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39K and 23Na Relaxation Times and MRI of Rat Head at 21.1 Tesla
Nagel, A.M.; Umathum, R.; Rösler, M.B.; Ladd, M.E. (DKFZ-German Cancer Research Center); Litvak, I.; Gor’kov, P.; Brey, W. and Schepkin, V.D. (NHMFL)
Introduction

Sodium (Na+) and potassium ions (K+) play a vital role in many cellular processes. The enzyme Na+/K+-ATPase contributes to a concentration gradient across the cell membrane, resulting in a low extracellular K+ (2.5–3.5 mM) and a high intracellular K+ concentration (140 mM). These concentrations largely affect the excitability and the membrane potential of cells. Thus, in vivo imaging of these ions [1,2] is highly desirable and might provide insights into pathophysiological processes in several diseases. Compared to protons, these nuclei exhibit low NMR sensitivity and ultra-high-field imaging (B0 ≥ 7T) is a prerequisite for efficient 23Na and 39K MRI. The aim of this work was to evaluate the change in relaxation properties of model solutions between 7 T and 21.1T to provide data for pulse sequence optimization.
Experimental


MRI experiments were conducted using a vertical widebore 21.1T magnet (NHFML) and a Bruker Avance console (PV5.1 software). The NMR frequencies of 23Na and 39K were 237.5 MHZ and 42.0 MHz, respectively.

Relaxation time measurements of model solution containing 154 mmoL/L NaCl or 154 mmol/L KCl and different agarose gel concentrations (0% to 5%) were performed at 7 and 21.1 Tesla. For the 7T measurements a whole-body 7T MR system (Siemens, Healthcare, Germany) was used. A spin-echo and a global inversion recovery sequence were used to determine transverse (T2) and longitudinal relaxation times (T1), respectively. The short and long components of the transverse relaxation times (T2f and T2l) were fitted using a bi-exponential model. Using the theoretical equation for the long component of the transverse relaxation time (T2L; equation [1]), the correlation times and quadrupolar coupling constants were derived. 
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Results and Discussion


Transverse and longitudinal relaxation times of model solutions are increased at the higher magnetic field strength (Fig. 1). In agarose gel, the 39K correlation times are on the order of 10 ns, which is one order of magnitude larger than the 23Na correlation times. The calculated quadrupolar coupling constants for 23Na are larger than the quadrupolar coupling constants for 39K by roughly a factor of 3 to 5.
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Conclusions

39K and 23Na relaxation times show a distinct increase with magnetic field strength, which is beneficial for MRI at ultra-high magnetic field strengths. The shorter correlation times of 39K and the lower resonance frequency are the sources of the shorter relaxation times.
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Fig.1 Ratios of the relaxation times at high and low magnetic field strength. Both, T1 and T2 relaxation times increase with magnetic field strength. The increase is more pronounced for 39K, indicating that the 39K nucleus experiences longer correlation times in the model solutions. There is a trend to increased ratios for higher agarose gel concentrations.
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