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Comparison of Susceptibility Artifacts in MREIT due to Different Electrode Materials
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Introduction

Artifacts in a Magnetic Resonance Electrical Impedance Tomography acquisition due to the difference in magnetic susceptibility between the electrode material and brain tissue hamper the ability to quantify current distribution close to the electrode. Implanted electrodes for electrical stimulation in animal research are primarily made of tungsten which produces significant susceptibility artifacts. In this work, we manufactured biocompatible electrodes made of carbon fiber and compared the susceptibility artifacts it generated to that produced by copper and tungsten.
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Experimental
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Carbon fiber electrodes of 50 µm and 150 µm thickness were manufactured following the method in Dunn et al 


(1) ADDIN EN.CITE  by coating them with PVDF, a biocompatible polymer, to provide stiffness. Tungsten wire coated with polyimide was sanded to approx. 50 µm to expose the bare tungsten. The tungsten and carbon electrodes were placed in a 50ml tube containing distilled water and imaged using the 4.7 T Agilent magnet system, AMRIS Facility, University of Florida. Gradient echo scans with the following imaging parameters were acquired: TR = 500 ms, TE = 15 ms, In-plane resolution: 117 µm, Slice thickness = 1 mm, Matrix size = 256 x 256. Copper (~150 µm thick) electrodes were suspended alongside size matched carbon electrodes from the cap of a box phantom filled with distilled water, such that their longitudinal axis was perpendicular to the static magnetic field. Spin Echo and Gradient echo acquisitions were performed to visualize the susceptibility artifacts. Imaging parameters: TR = 2000 ms, TE = 45 ms, Averages = 2, Slice Thickness = 1 mm, Resolution = 175 µm in plane. 
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Results and Discussion

[image: image5.jpg]


Fig.1 and Fig.3 show the experimental setup and comparison of the artifacts between carbon and tungsten electrodes. Carbon (χv = -14e-6) has a volume susceptibility closer to that of brain tissue which is predominantly water (χv = -9.1e-6) when compared to tungsten (χv = 75e-6) and therefore produces significantly lesser artifacts. Fig.2 and Fig.4 show the setup for the copper-carbon experiment and the more comparable artifacts between copper and carbon electrodes as Copper (χv = -9.63e-6) has a susceptibility closer to that of water compared to carbon. However copper is not a material suited for making implanted electrodes as it reacts with brain tissue. 
Conclusions

Carbon electrodes that produce significantly less artifacts compared to tungsten electrodes and are also biocompatible, were successfully manufactured and tested. Future work will involve artifact quantification after implantation into brain tissue and use of these electrodes in MREIT experiments in vivo.
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Figure 1: Experimental Setup for Carbon Tungsten testing





Figure 2: Phantom for electrode imaging





Figure 2: Susceptibility artifacts of Carbon and Tungsten





Figure 4: GE (left) and SE (right) coronal images showing susceptibility distortion of copper and carbon-fiber  electrodes. Copper electrode (top) stripped of insulation ~ 130 μm diameter, carbon-fiber electrode (middle) ~ 150 μm diameter with PVDF, and copper electrode (bottom) with insulation retained (130 μm diameter) 
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