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Purpose: To date, conventional EPI-based fMRI is the only method capable of providing real-time neurofeedback from a spatially 
specific ROI. Alternatively, functional single voxel proton spectroscopy (SVPS) can be used to achieve spatially specific BOLD 
neurofeedback at 7 T 1. The purpose of this work was to automatize and to evaluate this alternative approach by running real-time 
fSVPS experiments on high (3 T) and ultra-high (7 T) magnetic fields.  
Methods: The water spectra full width at half maximum is back-proportional to the T2* changes and can be used as a marker of the 
BOLD effect2. In order to estimate T2* from the unsuppressed water spectra in real-time, we therefore implemented a fully 
automated single lorentzian non-linear complex spectra fit (LNLCSF) with the Levenberg-Marquardt fitting algorithm3. To evaluate 
this procedure, we assessed the SVPS T2* estimates of primary motor cortex (PMC) and visual cortex (VC) activity in real-time at 3 T 
and at 7 T by running standard finger tapping and flickering checkerboard experiments. In addition, we performed a neurofeedback 
experiment using the SVPS T2* estimate based on the optimized linear regression (OLR) approach as the feedback signal1. LNLCSF 
and OLR T2* time courses were compared across a group of 7 participants at 3 T (28±7 yrs) and at 7 T (33±9 yrs) in terms of the 
percent signal change and t-statistics.  

SVPS target voxels were defined based on PMC and VC ROI coordinates which were localized by running standard functional 
localizers based on a single-shot gradient-echo T2*-weighted EPI sequence with 300 repetitions (TR = 1000 ms, 16 slices volumes, 
matrix size 64 x 64, voxel size = 3 x3 x 3.75 mm3, flip angle α = 77°, bw = 2.23 kHz/ pixel, TE = 30 ms at 3 T, TE = 28 ms at 7 T). At 3 T, 
water spectra were acquired using a spin-echo SVPS protocol with 300 repetitions (TE/TR = 30/1000 ms, flip angle α = 90°, bw = 1 
kHz, acquisition duration = 512 ms). At 7 T, acquisition protocol was slightly different, with TE = 20 ms, bw = 2 kHz, acquisition 
duration = 256 ms. Average SVPS voxel size was ~1 cm3. 
Results & Discussion: Our results showed that the automated real-time spectroscopy approach can reliably quantify T2* changes 
from the unsuppressed water peak (Fig. 1), and that it is feasible at 3 T and at 7 T. PMC and VC areas showed comparably high 
percent signal changes and comparable t-values of the T2* time courses estimated with LNLCSF and OLR at 3 T (∆%OLR = 4.1±1.8, 
∆%LNLCSF = 3.9±1.4; tOLR = 32.3±7.4, tLNLCSF = 28.2±7.9, p < 0.05). At 7 T, LNLCSF approach showed lower percent signal changes and 
lower t-values than OLR (∆%OLR = 4.4±2.2; ∆%LNLCSF = 1.7±1.1; tOLR = 20.9±10.3, tLNLCSF = 16.3±9.8, p < 0.05). At 7 T, the LNLCSF T2* 
estimation was biased by the single lorentzian assumption, but the advantage compared to OLR is that this approach is fully 
automated. The lower percent signal changes that we observed for the 7 T spin-echo acquisitions can be also due to the dominant 
microvasculature contributions4.  
Conclusions: We successfully automatized real-time water SVPS and showed that this new approach is of sufficient quality for 
neurofeedback purposes, which might lead to important scientific and clinical applications.  
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Figure 1: Real-time automated spin-echo SVPS assessment of the T2* changes at 3 T (A) and at 7 T (B). Original spectra (black) 
were preprocessed (blue) and fitted (red). (C) Group average T2* percent signal changes at 3 and 7 T.  
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