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In Vivo Phosphorous MR in Rat Head Using 31P-1H Volume Coil Assembly at 21.1 T
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Introduction 

The possibility to measure high energy phosphates at the ultra-high magnetic field of 21.1 T was established, providing a unique tool to investigate bioenergetics during multiple interventions and diseases in animal models.   It is advantageous to conduct 31P MR research at ultra-high magnetic fields such as 21.1 T, due to better MR spectral resolution and better sensitivity for the low concentration of phosphorous metabolites.  The decreased T1 relaxation times at higher fields, as was demonstrated for phosphocreatine at 16.4 T [1], is another attractive feature which decreases MR scan time at 21.1 T.
Results and Discussion


A probe head for magnetic resonance imaging and spectroscopy of 31P and 1H at 21.1 T was designed, constructed and tested. The coil assembly consisted of a linear birdcage for the 900 MHz 1H channel and a saddle coil for the 364 MHz 31P channel. Both coils consisted of foil strips patterned or applied to dielectric sheets which were then applied to the cylindrical former. For the 1H channel, an 8 rung birdcage was employed. For the 31P channel, a saddle coil was utilized. Because of the high resonance frequency, the two halves of the saddle coil were driven in parallel and each “half” was broken by capacitors at four points. The saddle coil was wrapped over the 1H coil and separated from it by a 2 mm sheet of polyethylene foam. The coils were placed at 90° to minimize inductive coupling. A coil former and the type of shield were described previously [2].

The finished, double tuned coil assembly exhibited an unloaded 31P tuning range of 347 to 367 MHz with a -3 dB Q value of about 82. Isolation between the 1H and 31P ports was 28 dB at 364 MHz and 33 dB at 900 MHz. The coil was operated in combination with the cradle system described in [2] to allow adjustment of tuning and matching from beneath the magnet. The duration of the 90 pulse was 110 (s for transmitter power of 300 W. The 31P MR spectrum from a rat head and the results of 31P MR imaging are presented below. 
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Conclusions

Phosphorous in vivo MR capacity was established at 21.1 T and the first experiments were performed using 31P/1H volume RF coil.  The tests included the routinely used MR pulse sequence ISIS (data not shown). This development expands the capability for our users to study in vivo bioenergetics.  The shorter T1 relaxation time for some 31P metabolites at the ultra-high magnetic field is beneficial to decrease MR scan time.  
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Fig.2 Ultra-short echo time (TE=0.11 ms) 2D MR imaging of 31P in sodium phosphate dibasic (150 mM).   The resolution was 1mm x1mm (no slice selection), the MR scan time is 6 min, number of accumulation, NA=1.





Fig.1 In vivo 31P MR spectrum from rat head using newly developed RF coil.  Scan time was 10 min, number of accumulations, NA=128.









