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Measuring Temporal Stability of the Static Magnetic Field in MRI for MREIT
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Introduction

Magnetic Resonance Electrical Impedance Tomography (MREIT) finds important role in neuromodulation techniques like deep brain stimulation (using implanted electrodes) and transcranial electrical stimulation (using surface electrodes). MREIT works on the principle of detecting changes in the static field of MRI scanner due to the weak magnetic fields produced in tissue by applied currents. The current induced magnetic fields are generally on the order of nano Tesla and the inherent temporal drift of the scanner can easily mask these fields. Moreover susceptibility artifacts near the implanted electrodes can also cause signal loss impairing the detection of magnetic fields close to the stimulation site. In this study, we performed static field stability measurements to assess the temporal drift of a 4.7 T Agilent magnet system using an asymmetric spin echo sequence that can also be used to measure the relative susceptibility of implanted electrodes.
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Experimental

A 50ml cylindrical tube was filled with 2% agar gel phantom doped with sodium chloride and copper sulphate to improve its conductivity. The background magnetic fields were characterized using a dedicated pulse sequence 


(1) ADDIN EN.CITE  with varying free precession delay times (Tfp) of 0, 0.5, 1, 1.5, 2 ms, using a TR = 1000 ms and TE = 14 ms. The images were acquired at a resolution of 250 x 250 μm2 and slice thickness of 1 mm. A total of 10 slices were acquired and the entire experiment set was repeated two more times. The total imaging time for each experiment set was ten minutes. Changes in static magnetic field maps across the three experiment sets were computed to assess the temporal stability of the magnet system.
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Results and Discussion

Fig.1 shows the asymmetric spin echo pulse sequence used for the data acquisition. The top row in Fig.2 shows the computed field perturbation in the gel phantom calculated as a linear fit to the measured phase as per the equation, 
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, for all the three experiment sets. The bottom row of images in Fig 2 shows the difference in the computed field maps across the three experiment sets. The magnetic field values are shown in tesla. The measurement could be prone to temperature changes affecting field uniformity produced by constant switching of the imaging gradients. The difference maps fail to reveal any variations in the static magnetic field of the scanner.
Conclusions

The results indicate that the 4.7 T Agilent system is quite stable for measurements of current density distributions using MREIT. Future work will involve current density characterization following electrical stimulation into excised tissue and in vivo.
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Figure I. Asymmetric spin echo sequence used for measurements.





Figure II. (Top row) Magnetic field perturbations measured using the asymmetric spin echo sequence for three repetitions of the experiment.  (Bottom)  Difference maps showing that the measured field maps are identical over time indicating no temporal drift.
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