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Introduction 
Inevitable motion during sequential single voxel MR spectroscopy scans may significantly degrade the quality of post-averaged spectra through two different 

mechanisms. First, the motion induced phase variations among different spectral data sets reduce the signal intensities of the averaged data. Second, the susceptibility 
field gradients and thus the efficiency of MRS water suppression depend on the subject position. This further reduces the quality and consistency of MRS data in the 
presence of intra-scan motion. It has been shown that the motion induced signal loss in MRS data can be partially restored with "constructive averaging" [1,2,3]. Each 
spectral data set is phase-corrected based on the frequency shift information estimated from the corresponding residual water signals [1,2] or interleaved reference scan 
[3], before multiple MRS data sets corresponding to different subject positions or frequency offset conditions are averaged. However, the reliability of frequency offset 
estimation based on residual water signals may be limited while the quality of residual water signals changes with water suppression (WS) efficiency. In navigator echo 
based approaches [3], the frequency offset may be calculated from the interleaved non-water suppressed (NWS) signals, but at the expense of prolonged scan time [3]. 
Furthermore, the MRS data degradation due to inconsistent water suppression in the presence of intra-scan movement is not addressed in those methods. 

  Here we design a new approach to overcome the limitations of the previously reported MRS "constructive averaging" methods. All MRS data are acquired without 
water suppression, to eliminate the problems related to inconsistent water suppression efficiency. The frequency offset, corresponding to each subject position or offset 
conditions, is first measured directly from the water MRS signals. A post-processing procedure is then applied to eliminate water signals, and the remaining metabolite 
signals are phase-corrected based on the quantified frequency offset information. Constructive averaging is then performed to generate metabolite spectra of high quality 
and high SNR. The approach enables reliable frequency offset estimation without prolonged scan time. 

Methods 
MRS data were acquired from single voxels of normal subjects, using a PRESS sequence with a 3T MR scanner. The selected voxel (2x2x2 cm3) was located within 

the the parietal lobe (white matter), and the PRESS scan parameters included: TE 40ms, TR 2 sec, spectral bandwidth 2 KHz, number of sampling points 2048, and 
NEX 128. To evaluate the MRS quality with and without the presence of intra-scan subject movement, three data sets were acquired with different conditions: (a) NWS 
spectra acquired with intra-scan motion, (b) WS spectra acquired with intra-scan motion, and (c) WS spectra acquired without intra-scan motion. The subject was 
instructed to move the head slightly and randomly during the "motion scan" and to hold the head still during the "stationary scan". 

The matrix-pencil (MP) method [4] with rank =1 was used for water component fitting. For the data acquired at "motion scans", the frequency and phase of water 
signal extracted from NWS spectra were used for motion correction on data set (a) and those of residual water signal extracted from WS spectra were used for motion 
correction on data set (b). After motion correction the acquired spectra were averaged and MP method was applied to suppress water signal on NWS spectra. WS spectra 
acquired on data set (c) were averaged without motion correction. The SNR and FWHM of metabolites (including N-Acetyl-Asparatate (NAA), Choline (Cho) and 
Creatine (Cre)) before and after motion correction were calculated and compared to assess the effectiveness of the correction. 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Result and Discussion 
Our results showed that water signal extracted by MP methods can be used to correct severe motion induced SNR degradation, where the metabolite peaks can be 
retained after motion correction even when no metabolite peak can be identified due to serious motion induced phase cancellation (Figure 2, WS-m-nc). Qualitatively 
the spectrum corrected by water signal from NWS spectrum (Figure 2, NWS-m-c) is closer to the stationary WS spectrum (Figure 2, WS-s), than that by residue water 
signal from WS spectrum (Figure 2, WS-m-c). Quantitatively, the SNR and FWHM of metabolites clearly demonstrated the better correction efficiency using water 
signal from NWS spectrum (Table 1). The better correction efficiency is anticipated to result from the higher SNR of water signal in NWS spectrum than residue water 
signal and the inconsistent water suppression efficiency during motion in WS spectrum as addressed in the introduction. However, better motion control should be taken 
to further investigate the efficiency of this method in more details. In conclusion, our preliminary data have demonstrated that our proposed method using internal water 
signal as reference can successfully restore the motion related phase degradation in NWS PRESS experiment. This concepts of using NWS spectra for metabolite 
quantification may be particularly beneficial in frontal areas of the brain where water suppression becomes difficult due to susceptibility variations. The motion 
correction capabilities may also prove useful for spectroscopic studies of the fetal brain[5] 
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FWHM 
(NAA)  

WS-m-nc 5.7(12%) 4.7(18%) 4.6(17%)  
WS-s 48.6 26.3 27.4 6Hz 

WS-m-c 37.0(76%) 20.2(77%) 18.0(66%) 10Hz 
NWS-m-c 42.0(86%) 23.1(88%) 25.6(93%) 6Hz 

Figure. 2. In vivo spectra of WS, subject motion, no phase and frequency 
correction (WS-m-nc), WS spectrum, subject stationary, no phase or 
frequency correction (WS-s), WS spectrum, subject motion, correction 
according to residual water (WS-m-c) and NWS spectrum, subject 
motion, correction according to water (NWS-m-c).  
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Table 1. Metabolites SNR (percentage to the SNR in (B)) and 
FWHM of spectra in figure 2. Motion correction algorithm can 
restore SNR from less than 20% to 65~80% using water signal from 
WS spectra and to over 85% using water signal from NWS 
spectrum. Note that spectral line width can be retained using NWS 
spectrum. 

CreCho NAA 
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