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 Abstract—We present a preliminary experimental study of 
electrical conductivity imaging using an 11T Magnetic 
Resonance Electrical Impedance Tomography (MREIT) 
system. The primary goal was to evaluate the noise level in 
measured magnetic flux density data subject to an injection 
current. We found that the noise level from the 11T system is 
about 0.2nT whereas it is about 1.4nT using a 3T system. 
MREIT conductivity images reconstructed using the 
magnetic flux density data from the 11T system are much 
clearer because of the reduced noise level. Our results suggest 
that the 11T MREIT system will capability to image small 
conductivity changes induced by spontaneous neural activity.  

 
Keywords—MREIT, conductivity image, magnetic flux 

density, noise level, neural activity 
 
 

I.  INTRODUCTION 
 
 The goal of Magnetic Resonance Electrical Impedance 
Tomography (MREIT) is to provide conductivity images of 
an electrically conducting subject such as the human body 
with an MRI scanner — using the relationship between an 
injection current and measured data of the induced magnetic 
flux density [1-5]. In MREIT, we inject electrical current 
into the subject through a pair of surface electrodes so that it 
produces a current density distribution J = (Jx,Jy,Jz) inside 
the subject. The presence of the internal current density J 
and the current along the external lead wires induces a 
magnetic flux density distribution B = (Bx,By,Bz). In recent 
MREIT techniques, we measure only Bz where z is the 
coordinate parallel to the direction of the main magnetic 
field of the MRI scanner.  These data are sufficient to 
produce tomographic images of current density and 
conductivity.  Additionally, collection of only Bz avoids the 
need for subject rotation inside the MRI scanner to obtain Bx 
and By [6-11]. 
 Recent MREIT experimental papers have demonstrated 
cross-sectional conductivity images of saline phantoms 
[7,10] and biological tissue phantoms [11]. Using a 3T 
MREIT system, the spatial resolution was found to be 
comparable to that of a conventional MR image as long as 
the amount of the injection current was chosen so that the 
resulting signal-to-noise ratio (SNR) in measured Bz data 
was high enough [10,11].  
 However, there still is a strong need for noise reduction 
in Bz data. First, we must minimize the noise level to image 

small changes in a conductivity distribution, is particularly 
relevant when using MREIT to image conductivity changes 
associated with neural activity [12]. Second, the amount of 
injection current must be reduced until the induced magnetic 
flux density signal is just bigger than the noise level. The 
reduction of induced current is especially important for 
clinical applications of MREIT.  This paper reports the 
results of the first MREIT experiments performed on an 11T 
system. 

II. METHODS 
 
A. MREIT Experiments 
 We constructed an acrylic phantom shown in Fig. 1. It 
was filled with a solution (3.125g/l NaCl and 1g/l CuSO4) 
whose conductivity was 0.625S/m. On the middle of four 
sides, four recessed electrode assemblies were attached to 
inject two currents, I1 and I2, into the phantom. Using 
recessed electrodes, we can avoid imaging artifacts caused 
by conventional surface metal electrodes [4,5,7]. The size of 
the recessed electrode assembly was 
7.55mm×7.55mm×10mm and the electrode was made of 
copper with a size of 5mm×7mm.  
 

 
(a) 

 
(b) 

Fig. 1. (a) Saline phantom. The height is 60 mm. (b) Horizontal cross-
section of the phantom. Numbers are in mm. 
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 In two independent scans, we measured two internal 
magnetic flux densities, Bz

1 and Bz
2, produced by diametrical 

injection currents I1 and I2, respectively. We used a multi-
slice spin echo (MSME) imaging technique such that the 
pulse sequence was synchronized with each injection current 
pulse. The amplitude and width of the injection current 
pulse were 20mA and 16ms, respectively. Phase images 
with a matrix size of 128×128 were calculated from the k-
space data. We converted unwrapped phase images into the 
magnetic flux density images using an appropriate scaling 
function. During the current injection, we measured the 
voltage between the other two electrodes that are not used 
for the current injection.  

