Magnetic Resonance Spectroscopy data de-noising using Semi-Classical Signal Analysis approach: Application to in-vitro
MRS data.
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Introduction: Localized Magnetic Resonance Spectroscopy (MRS) is a powerful technique used to study metabolism of tissue in vivo, to provide
information that is useful in several diagnostics and treatment clinical applications [1]. However, the accuracy of the metabolite information is
questionable due to the low Signal-to-Noise Ratio (SNR) of the acquired MRS data. Signal averaging is then required to preserve the SNR, which
lengthens data acquisition time. To shorten acquisition time while accurately analyzing the collected data, we propose to use the Semi-Classical
Signal Analysis (SCSA) method [2]. This method employs the Schrodinger operator to extract the most significant eigenfunctions and eigenvalues of
the MRS signal, and uses them to reconstruct the de-noised MRS signal. The obtained results demonstrate the usefulness of the technique in precisely
estimating the metabolite peaks information from low sensitivity in-vitro MRS data.

Material and methods: In vitro experiments are performed at 3 T (Tim Trio Siemens). Localized water suppressed spectra are acquired using the
PRESS sequence (TE/TR=30/2000ms, voxel size=10*10*20 mm?), from a phantom containing choline chloride (Ch) and N-acetyl-L-aspartic acid
(NAA) with known concentrations, 10 mM each. Seven MR spectra with averaging values ranging from 2 to 32 are analyzed using the SCSA method

where the signal, denoted y, is considered as potential of a semi-classical Schrodinger operator [2]. The discrete spectrum consisting of negative
eigenvalues, is computed and used to reconstruct the signal as follows, v, (f) = 4h22§1,/—lnlh YaL(f), f € R where A,pand ¥, are the
2

negative eigenvalues and the corresponding L? — normalized eigenfunctions of the Schrodinger operator, respectively, such that: —hz%f(zf) -
y(OP() = 219().

The parameter 4 plays an important role in the SCSA. When & decreases, the approximation improves [2]. However in the de-noising process, it is
recommended to retain the eigenfunctions belonging to the signal and discard those representing noise. This is achieved by an efficient choice of the
X where e = max(y) _ _ max(yp)

lel’ ©std(y(mymg))  std(yp(mym,))’

is used to compute the SNR. « is a weight function.

where

parameter s, which is done by minimizing the following cost function || y(I) —y,(I) Il +
max(y)
std(y(my:m;))
Results/Discussion: Figure 1 shows a noisy in-vitro spectrum (blue) and the reconstructed SCSA spectrum (red). A zoom on the choline and NAA

region is shown on Figure 2, where the difference in spectra is shown in ereen.

(my:m;) and I are the noise and signal regions respectively. The quantity
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Figure 1: MR spectrum N°1 with avg. = 2, (see tables 1, 2) separate between eigenfunctions of
the signal and noise
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Figure 2: Zoom on the Choline and NAA peaks

The preliminary absolute quantification results (not shown) using water line as a reference [3] are
better for both metabolites after the SCSA than before SCSA.

< N Spectrum i before after
S N (average) SCSA SCSA
Peak 1 2 3 4 5 6 7 Avg +std 102) 6758 23.57 50.64
area (a.u
Choline 14.5 17.4 169 | 16.7 16.8 17.5 16.5 16.6 +1 2(4) 68.24 49.77 105.6
(@u 150 | 75 | 177 | 177 | 190 | 194 | 185 | 178+14 3 7095 | 60.55 12473
NAA (a.u) 567 | 546 | s4p | 565 | 488 | 500 | 548 | 538+0.29 4(12) 35.79 67.64 150.03
645 | 656 | ¢s6 | 667 | 608 | 611 | 642 | 641+023 516) 44.56 | 91.85 2342
6 (24) 45.31 93.31 219.76
Table 1: Quantification results before and after SCSA (bold). The calculated Choline and NAA 7 (32) 46.89 128.21 445.61

peak areas qre in arbitrary values (a.u).
Table 2: SNR values (a.u) before and after SCSA and the
Corresponding & values.Spectrum Number and average values

Conclusion: These preliminary results have shown that the SCSA method is powerful in significantly reducing noise while preserving metabolite
peak information. This will permit the use of the SCSA with low sensitivity MRS data, especially in studying tissue metabolism in-vivo. This will be
validated by a complete study of in-vitro data with internal reference and in-vivo data.
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