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Target Audience: Scientists interested in compressed sensing (CS) reconstruction of multi-dimensional spectroscopic imaging data; scientists and clinicians interested 
in TE-Averaged spectroscopic imaging. 
 
Purpose: Spectroscopic imaging (SI) has the advantage of providing metabolite information in different spatial regions, which is extremely useful for investigating 
various diseases. Both TE-averaged point-resolved spectroscopy (TE-Averaged PRESS) and J-resolved spectroscopy (JPRESS) require two-dimensional (2D) 
acquisitions that utilize TE increments [1]. While 2D JPRESS helps reduce spectral crowding through the second spectral dimension, TE-Averaged PRESS averages the 
different TE acquisitions before the second Fourier transformation to highlight J-coupled metabolites such as glutamate (Glu) [1-3]. However, a main drawback for 
implementing SI with multiple TEs is the long acquisition time. Several techniques have already been implemented in order to reduce acquisition time, including the 
use of an echo planar readout that acquires one spatial and one spectral dimension simultaneously [4], as well as the use of CS to apply a non-uniform undersampling 
(NUS) scheme along the incremented dimensions [5-6]. Here, we present a new method for TE-averaged MRSI acquisition that is able to encode three spatial 
dimensions within a clinically feasible scan time by utilizing an echo-planar readout and CS reconstruction, where a NUS scheme is applied to the (ky, kz, t1) 
dimensions. We call this method accelerated TE-Averaged echo-planar Spectroscopic Imaging (accelerated TEA-EPSI). 
 
Methods: All measurements were acquired using five-dimensional (5D) NUS based echo-planar J-resolved Spectroscopic Imaging (EP-JRESI) [7] on a 3T scanner 
using the following parameters: TE/TR = 30/1200ms, spectral bandwidth = 1190/1000 Hz, 256 t2 points, and 64 t1 points. The bipolar read-out encoded the first spatial 
dimension (32 oversampled points) and the other two spatial dimensions were encoded using 16 and 8 steps each. Twelve brain phantom (16 metabolites at gray matter 
physiological concentrations) scans were acquired with full acquisition (no NUS) using a single channel extremity coil or 8-channel head coil using a FOV= 16x16x12 
cm3 and extractable voxel resolution of 1x1x1.5 cm3. This phantom data had non-uniform undersampling applied retrospectively to 4x, 8x, 12x, and 16x. Nine healthy 
adults (mean age = 25.6 years) were scanned using a FOV=24x24x12 cm3 and resolution of 1.5x1.5x1.5 cm3 using an 8-channel head coil and using 8x NUS along the 
t1 and spatial (ky and kz) dimensions. The total scan time was approximately 20 minutes. The data first had a frequency-dependent linear phase correction applied in 
order to provide a maximum echo sampling scheme resulting in a bandwidth of ±250Hz along F1 [7]. For TE-Averaging, this means that the total TE increment will be 
2ms, and then the total TE ranged from 30 to 156ms (effectively 64 t1 increments). The data were then truncated to the spectral region of 1.2-4.3 ppm and were finally 
reconstructed using a modified split Bregman algorithm using isotropic TV as described recently [5-6]. After reconstruction, eddy current correction was applied by 
using a 3 minute water scan. The data after this reconstruction method were in the (x,y,z,F2,F1) domain, but were transformed to the (x,y,z,F2,t1) domain for TE-
Averaging. Before TE-Averaging, the data were first corrected for frequency drifts along the F2 dimension by shifting the N-acetylaspartate (NAA) peak to 2.0 ppm for 
every t1 point. The data were TE-averaged by averaging over the t1 dimension for each voxel. For phantom measurements, metabolite ratios with respect to creatine (Cr) 
at 3.03 ppm were taken using peak integrals.  

 NAA/Cr Glu/Cr Ch/Cr mI/Cr 
Full 1.63 ± 0.22 0.48 ± 0.06 0.75 ± 0.08 0.25 ± 0.03 

4x Retro 1.68 ± 0.33 0.48 ± 0.09 0.76 ± 0.10 0.24 ± 0.06 
8x Retro 1.72 ± 0.37 0.46 ± 0.08 0.75 ± 0.10 0.22 ± 0.05 

12x Retro 1.86 ± 0.42 0.45 ± 0.11 0.73 ± 0.10 0.16 ± 0.06 
16x Retro 1.81 ± 0.46 0.45 ± 0.10 0.71 ± 0.11 0.19 ± 0.10 

Table 1. Phantom metabolite ratios at various acceleration factors (Mean ± 
Standard Deviation). n = 360.   

 
Figure 1. MRI localization, sagittal on left and axial in middle, and Glu 
metabolite map of four slices with signal on the right. 

 
Figure 2. Left: An enhanced view of a single slice (Glu image) from Figure 1. 
Right: Corresponding TE-averaged spectra for each highlighted location.

Results: Table 1 shows metabolite ratios for NAA, Glu, total choline (Ch), and myo-inositol (mI) to creatine at 3.03 ppm (Cr). Thirty voxels from three different slices 
(10 voxels each slice) were averaged over all twelves scans, resulting in n=360 voxels for averaging. The coefficient of variation (CV) for Glu for fully sampled (full) 
was 13% and was 18% for 8x. Figures 1 and 2 show in vivo data of a healthy adult (age = 29 years). The Glu metabolite map, seen in Figure 1 on the right, shows 
signal in four different slices, where slices are in the vertical direction. Full spectra from one slice are shown in Figure 2 for the four different regions (red = frontal 
white, yellow = frontal gray, blue = occipital white, green = occipital gray).     
 
Discussion: The analysis of metabolite ratios, demonstrated in Table 1, shows the reproducibility at various different acceleration factors. However, 12x and 16x have 
slightly larger CV values (close to 25%) for NAA/Cr, indicating that 8x is the safer acceleration factor to use for the purposes of TE-Averaging while a TV based 
reconstruction is used. TE-Averaged spectra from 9 healthy adults showed expected metabolite differences between voxels containing mostly white matter and gray 
matter (elevated Glu in Gray matter).  
 
Conclusion: The first demonstration of accelerated TEA-EPSI shows that this method is capable of acquiring TE-Averaged spectra from multiple different slices 
reliably in a clinically feasible time. Future work will focus on investigating the usefulness of accelerated TEA-EPSI in different diseases.   
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