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Fig.3. DIFF spectra acquired from OCC using MEGA-
sLASER with (blue) and without (red) MM 

Fig.2 STEAM spectrum and the fit from LCModel, 
showing contributions to 3 ppm resonance. 

Fig.4. Scatter plot of [GABA]/[Cr+] measured 
using STEAM vs MEGA-sLASER (after 
relaxation correction). 
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INTRODUCTION: GABA is challenging to measure in the human brain even at ultra-high field due to its low concentration, spectral overlap and large 
chemical shift displacement artefact (CSDA)1. One approach is to use conventional localisation with short echo time (TE), but separating the GABA signal 
from more intense overlapping signals is then heavily dependent on the fitting algorithm used. Alternatively, J-difference spectral editing can be used, but 
wide bandwidth pulses are required to overcome the CSDA and these can be hard to achieve without multi-channel transmit capability1. Aim: To compare 
GABA detection at 7T (B1,max = 15 μT) using an optimised long TE MEGA-sLASER spectral editing sequence with a conventional short TE STEAM sequence in 
terms of 1) intra-and inter-subject reproducibility and 2) measured [GABA]/[Cr+].  
METHODS: Spectral editing sequence MEGA-sLASER (TE/τ1/τ2/τ4=72/20/8/28 
ms) (Fig. 1) was implemented using offset independent trapezoid (OIT) 
adiabatic inversion pulses with wide bandwidth to reduce CSDA (BW=4.8 kHz) 
and a pair of short, narrow bandwidth MEGA editing pulses to provide a short 
TE for GABA spectral editing (sinc, 8.3 ms, FWHM=120 Hz, Edit-ON:1.9ppm & 
Edit-OFF:1.5ppm for macromolecular (MM) correction).  
MR measurements 7 healthy subjects (age 23-32y) participated with ethical 
approval from University of Nottingham Medical School Ethics Committee. 
MRS was performed on a 7T Philips Achieva system with a single-channel 
volume transmit coil (B1max=15μT). 1H MRS data were collected from 28x28x28 
mm3 voxels in the median occipital cortex (OCC, N=7) and primary motor 
cortex (M1, N=5), using both the MEGA-sLASER sequence (TR=4100 ms, 
NSA=64, scan time=4.63mins) and STEAM sequence (TE/TM/TR=15/17/2000 ms, NSA=136, scan time=4.6mins). To assess the intra-subject repeatability, 
measurements in median OCC were performed twice in a given scan session. To check the consistency in macromolecule (MM) elimination, one spectrum 
was acquired using MM-uncorrected MEGA-sLASER (Edit-ON:1.9ppm & Edit-OFF:9.7ppm) from median OCC in 5 randomly chosen subjects. Data Analysis: 
For the spectral editing data, the 3 ppm GABA signal (SGABA) in DIFF spectra (Edit ON-OFF) and 3 ppm Cr signals (SCr) in SUM spectra (Edit ON+OFF) were 
quantified by Lorentzian peak fitting and integration in MATLAB. [GABA]/[Cr+] was then calculated as (3SGABA)/(2SCr Effedit) before relaxation correction, 
where Effedit is the editing efficiency of the MEGA-sLASER sequence, determined as (SGABA,diff/2SGABA,on) from a 100mM GABA phantom. Relaxation correction 
was then applied2. STEAM data were analysed using LCModel (20 metabolites in basis set) and [GABA]/[Cr+] was calculated as [GABA]/[Cr+PCr] (Fig. 2).The 
mean intra- and inter- subject CV% were calculated to assess reproducibility.  
RESULTS: Effedit was measured to be 0.48 for the optimised MEGA-sLASER 
sequence. Table 1 shows that for the same scan duration, short TE STEAM and 
MEGA-sLASER both gave excellent intra-subject reproducibility. MEGA-sLASER 
gave better inter-subject CV% than STEAM, particularly in M1 where the GABA 
concentration is lower due to lower GM%. MM correction reduced the apparent 
GABA signal by 55% (Fig. 3). [GABA]/[Cr+] measured with STEAM was almost 
twice that of MM-corrected MEGA-sLASER but was closer to that measured with 
the MM-uncorrected sequence ([GABA+]/[Cr+]=0.25±0.04). A significant positive 
correlation was found in the measured value of [GABA]/[Cr+] in OCC between the 
two methods (Fig. 4; r=0.69, p=0.006). 

 CONCLUSION: This study demonstrates that the optimised MEGA-sLASER sequence can provide highly efficient and reproducible detection of GABA in a 
short acquisition time (5-6 mins) at 7T (B1;max=15 μT). The [GABA] ]/[Cr+] measured from OCC using conventional short TE STEAM and MEGA-sLASER spectral 
editing method correlated well and were comparable. MM-corrected MEGA-sLASER provided more reproducible and reliable results than short TE STEAM, 
especially when the GABA concentration was low. The MM correction at the GABA 3 ppm resonance was within the range of previous reported values3,4,5. 
GABA editing efficiency for the MEGA-sLASER sequence (Effedit) was greater than that previously reported for MEGA-PRESS (0.36)3 and MEGA-SPECIAL 
(0.45)4, but lower than MEGA-sLASER at B1max= 20μT (0.52)1. [GABA]/[Cr+] measured in OCC before relaxation correction was consistent with other 
studies3,4. The finding that [GABA]/[Cr+] measured with STEAM agreed better with the MM-uncorrected MEGA-sLASER data than the MM-corrected data 
could suggest that 1) [GABA] quantified by LCModel may still have MM contamination, or 2) the editing efficiency of MEGA-sLASER is lower in vivo.   
REFERENCES: [1] Andreychenko A., et al. MRM. 2012;68:1018-1025. [2] Andreychenko A., et al. NMR Bio. 2013;26:1596-1601. [3] Terpstra M., et al. MRM, 
2002;47:1009-2012. [4] Near J., et al. NMR in Bio, 2011;24:1277-1285. [5] Waddell K. W., et al. MRI, 2007;25:1032-1038. . [5] Hetherington H. P., et al. 
MRM, 1998;39:6-10. Acknowledgements: MRC and University of Nottingham. 

Table 1. Comparison of STEAM and MEGA-sLASER sequences.
Intra-

subject 
CV% 

Inter-
subject CV 

% 

[GABA]/[Cr+]
(beforea and afterb relaxation 

correction) 
Region OCC OCC M1 OCC M1

STEAM ~5 24 53 0.21 ± 0.05 0.11± 0.06
MEGA-
sLASER 

~6 17 9 010±0.02a

0.11±0.02b 
0.060± 0.005a

0.067± 0.006b 

Fig. 1 . MEGA-sLASER sequence. 
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