, C) were in
physiological range and did not deviate systematically from results obtained with SPECIAL
(Fig. 1B). Only somewhat larger lipid contaminations hinted at poorer outer volume
suppression. Substantially improved off-resonance behavior and anatomically shaped voxels can
be considered strong arguments in favor of using SHAVE, or SSE-MRS in general.
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Fig. 1: In vivo MR spectra: (A) SHAVE, TR/FID-
Delay=4s/20us, 96 av., (B) SPECIAL,
TR/TE=4s/11ms, 72 av., (C) SSE-SE,
TR/TE=4s/11ms, 96 av. Insets: targeted (rhs) and
measured (lhs) voxel positions and shapes.
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Fig. 2: A, vs. offset frequency. SSE localization for
(a) anatomical and (b) rectangular shape. Conventional
localization (SPECIAL) with (c) higher or (d) lower

bandwidth RF pulses.
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Fig. 3: Frequency offset dependent SSE localization
measured in a spherical phantom (doped water).

(A) SHAVE (B) SPECIAL

JtCr mM o JtCr mM o
tCho 0.253 143 5 0.207 153 4
tCr - 5.9 3 - 6.2 2
NAA 1.471 8.7 3 1.348 8.4 3
NAAG 0.277 1.6 12 | 0.343 Phil 6
Ins 0.901 5.3 4 | 0.831 52 3
GABA 0.302 %7 21 | 0.192 1.2 19
Glu 0.851 5.0 7 0.877 5.4 )
GSH 0.16 0.9 15 | 0.167 1.0 6
PE 0.393 2:3 12 | 0.331 20 9

Tab. 1. LCModel quantification results. Relative (/tCr)
and absolute (mM) concentrations, o = CRLB/%.
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