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Abstract— Magnetic resonance electrical impedance tomography (MREIT) aims to produce
cross-sectional images of conductivity distributions inside animal and human subjects. In this
study, we validate its feasibility by performing conductivity imaging experiments of animal and
human bodies. We attached four carbon-hydrogel electrodes on the imaging area and placed
the imaging object inside our 3T MRI scanner. We injected imaging currents in a form of short
pulses into a chosen imaging area, of which timing was synchronized with an MRI pulse sequence.
Obtaining images of induced magnetic flux density distributions inside the imaging object, we
reconstructed conductivity images using the single-step harmonic Bz algorithm. Reconstructed
conductivity images of the canine heart, kidney, prostate, and other organs exhibit unique contrast information which is hardly observed in other imaging modalities. The conductivity images
of the human lower extremity well distinguished different parts of the subcutaneous adipose tissue, muscle, crural fascia, intermuscular septum and bone. Providing cross-sectional conductivity
images, MREIT may deliver unique new diagnostic information in its future clinical studies.
1. INTRODUCTION

The electrical conductivity values of biological tissues may provide valuable diagnostic information
that is not readily available from existing imaging modalities. Magnetic Resonance Electrical
Impedance Tomography (MREIT) is a lately developed impedance imaging method that is expected
to provide cross-sectional conductivity images of the human body with a spatial resolution of a few
mm [1–3]. Injected current into an electrically conducting object including the human body induces
internal distributions of current density, voltage, and magnetic flux density.
In MREIT, we use an MRI scanner with its main magnetic field pointing the z-direction to
measure the induced magnetic flux density Bz that is the z-directional component. Multiple injection currents using at least two pairs of electrodes are adopted to produce multiple Bz data [3].
One may add a few voltage measurements to the data set. We apply a conductivity image reconstruction algorithm to the data set and produce multi-slice cross-sectional images of a conductivity
distribution inside a chosen three-dimensional imaging domain [3]. The purpose of this study is to
show the potential of the MREIT technique as a new clinically useful bio-imaging modality through
whole body animal and human imaging experiments.
2. METHODS
2.1. MREIT System

MREIT imaging experiments are performed inside a 3T MRI scanner (Magnum 3, Medinus Co.
Ltd., Korea) that is equipped with a constant current source. Figs. 1(a) and 1(b) show a MRI
scanner and an MREIT current source Fig. 1(c) shows a carbon-hydrogel electrode (HUREV Co.
Ltd., Korea) used in most MREIT experiments. It comprises the 80×80 mm2 thin carbon electrode
(1.6 S/m conductivity and black color), 80 × 80 × 5 mm3 hydrogel (0.17 S/m conductivity and blue
color), and 80 × 80 × 0.7 mm3 hydrogel with adhesive (0.05 S/m conductivity and white color). By
using large electrodes with a wide coverage of the circumference, we tried to induce a more uniform
internal current density distribution.
2.2. Animal Experiment

Imaging objects were ten healthy laboratory beagles (4 males and 6 females, 2–3 years old, weighing
8–15 kg). To prevent dribbling, we injected 0.1 mg/kg of atrophine sulfate. Ten minutes later, we
anesthetized the dog with intramuscular injection of 0.2 ml/kg Tiletamine and Zolazepam (Zoletil
50, Virbac, France). Twenty minutes later, we sacrificed it with an intravenous injection of 80 mg/kg
KCL (Entobar, Hanrim Pharmacy, Korea). After clipping the hair, we attached four carbonhydrogel electrodes around the imaging area (Fig. 2(a)). We placed the animal inside the bore
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Figure 1: (a) 3T MRI scanner, (b) MREIT current source and (c) carbon-hydrogel electrode.

(a)

(b)

Figure 2: MREIT imaging setup inside the bore for (a) animal and (b) human experiment.

of our 3T MRI scanner. This procedure was approved by the Institutional Animal Care and Use
Committee (IACUC) of Konkuk University, Seoul, Korea.
We injected currents in two mutually orthogonal directions between two pairs of electrodes facing
each other. The injection current amplitude ranged from 25 to 35 mA. We adopted multi-echo based
ICNE pulse sequence [4]. The imaging parameters were as follows:
1. Chest and pelvis imaging: TR/TE = 1000/30 ms, FOV = 240×240 mm2 , matrix size = 128×
128, slice thickness = 5 mm, number of slices = 8, NEX = 24 and total imaging time = 200 min.
2. Abdomen imaging: TR/TE = 1200/30 ms, FOV = 280 × 280 mm2 , matrix size = 128 × 128,
slice thickness = 4 mm, number of slices = 8, NEX = 10 and total imaging time = 100 min.
2.3. Human Experiment

