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The Development of the TQTPPI Imaging of 23Na+, 35Cl- and 39K+ at 21.1 T

Neubauer, A. (Heidelberg U.); Schepkin, V.D. (NHMFL) and Schad, L.S. (Heidelberg U.)
Introduction 

Living cells maintain concentration gradients of ions like sodium (23Na+), chlorine (35Cl-) and potassium (39K+) across the cell membrane. These concentration gradients lead, for neurons, to a net membrane potential of about -70 mV (also known as resting potential). Stimuli via drugs or alteration of the resting potential lead to changes in the ionic concentrations. Determining these changes in concentration can help to gain insight and a better understanding of pathologies like cancer and stroke. The first application of the TQTPPI pulse sequence in vivo was demonstrated earlier [1]. The current results are directed towards further investigation of the TQTPPI technique and possibility to perform MRI of the TQTPPI signals.
Experimental

A Triple Quantum filtered Sequence with Time Proportional Phase Increment (TQTPPI) [1,2] was implemented at the 21.1T MRI system at the CIMAR faculty using the ParaVision 6.0 (PV6.0) software. Spectra containing both triple quantum (TQ) and single quantum (SQ) contribution of  23Na+, 35Cl- and 39K+ were extracted from phantoms containing 0% to 7.5% agarose and ion concentration from 5 to 154 mM by use of the TQTPPI sequence. 23Na+ imaging by use of the TQTPPI sequence was performed with 154 mM NaCl and 7.5% agarose. 
Results and Discussion
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We observed an increase of the TQ contribution in the TQTPPI spectra 23Na+, 35Cl- and 39K+ with increasing agarose content. Decreasing the ionic concentration, while keeping the agarose at 7.5%, lead to a further increase of the TQ contribution in the spectra of all three nuclei. Figure 1 shows the spectra for 23Na+ at 21.1T. The increase of the TQ contribution with the agarose content can be clearly seen.  We found that 35Cl- develops the highest TQ contribution then follow 39K+ and 23Na+. Figure 2 shows the SQ and TQ images of the homogeneous NaCl phantom recorded by use of the TQTPPI sequence combined with 2D Ultra short Echo Time (UTE) sequence. The SQ image shows a 3 fold higher SNR than the TQ image. Both images show inhomogeneity arising from the reconstruction of the images. 
Conclusions

We implemented a TQTPPI sequence in order to separate different coherence orders of 23Na+, 35Cl- and 39K+ spectroscopically and demonstrated that the amount of TQ contribution depends on the nucleus. Further we demonstrated that it is possible to reconstruct images from the recorded spectra which do not contain any residual signal from other coherences. 
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Fig.1 TQTPPI spectra of 23Na+ at 21.1T is dependent on agarose content. 





Fig.2 Single (SQ) and triple quantum (TQ) SNR images recorded with the TQTPPI sequence. The SQ image shows a 3 fold higher SNR than the TQ image. 





Fig.1 TQTPPI spectra of 23Na+ at 21.1T in dependence of agarose content. The TQ contribution increases with agarose content








