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Electrical Conductivity Mapping at 21.1 T
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Introduction 
[bookmark: _GoBack]	 Tissue electrical conductivity can be used as an additional diagnostic parameter, e.g. in tumor diagnosis and stroke therapy evaluation. Earlier studies have shown the feasibility of phase-based MR Electrical Properties Tomography (MR-EPT), which estimates conductivity as proportional to the Laplacian of the unwrapped B1 phase1. Although phase-based conductivity mapping benefits from higher field through increased signal-to-noise ratio and more B1 field curvature, the validity of underlying assumptions will be affected2. This work examines the possibility of reconstructing conductivity using only the B1+ phase instead of the complex B1+ field at 21.1 T. 

Experimental 
	All scans were performed using the 21.1-T magnet and a linear birdcage RF coil operating at 900 MHz. 
Phantom: Four plastic transfer pipettes containing 3 mL were used. To shorten T1, all had 1.5 g/L CuSO4 with different NaCl concentrations: 2 g/L, 6 g/L, 12 g/L and 36 g/L. The actual conductivity values measured with an HP dielectric probe were 0.63, 1.31, 2.09 and 5.13 S/m, respectively. 2D Spin Echo (SE) sequences were acquired with a TE = 9.5 ms, TR = 3 s and resolution of 400x400x1000 mm3. 
in vivo stroke model: To investigate brain ischemia, middle cerebral artery occlusion (MCAO) was used on three 150-g Sprague-Dawley healthy rats for 1-h followed by re-perfusion. They were imaged 24 h following the occlusion. 2D Fast SE (FSE) acquisitions were used with TE = 13 ms, TR = 6000 ms and resolution of 100x100x500 m3. Total scan time was 15 min.

[image: ][image: ]			       [image: ][image: ]      Fig 1.  Phase map	      Fig 2. Conductivity map           Fig 3. MCAO Phase map            Fig 4. MCAO Conductivity


	                                    
Results and Discussion
	Figs 1 and 3 show phase images while Figs 2 and 4 show conductivity maps of the phantom and an MCAO rat, respectively, with the stroke indicated by the red arrow. Average conductivity values were determined for the phantom: 1=0.49 ± 0.59 S/m; 2=1.38 ± 0.55 S/m; 3=1.92 ± 0.41 S/m;  4=4.93 ± 0.68 S/m, which showed agreement with expected values but larger variation for low conductivities. Conductivity values in the MCAO brain were: stroke region, =0.75 ± 0.14 S/m and contralateral side, =0.6 ± 0.27 S/m. For in vivo images, the average conductivity in the stroked region was notably 25% higher than the contralateral side. Boundary artifacts resulting from the combination of the Helmholtz equation and discrete calculation of Laplacian were visible around the tubes and particularly between tissue boundaries in the brain.

Conclusions
	Electrical conductivity mapping using only B1 phase is possible in piecewise constant dielectric regions. The error percentage of using transceive phase assumption for ultra-high fields has been evaluated.
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