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Introduction: It was recently shown that magnetic resonance electrical impedance tomography (MREIT) (1) can provide high resolution cross-sectional 
conductivity (σ) distribution of biological tissues by measuring current-induced magnetic flux density (Bz), which appears as perturbation in image phase, at least 
twice in different orientations and then exploiting the relation between ∇2Bz and ∇σ (2). However, conventional MREIT suffers from long imaging time and low 
phase sensitivity, potentially resulting in inefficient conductivity estimation. Current-controlled alternating SSFP-FID (3) was proposed as an alternative to achieve 
rapid encoding as well as high nonlinear phase sensitivity. Nevertheless, since the nonlinear phase model includes both tissue relaxation and Bz properties, the 
former has to be known as a priori for conductivity estimation, which requires multiple separate acquisitions. In this work, we propose a novel, current-controlled 
alternating reversed dual echo steady state (DESS) MREIT for joint estimation of tissue relaxation and electrical properties in a single measurement.  
Signal Acquisition: A timing diagram the proposed, current-controlled alternating reversed DESS and the corresponding extended phase graph is shown in Fig. 1. 
As compared to conventional DESS, the time of echo (TE) for SSFP-FID and SSFP-ECHO is reversed to each other such that the former is refocused later than 
the latter by adjusting the gradient configuration in the readout direction. It was shown in (3) that in the presence of current injection the phase sensitivity in SSFP-
FID, particularly if current injection precedes its signal encoding, is much higher than that in SSFP-ECHO. Thus, the alternating reversed DESS pulse sequence 
further enhances the phase sensitivity of SSFP-FID due to the elongated TEFID while increasing the signal intensity in SSFP-ECHO due to the shortened TEECHO.  
Signal Model and Parameter Estimation: Exploiting all alternating SSFP-FID and SSFP-ECHO (4 signals in each orientation), we constructed six ratiometric, 
nonlinear signal models in Eq. 1 that are presumed to be sensitive to T1, T2 and current-induced Bz,1 and Bz,2. Then, the corresponding, nonlinear inverse problem 
in Eq. 2 was solved voxel-wise using the Levenberg-Marquardt (LM) algorithm in Eq. 3, leading to the estimation of T1, T2, Bz,1 and Bz,2.  
Monte-Carlo Simulation and Parameter Optimization: Numerical simulations were performed to investigate whether or not a unique solution for T1, T2, and B1 
can be determined (Eq. 4). To optimize nominal flip angles (α1, α2) for the two measurements that yield minimum variance in the estimated parameters, Monte-
Carlo simulations were performed in which for a pair of α1/α2 10000 IID Gaussian noise signals with the standard deviation of 0.005 were added to all SSFPs and 
then variance in the estimated parameters were calculated. Simulation parameters were: TR/TEECHO/TEFID=18/3/15ms, T1/T2=500/100ms, and Bz,1/Bz,2=30/15nT. 
Experiments: A set of data was acquired in a phantom consisting of two compartments (chicken breast and porcine muscle) with background saline solution (0.2 
S/m) on a 3 T (Magnetom Trio, Siemens Medical Solutions, Erlangen, Germany) using the proposed method. Current injection was performed at two orthogonal 
directions, respectively, with an amplitude of ±10mA and duration of 10ms. The imaging parameters were: FOV=180x180mm, in-plane matrix=128x128, 
partitions=8, thickness=4mm, TR/TEECHO/TEFID=18/3/15ms, α1/α2=60°/20°, average=6, and imaging time=6min. An actual flip angle map was obtained as a priori 
using the double angle method. With the estimated Bz,1 and Bz,2, conductivity was calculated by the harmonic Bz algorithm (4). As a reference, parameter maps, T1, 
T2, and σ, were found by employing inversion recovery fast/turbo spin echo with multiple IR times, SE with multiple TEs, and conventional SE MREIT, respectively. 
Results and Discussion: There are multiple local minima over the entire range of T1 and B1 (Fig. 2a) whereas there exists a global minimum for T2 vs B1 (Fig. 2b) 
and T1 vs T2 (Fig. 2c), demonstrating the necessity of B1 map as a prior to uniquely determine relaxation parameters. From Monte-Carlo simulations, optimal 
values for α1/α2 were determined as 60°/20°. The estimated parameters in the proposed method are comparable to those in the corresponding references (Fig. 4). 
Conclusion: We successfully demonstrated that the proposed, current-controlled alternating reversed DESS MREIT method is a promising strategy for joint 
estimation of tissue relaxation and electrical properties without apparent loss of accuracy. 
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