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Quantification of Sodium Triple Quantum MR Signal at 21.1 T

Schepkin, V.D. (NHMFL); Neubauer, A. (Heidelberg U., Physics); Budinger, T.F. (U. of California, Berkeley, BioEngineering); Helsper, S. (NHMFL) and Schad, L. (Heidelberg U., Computer Assisted Clinical Medicine)  

Introduction

Sodium, as many other low gamma nuclei, has spin S > 1/2.  As a result, it can experience electrical quadrupole interactions, that increase the line width of MR signals.   In this case, part of the MR signal may be unobservable, and needs to be corrected for quantification, for example, in the triple quantum experiments.  This situation will be demonstrated below using sodium MR signals from an agarose sample containing sodium chloride, where the residual quadrupole interactions are comparable to sodium detected in vivo [1].  As a control, a saline solution was used, where the first order quadrupole interactions are averaged by motions.  
Experimental


Samples were prepared from saline (0.9% NaCl) where some of them contained agarose 7.5 % (W/W) [1]. The MR measurements of sodium signals (frequency 237.7 MHz) were performed using Bruker Avance III console and 21.1 T magnet.  Several power levels of the RF transmitter were selected and the 90ᵒ pulse duration was determined in each case, by incrementing a duration of the RF pulse in 30-50 steps.  The final sodium MR peaks were measured by the corresponding 90ᵒ pulse using a repetition time of 1 s, NA = 1, SW = 10 kHz, np = 4096.  All experiments were performed at room temperature.
Results and Discussion


Dependence of the sodium MR signal on duration of the 90ᵒ pulse in agarose is fitted by linear function and is presented on Fig. 1.  The MR signal loss in agarose could be up to 10%.   It is important to note that the multiple pulses will produce a multiple accumulation of this effect.  For comparison, the MR signal loss in saline solution is much less.  In this case, the main contribution to the signal loss is different and may be from parts of the sample that are located outside the homogeneous volume of the magnet.  
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Conclusions

The power dependence of MR signals needs to be considered for quantification of the results of experiments.  The increase of RF power can decrease the indicated loss of the MR signal.  However, the current RF probe has a power limitation that is mainly due to the voltage limits of the variable tuning capacitors.
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Fig.1 Dependence of sodium MR signal in agarose sample (left) and saline solution (right). The agarose sample is a good model of in vivo sodium quadrupole interactions. 








