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Abstract

Electrical impedance tomography (EIT) is a non-invasive technique for the estimation with a high temporal reso-
lution of the spatial impedance distribution in a cross section of the body. Electrodes are attached around the do-
main of interest (e.g. the thorax). Small alternating currents are injected and potentials are measured and used for
reconstruction. The reconstructed impedance images can be particularly useful for the treatment of patients with
acute respiratory distress syndrome (ARDS). This severe disease is characterised by atelectases and lung cedema
and, thus, changes of the impedance distribution in the thorax. An electrolytic thorax phantom is used for the
analysis of different pathology states. It contains simple functional units that mechanically simulate heart and
lung. In order to increase flexibility regarding the positioning of the electrodes, the simulation of the pathology,
the positions of the organs and tissue properties, a parameterised adjustable 2D-model has been developed. The
potential and current distributions are computed using the finite element method (FEM). The obtained images
show the potential for automatic closed-loop parameterisation and reconstruction algorithm evaluation.

volume changes, gastric emptying and head imag-

Introduction

Thoracic electrical impedance tomography (EIT) is a
method that aims at reconstructing images of internal
electrical property distributions (usually conductivity
and permittivity) in human or animal subjects [1-2].
Nelectrodes are equidistantly attached to the skin
around the subject’s thorax. All adjacent electrodes
are sequentiaily supplied with small sinusoidal cur-
rents (e.g. 5 mAm,, 50 kHz) using a digital-to-analog

ing [2]. EIT seems to be particularly useful for bed-
side monitoring of patients with acute respiratory dis-
tress syndrome (ARDS). This life-threatening disease
of the lung is characterised by pulmonary inflamma-
tions, which finally lead to alveolar lung oedema (wa-
ter in the lung) and atelectases (collapsed parts of the
lung) and, thus, changes of the impedance distribution.
State-of-the-art medical treatment includes artificial
ventilation with special ventilation schemes that can
be monitored in real-time by EIT [4].

converter (DAC), while the transfer voltages at the (V-

3) remaining electrode pairs are measured with an 2 Phantom and Model

For the development of EIT hardware and the valida-
tion of reconstruction algorithms, EIT phantoms are
widely used [5]. We added functional units to an exist-
ing electrolytic phantom in order to mechanically

simulate lung and heart, see fig. 2 and 3.
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analog-to-digital converter (ADC), see fig. 1.
Figure 1. Principle of EIT measurements around the thorax

(DSP = Digital Signal Processor).

As governed by Poisson’s equation, the resulting volt-
ages are a function of not only the applied current dis-
tribution, but also the internal and boundary imped-
ance distribution and the geometrical shape of the sub-
ject. This makes the image reconstruction an ill-posed
and nonlinear problem [3].

The reconstructed impedance images provide valuable
information for the refinement of several clinical
treatments such as artificial lung ventilation, cardiac

Figure 3. Electrolytic
thorax phantom (electrode
plane symbolised by the
dashed line).

Figure 2. Thoracic CT scan
of a pig directly in the elec-
trode plane (dark area = lung,
white “blob” = heart).
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In order to increase the flexibility of the experimental
set-up regarding the positioning of the electrodes, the
simulation of the pathology, the position of the organs
and tissue properties, a finite element model of the
phantom, or even of a porcine or a human subject,
would be advantageous. Even more beneficial would
be a fully automatic simulation cycle. This can be
achieved if the geometric model is described by a
small set of parameters. Hence, a parameterised 2D-
model of the thorax phantom has been developed,
which is controlled by MATLAB® and meshed with
ANSYS®.

The resulting mesh is transmitted to the iIMOOSE
package [6], which provides the finite element solver
as well as visualisation and post-processing facilities.
Re-entering the simulation results into MATLAB® al-
lows then a closed-loop parameter refinement and the
application of different nonlinear solver approaches to
the inverse problem.

3 Field simulation

The forward EIT problem is simulated using the Finite
Element Method (FEM). The formulation uses the
electric vector potential V as unknown. In Galerkin
form, it reads:

L(o+jme)gradoc,, -gradVdQ =

[oy-7,d0 Vi=l..n,

where 6 is the electric conductivity, o the angular fre-
quency and € the electric permittivity; the a;’s are the
weighting functions for n, nodes. The current im-
pressed through the electrodes (current density J,,) is
introduced by a Neumann boundary condition. Mate-
rial properties are obtained from [7], ranging between
0.025 S/m (fat) to 0.26 S/m (deflated lung) for the
conductivity and relative permittivities in the range
between 200 (fat) and more than 15,000 (heart).

Fig. 4 shows the real part of the potential distribution
and current density (J = ~(o + jowe)gradV ) when a
current flows inwards through one electrode, and out-
wards through the neighbouring one. Fig. 5 shows the
equivalent for the imaginary component. It can be
noted, that due to the large value of the relative per-
mittivity in the heart, the imaginary part of the current
flow is relatively large compared to the rest of the
model.

4 Conclusion

The thoracic EIT is a computationally challenging
subject, combining FEM techniques for the forward
solution of the problem and nonlinear inverse problem
solvers. A thorax phantom allows the comparison of
the simulations with measurements, and a parameter-
ised geometric 2D-model constitutes the basis for a
fully automatic simulation cycle. Further results will
be presented in the full paper.
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Figure 4. Potential and current density
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Figure 5. Potential‘ and current density (imaginary
component).
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