Six healthy volunteers (three for calf and three for knee imaging, 2530 years old) participated
in the imaging experiments. The experimental protocol was the same as the one described by
Kim et al. [5] and approved by the institutional review board (IRB). We attached four carbonhydrogel electrodes around the knee or calf as shown in Fig. 2(b). We chose one pair of opposite
electrodes to inject current. We gradually increased the current amplitude from zero mA to a pain
threshold. We recorded current amplitudes at thresholds of sensation and pain. After repeating
the same procedure for the other electrode pair, we determined the imaging current amplitude as
95% of the smaller pain threshold. After this setup, we placed the subject inside the bore of our 3T
MRI scanner with the four electrodes connected to a custom designed MREIT current source [3].
2.4. Conductivity Image Reconstruction

We used the single-step harmonic Bz algorithm implemented in CoReHA for multi-slice conductivity
image reconstructions [5]. All conductivity images presented in this paper should be interpreted as
scaled conductivity images providing only contrast information.
3. RESULTS AND DISCUSSION
3.1. Animal Images

Figure 3(a) shows images of a canine chest. The reconstructed conductivity image reveals conductivity contrasts among the heart, longissimus thoracis muscle, and thoracic wall. Since MR signals
from the lungs are weak, conductivity images of the lungs show peculiar noise patterns.
Figure 3(b) shows images of a canine upper abdomen. Conductivity images reveal different
organs including the liver, stomach, gallbladder, and blood vessels. Fig. 3(c) shows images of a
canine lower abdomen. Conductivity images distinguish organs including the spinal cord, peritoneal
cavity, kidney, liver, large and small intestines, spleen, and stomach. The peritoneal cavity, which
mainly consists of conductive fluids, shows a high conductivity value.
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Figure 3(d) shows images of a canine pelvis. Conductivity images exhibit different contrasts for
the prostate, sacrum, rectum, and surrounding muscles. Compared with the MR magnitude image
of the prostate, the conductivity image shows a clear contrast between the central and peripheral
zones which are closely related with the prostate cancer and benign prostatic hyperplasia.
3.2. Human Images

Figure 4 shows MR magnitude, magnetic flux density (Bz ), and reconstructed conductivity images
of the knee. In (b), we can see that signal void occurred at the outside of the bones. The conductivity image in (c) exhibits spurious noise spikes there. Reconstructed conductivity images well
distinguish different parts of the subcutaneous adipose tissue, muscle, synovial capsule, cartilage
and bone inside the knee. Conductivity images of the compact bone showed a comparable contrast
with surrounding adipose tissues.
Figure 5 shows MR magnitude, magnetic flux density (Bz ), and reconstructed conductivity
images of the calf We can distinguish the skeletal muscle, adipose tissue, crural fascia, intermuscular
septum, and yellow marrow. MR signal void has occurred in the ring-shaped cortical bone of the
tibia primarily due to the lack of protons and we should expect noisy pixels within such a ringshaped region in both Bz and conductivity images.

(a)

(b)

(c)

(d)

Figure 3: MR magnitude (M ) and reconstructed conductivity image (σ) of canine whole body, (a) chest,
(b) upper abdomen, (c) lower abdomen, and (d) pelvis.
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Figure 4: (a) MR magnitude, (b) magnetic flux density, and (c) reconstructed conductivity images of human
knee. The typical anatomical structure of the knee is labeled in (a).
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Figure 5: (a) MR magnitude, (b) magnetic flux density, and (c) reconstructed conductivity images of human
calf. The typical anatomical structure of the calf is labeled in (a).
4. CONCLUSIONS

It is premature to affirm that MREIT is of clinical value. Imaging experiments of various disease
animal models must be undertaken before clinical trials. We should identify clinical problems where
conductivity images may add significant diagnostic values. These experimental validation studies
demand technical progresses in terms of specialized MREIT pulse sequences and RF coils. Spin
echo based pulse sequences have been widely used in MREIT and produced postmortem and in
vivo conductivity images of animal and human subjects. The image quality depends on the SNR
of measured magnetic flux density images. In order to reduce the scan time and current amplitude
while keeping the image quality, we are developing fast pulse sequences for MREIT. MREIT must
also be accompanied by recent technical advancement in general MRI technology. Providing crosssectional conductivity images with a spatial resolution of a few millimeters, we expect MREIT to
deliver unique new diagnostic information.
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