Subcutaneous lipid suppression via variable-density spiral sampling for full cortical coveragein chemical shift imaging
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Introduction: Estimates of metabolites in the brain using large-FOV chemical shift imaging (CSI) are severely hampered by strong lipid signals even
though the interfering signal arises from subcutaneous tissue. Since SNR in MR is proportional to voxel size [1] the low metabolite concentration,
and therefore low SNR in spectroscopic imaging dictates large voxel size, and in turn, the spatial extent of side lobes in the spatial impulse response
is a significant contributor to interfering and undesired signals in spectra within the brain. This problem is all the more challenging due to both the
narrow spectral separation between lipid components in the 0.9-1.3ppm range and the dominant NAA resonance at 2.0ppm (which corresponds to a
separation of 86-135Hz at 3T), as well as the spatial proximity of the cortex to the source of the undesired signals. Many lipid suppression methods
have been proposed, including outer-volume suppression (OVS) [2-5], inversion-recovery [6-8], selective exciting brain-only (PRESS [9], STEAM,
Spielman [10]), and are effective, but inevitably trade off some amount of brain metabolite signals. Variable-density sampling of k-space with
accompanying proportional filtering [11-13] to maintain SNR, in fact, does not suppress the excitation of the lipid signal from
the subcutaneous tissue, but reduces the interfering lipid signals arising from the subcutaneous tissue by dramatically reducing
the spatial side-lobes. Such methods require extended k-space sampling with controlled density of sampling to maintain
favorable SNR properties, and can be implemented with spiral-based k-space trajectories. The filter coefficients are
determined through an optimization algorithm [12] that minimizes the ratio of the energy in filter stop-band to the energy in
the pass-band. As is shown in [12], the direct filter design method of a three-dimensional spherically symmetric

filter produces the smaller spatial side-lobes in the point spread function than three-dimensional filters based on 1D~ Fig. 1. Lipid map (dB Scale)
designs given the same voxel size and sampling extent. Even though, in many locations, the peak of NAA is from ref. [12]
distinguishable from the lipid spectrum, the spatial side-lobes of the lipid signals are only around one tenth (-
20dB), as is in Figure 1. (dB scaled, the same as Fig 1.(b) but color-scaled) of the maximum due to the
interfering lipid signals are accumulated constructively inside the brain as well as the under-sampling artifacts
in some part of the k-space especially in the top and the bottom slices, which has only one angular interleave
[13]. To reduce the constructive accumulation, we added linear weighting factors on calculating the energy in
the stop-band. The magnitude of the spatial side-lobe becomes smaller with a trade-off the increased width of
the main-lobe. We also modified the spiral trajectory design method that keeps the proportionality of density
and filter coefficients, but uses at least four angular interleaves even in the top and the bottom slices [14].

M ethods: To evaluate the performance of the lipid suppression, healthy volunteers were scanned on a 3T
Siemens Trio scanner with a 32-channel head coil. The variable spiral trajectory was implemented
with a conventional PRESS excitation for spatial excitation only in the S/I direction to yield a 3-cm lelg S|2 Li pIC(iij g‘:oal(l 00~1 66 ppm) for
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Results: Figure 2 shows a representative lipid map, the
summation of the absolute value of the spectrum over the
range of 1.00~1.66 ppm for all 16 slices. At least 30 dB
spatial side-lobe suppression is achieved inside the brain
except few locations. Figure 3(b, d) shows spectra of
NAA, Cre, and Cho from the region of red rectangle in
Figure 3(a, c) located in the region of the most
demanding lipid suppression.

Conclusion: The constructive accumulation of the
interfering lipid signal arising from the subcutaneous
lipid are substantially reduced by adding weighting
factor and modifying the sampling density of the spiral
trajectory, which generates at least four angular
interleaves for all the slices, but keeps the proportionality
of the density and the filter coefficients. Even in
peripheral regions of the cortex NAA is distinguishable
from the lipids.
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