We first performed the experiment using an MREIT 
system based on a 3T MRI scanner (Medinus Inc., Korea) at 
the Impedance Imaging Research Center (IIRC) in Korea.  
The field of view chosen was 140mm×140mm, TR was 
250ms, and TE was 14ms. Each of the eight slices was 1mm 
thick, and there were no slice gaps.  

Then, we repeated the same experiment using a system 
based on an 11T MRI scanner (Bruker Biospin, MA, USA) 
at the McKnight Brain Institute in Gainesville, Florida, USA. 
Here, the field of view was 100mm×100mm, TR was 600ms, 
and TE was 20ms. In this case, each slice thickness was 
1.19mm with no slice gaps.  Eight slices were captured.  
 
B. Noise Level Estimation 
 In MREIT, the measured magnetic flux density Bz is 
contaminated by an added Gaussian random noise. We 
defined the noise-contaminated measured magnetic flux 
density zB%  as 
 z zB B η= +% ,  (1) 
 
where η is a Gaussian random variable with zero mean and 
variance of sB

2. Following the analysis by Scott et al. [13], 
the noise standard deviation sB in measured zB%  is given by 
 
 sB =1/(2γTcΨM), (2) 
 
where γ =26.75 × 107 rad/T is the gyromagnetic ratio of 
hydrogen, Tc the width of the injection current pulse and ΨM 
the SNR of the MR magnitude image. 
 As shown in [6,7], when the conductivity distribution σ 
of an imaging subject is homogeneous, for example, σ = 1, 
we have  
 2 0zB∇ = . (3) 
 
This gives us 
 2 2

zB η∇ = ∇% . (4) 
 Because the image of zB%  was obtained as a two-
dimensional matrix ( , )zB m n%  with m, n=1, ⋅⋅⋅, 128, the  
 

double differentiation in (4) can be expressed as 
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where ∆ = ∆x = ∆y is the distance between two consecutive 
pixels along x and y-direction. Since all η's in (5) are 
independent and identically distributed Gaussian random 
variables with zero mean and variance of sB

2, the noise 
variance 2
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Therefore, the double differentiation of 2

zB∇ %  increases the 
noise power by a ratio of 5/4∆4. Because we can directly 
compute 2

2
B

s
∇

 from the calculated 2
zB∇ %  values, the relation 

in (6) provides a way to experimentally estimate the noise 
standard deviation sB in the measured zB%  data by 
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 Obtaining zB%  data from a homogeneous phantom, we 
can evaluate the relation in (7) by computing 2

zB∇ % . If sB 
from (7) and sB from (2) are approximately equal to each 
other, then we can confirm that the MREIT experiment was 
well performed. Otherwise, the experiment produced 
systematic artifacts in measured zB%  data in addition to the 
Gaussian random noise η in (1). 
 
C. Conductivity Image Reconstruction 
 We used the harmonic Bz algorithm [6,7] to reconstruct 
cross-sectional conductivity images. Though it can produce 
three-dimensional conductivity images of the phantom, we 
reconstructed a conductivity image only at the middle 
imaging slice because the phantom was homogeneous. 
 

III. RESULTS 
 
 Fig. 2(a) and (b) show the MR magnitude and magnetic 
flux density images, respectively, of the phantom from the 
3T MREIT system. Fig. 3(a) and (b) are the MR magnitude 
and magnetic flux density images, respectively, of the same 
phantom from the 11T MREIT system. Results of noise 
level estimations are summarized in Table 1. For the 11T 
data, there was some geometrical distortion in the outer area 
of the phantom as shown in Fig. 2(a). Therefore, we chose 
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the interior area marked with the dotted circle for the noise 
level estimation in Table 1. 
 Fig. 4(a) and (b) are histograms of 2 2

zB η∇ = ∇%  for the 
3T and 11T data, respectively. The discrepancies from 
Gaussian distributions are due to some systematic artifacts 
in measured magnetic flux density data zB% . Note that the x-
axis scale of Fig. 4(b) is different from that of (a). 
 Fig. 5(a) and (b) are the reconstructed cross-sectional 
conductivity images corresponding to the MR magnitude 
images in Fig. 2(a) and Fig. 3(a), respectively. Due to the 
geometrical distortion around the outer region in 11T image, 
the measured zB%  there contained bigger systematic artifacts. 
As a result, the 11T conductivity image in Fig. 5(b) is 
accurate only within the region delineated by the dotted 
circle. 

