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Target Audience: Researchers and radiographers wishing to optimize their scanning protocols for robust GABA quantification.   
Purpose: While the use of the MegaPRESS GABA-editing MRS sequence for measurement of GABA in the human brain is becoming increasingly widespread, there is 
little evidence in literature to guide choices of some basic sequence parameters – including the number of acquisitions needed to obtain a reliable, reproducible 
estimate of metabolite concentration. The present investigation addresses this issue, through systematically examining the effects of increasing scan time on the 
reliability of metabolite concentration estimates.   
Methods: One long MegaPRESS acquisition was performed from a 27ml volume within the occipital lobe of nine healthy volunteers (age approx 20-33 years).  
Nominal placement was of a 28x32x30mm volume in the occipital lobe just left of the midline, with some individual variation to minimise signal from the ventricles 
and non-brain regions (while maintaining an equivalent volume). Data were acquired on a 3T GE Signa scanner with an 8-channel head coil, with TE=68ms, 
TR=3000ms, and 8-way phase cycling – typical parameters in accordance with current practices[1]. Scan time estimates provided in this article are approximate, and 
assume these parameters. Subjects were requested to lie as still as possible, however no supplementary physical restraints were employed.  

For each subject, NR=600 repetitions were performed (in addition to the water reference), with a total scan duration around 30 
minutes. Standard pre-processing steps (combining individual receiver signals[4], phase correction, frequency drift correction[5]) 
were applied to each dataset as a wholei. No attempt was made to detect motion, nor to reject frames apparently subject to 
excessive motion. Where a typical preprocessing routine would then average all repetitions to give a final signal for 
quantification, in the present experiment data are instead subdivided variously, creating data equivalent to several shorter scans. 

Subdivision of the data frames followed two key schemes. First, for various lengths of between 32 and 600 frames, several 
random subsets of frames were selected, and grouped according to the number of frames contained therein – Figure 1a 
illustrates this for a group of 192 frame subsets. Data from each subset was then averaged and quantified. The selection of 
random subsets would effectively eliminate any systematic effects across the length of the acquisition, as well as mitigating the 
impact of any transient effects, such as may result from subject movement. 

In addition to the randomised subsets, data frames were also split into contiguous blocks of various lengths, as 
illustrated in figure Figure 1b,c – providing a more realistic indication of how the spectra and resulting estimate 
evolve over time (complete with systematic and transient effects). This would serve as validation for the analysis 
on randomised subsets, and also potentially provide a recommended upper limit on scan time, whereafter 
cumulative disturbances become problematic. Block sizes were constrained to multiples of the phase cycle length. 
Spectral quantification was performed using LCModel[6], which has been shown to produce slightly more 
consistent results than alternative packages[1,3]. A simulated MegaPRESS basis set and constrained baseline were 
used in the fit. 

Results: Coefficients of variation (CVs) were calculated on the GABA estimate for each subject, within each group 
of randomised subsets; the outcome is summarised in Figure 2 – showing substantial improvements in CVs 
up to about 256 repetitions. Additionally, error fractions estimated from data in each of the contiguous 
blocks is summarised in Figure 3. Since the actual concentration is unknown, quoted errors are relative to 
the estimate which minimises error across all samples -- that is, the mean of all estimates per subject. 
Discussion: Taking first the randomised subsets (Figure 2) one notes that the average CV becomes 
acceptable around 7% (+/-2%) after NR=256 repetitions (13 minutes); only modest gains are seen beyond 
this point – noting also that there will be increasingly large overlap in the randomised subsets beyond 300 
repetitions, creating some bias in CV estimates for NR > 300. A similar trend is seen for other metabolites 
visible in the edited spectrum (most notably Glx and NAA+NAAG, a typical reference for quoting relative 
concentration estimates), with CVs for Glx being marginally higher, and those for NAA+NAAG being 
somewhat better. 
This finding is consistent with results from the sequential blocks, which show the mean error on GABA 
estimates dropping below 10% after NR=192, and error for all subjects in this cohort being below 10% after NR=240. 

Another detail of interest from the sequential blocks is that, although the signal-to-noise ratio (SNR) for the fit continues to improve, the concentration estimates 
begin to diverge after some time, in some cases showing distinct steps. Thermal drift is not indicated as a factor. Although some variation may be explained by 
fluctuations in the actual GABA concentration during the course of the scan, the patterns observed here appear more likely to be the result of subject motion, as 
subjects become increasingly restless towards the end of the long scan. This allows an upper bound on scan time to be proposed, at 20 minutes (400 averages). 
Conclusion: Based on these findings, an optimal scan length of 256 averages (almost 13 minutes of scanning) is proposed for the most reliable, reproducible 
measurements. In certain circumstances a somewhat shorter scan of 192 averages (10 minutes) may be acceptable with sufficiently large groups, however 
investigating individual effects at this level will be very difficult. It is noted that performance of the MegaPRESS sequence may vary somewhat from region to region, 
and between different hardware and software implementations, nonetheless the recommendations presented herein provide a reasonable starting point, and the 
methodology is readily transferable to other scenarios should further refinement be required. 
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i Original preprocessor implementation by Ralph Noeske of GE Healthcare, with in-house customisations. 
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Figure 1: Illustrative subdivision of data frames

Figure 2: CVs for random subsets of various lengths 

Figure 3: % error for progressively larger repetition count
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