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Introduction: High resolution cross-sectional conductivity (σ) distribution of biological tissues can be measured with magnetic resonance electrical impedance 
tomography (MREIT) (1), wherein the magnetic flux density (Bz) induced by current injection through a pair of electrodes synchronized with a MR pulse sequence 

appears as perturbation in image phase, and then the relation between ∇2Bz and ∇σ is exploited to generate conductivity images (2). In this work, we develop a 
current-controlled, alternating steady state free precession (SSFP) based MREIT for rapid conductivity imaging as an alternative to conventional time-consuming 
spin echo (SE) based MREIT. In the proposed SSFP MREIT, increasing population of capacitive current-induced higher-order echoes potentially deteriorates phase 
information, while coherent accumulations of current-encoded spin magnetizations result in nonlinear relation between image phase and Bz. To reduce capacitive 
current during radio-frequency (RF) pulses while retaining high phase sensitivity and signal-to-noise ratio (SNR) in Bz, four different current injection types are 
investigated using the signal formulation derived from the Bloch equation. Bz is extracted from SSFP MREIT data by solving nonlinear regularized inverse problem. 
Phantom experiments demonstrate that the proposed method, if compared with conventional SE MREIT, achieves rapid conductivity mapping without apparent 
loss of accuracy. 
 
Materials and Methods: A timing diagram and schematic of the proposed SSFP MREIT with the four different current injection types is shown in Fig. 1. Free-
induction-decay (FID) signals combined coherently with transverse magnetizations generated from both the previous RF pulses and spoiler gradients are acquired, 
hence the name SSFP-FID imaging. Figure 2 shows phantom images for either constant (Type I) or alternating (Type II) current injection synchronized with the 
SSFP-FID imaging. Capacitive current, which develops at electrode and tissue interfacing regions, perturbs magnetic fields even during RF pulse instances, 
resulting in increasing number of partially-spoiled spin pathways as the pulse repetition proceeds. Since Type I injection progressively builds up capacitive current, 
the corresponding images are severely impaired (Fig. 2a,b), whereas Type II injection controls capacitive current to be minimized in such a way that charging and 
discharging process alternately occurs, yielding artifact-free current-encoded images (Fig. 2c,d). Based on the Bloch equation, the current controlled, alternating 
SSFP signals can be formulated as Eq. 1 and Eq. 2 for Type II-1 and Type II-2 methods, respectively. Under the assumption that the nonlinearity of the image 
phase with respect to Bz is smooth, a piece-wise linear approximation yields a formulation of standard deviation of Bz (StdBz) as Eq. 3, where γ	 is the 
gyromagnetic ratio, Γ  the SNR in magnitude image, g(ϕ ) the image phase as a function of current-induced phase. Using the ratio of the two steady state 
signals, Bz is estimated by solving nonlinear regularized inverse problem (Eqs. 4-6), where F(x) is the steady state signal model, y the acquired data, and TV the 
total variation operator. Numerical simulations were performed to investigate the phase sensitivity and Bz SNR performance for the two types of alternating current 
injection. Phantom experiments were performed on a 3 T (Magnetom Trio, Siemens Medical Solutions, Erlangen, Germany) using SSFP-FID imaging with an 
optimal current injection scheme. As a gold reference, conventional SE MREIT imaging was also performed. A cylindrical phantom was used that consists of two 
cylindrical agar gel objects (2.79 S/m and 1.14 S/m, respectively) and a background saline solution (0.2 S/m). Current injection was applied in two orthogonal 

directions with an amplitude of ±10mA. Imaging parameters common to both the imaging methods were: FOV=150x150mm, in-plane matrix=128x128, slices=6, 

thickness=4mm, and bandwidth=500Hz/pix; those specific to the proposed SSFP MREIT were: TR/TE=15/12ms, flip angle=60°, average=10, TC=10ms, and total 
imaging time=7mins; those specific to SE MREIT were: TR/TE=1500/40ms, average=3, TC=34ms, and total imaging time=40mins. Additionally, tissue-specific 
parameters and B1 field inhomogeneity were estimated using inversion-recovery-turbo-spin-echo, multi-echo SE imaging, and double angle method for T1, T2, and 
B1 maps, respectively, as prior information to calculate Eq. 5. Following multi-coil image combination, current-induced Bz estimates in the two directions are 
processed using the harmonic Bz algorithm (2) implemented in CoReHA software package (3). 
 
Results and Conclusion: Simulated phase sensitivity (Fig.3) and StdBz (Fig. 4) in the proposed method indicate that current injection with Type II-1 outperforms 
that with Type II-2. Fig. 5 shows image comparison in the proposed method with Type II-1 current injection as compared with the reference (SE MREIT). 
Conductivity contrast among the three materials is comparable to that in the reference while imaging speed in the proposed method is over five-fold. In conclusion, 
the proposed current controlled, alternating SSFP MREIT is a promising strategy for reconstructing accurate conductivity with high imaging efficiency. 
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