 
(a) (b) 

Fig. 2.  (a) MR magnitude and (b) magnetic flux density images from the 
3T MREIT system. Field of view was 140mm×140mm and image matrix 

size was 128×128. 
 

 
(a) (b) 

 
Fig. 3. (a) MR magnitude and (b) magnetic flux density images from the 

11T MREIT system. Field of view was 100mm×100mm and image matrix 
size was 128×128. Due to the distortion in the outer area of the phantom, 
we chose the interior area marked with the dotted circle for noise level 
estimation, results of which are summarized in Table 1 and Fig. 4(b). 

  
Table 1. Summary of noise level estimations in 3T and 11T data. 

 
Item 3T Data 11T Data 

ΨM in (2) 160 942 
sB in (2) 1.17 nT 0.124 nT 

sB in (7) 1.40 nT 0.199 nT 
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Fig. 4. Histograms of 2 2
zB η∇ = ∇% : (a) 3T and (b) 11T data. 
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(b) 

Fig. 5. Reconstructed cross-sectional conductivity images corresponding to 
the MR magnitude images in Fig. 2(a) and Fig. 3(a), respectively. In (b), 
reconstructed conductivity values in the region outside the dotted circle 

were inaccurate due to systematic artifacts in measured Bz data. 
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IV. DISCUSSION 
 
 Comparing the magnitude images in Fig. 2(a) and Fig. 
3(a), we can observe that the 11T system produced large 
distortions, especially in the outer area of the phantom. This 
distortion is believed to be due to inhomogeneity in both the 
main magnetic field and the gradient field. From analysis of 
the image in Fig. 3(b), we found that there are significant 
amounts of systematic artifacts in the measured Bz data. The 
effects of these errors in Bz data produced inaccurate 
conductivity values outside the dotted circle within the 
reconstructed image shown in Fig. 5(b).  
 Therefore, for the 11T system to be used effectively for 
MREIT, these geometrical distortions and systematic phase 
artifacts must be handled appropriately. In our forthcoming 
studies, we will investigate different ways of obtaining 
better phase data, including better shimming of the main 
magnetic field, reducing the field of view, choosing smaller 
imaging subjects and others. 
 Table 1 shows that the noise level in measured Bz data 
from the 11T system is about seven times smaller than that 
of the 3T system. The smaller amount of noise produced 
much cleaner conductivity image as shown in Fig. 5 when 
we consider the conductivity image within the dotted circle 
in Fig. 5(b). No averaging was used in these experiments, 
and we expect to get a noise standard deviation better than 
0.1nT from the 11T system by increasing the number of 
averages during MR data acquisition. 
 The biggest advantage of using the 11T system in 
MREIT is this lower noise level in measured magnetic flux 
density data. We speculate that it would be feasible to 
produce conductivity images showing the expected 3-5% 
conductivity changes [12] induced by spontaneous neural 
activities from animal brains using the 11T system.   
 Future study will be focused on developing better 
experimental techniques in MREIT using the 11T MRI 
scanner. The primary goal is developing a new technique 
called functional Magnetic Resonance Electrical Impedance 
Tomography (fMREIT) to image conductivity changes 
associated with spontaneous neural activities in small animal 
brains.  
 

V. CONCLUSION 
 
 For the first time, we present results of MREIT 
experiments performed at 11T field strength. We found that 
the noise level in measured magnetic flux density data is 
potentially smaller than 0.1nT using the 11T system. 
However, we also found that we must overcome technical 
problems related with geometrical distortion and systematic 
phase artifacts within the imaging subject. Planned studies 
will improve experimental MREIT techniques at 11T and 
higher field strengths for the application to functional 
MREIT imaging of animal brains. Our primary goal is to 
image conductivity changes associated with spontaneous 

neural activities in the brain. 
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