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Fig. 1. Sketch map of the comprehensive system of HIFU therapy and EIT measurement.
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Fig. 2. (color online) Pressure distributions of (a) axial profile and (b) focal plane for HIFU at a fixed

acoustic power of 15.68 W.
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Fig. 3. (color online) Focal distributions of (a) temperature and (b) conductivity for centric HIFU therapy,

as well as (c) the conductivity distributions for eccentric HIFU therapy at different treatment times.
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Fig. 4. (color online) Distributions of current density and electrical potential of the focal plane with (a)

centric and (b) eccentric focusing for the current injection from the electrodes 1/17.
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Fig. 7. (color online) (a) Grid distributions and (b) reconstructed distributions of conductivity in the focal

plane for eccentric focusing.
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Abstract

As a new treatment modality with little thermal damage and few cell metastases to surrounding normal tissues,
high intensity focused ultrasound (HIFU) therapy is considered to be one of the most promising technologies for tumor
therapy in the 21% century. However, noninvasive temperature monitoring for the focal region exhibits great significance
of precise thermal dosage control in HIFU treatment. By combining electrical impedance measurement and HIFU, an
electrical impedance tomography (EIT) based temperature monitoring method using surface voltages is proposed to
reconstruct the distribution of electrical conductivity inside the focal plane on the basis of the temperature dependent
electrical impedance of tissues. In theoretical study, a comprehensive system of EIT measurement during HIFU therapy
is established. With the consideration of acoustic absorption in viscous tissues, three-dimensional Helmholtz equation
for HIFU is simplified into two-dimensional axisymmetric cylindrical coordinates, and the characteristics of temperature
rising in the focal region are derived using Pennes bio-heat transfer equation. Then, by introducing the temperature-
conductivity relation into tissues, the processing methods for electrical field and surface voltage in the focal region are
constructed with constant current injection from two symmetrical electrodes. In simulation study, by applying the
experimental parameters of the focused transducer, the distributions of acoustic pressure and temperature are simulated
at a fixed acoustic power, and then the corresponding distributions of conductivity in the focal plane are achieved at
different treatment times for centric and eccentric focusing. Furthermore, with the simulations of current density and
electrical potential generated by the rotating current injection from 16 pairs of symmetrical electrodes, 32 x 32 voltages are
detected by the 32 surface electrodes placed around the focal plane of the model. In conductivity image reconstruction,
the modified Newton-Raphson (MNR) algorithm is employed to conduct iterative calculation. It shows that with the
increase of HIFU treatment time, the electrical conductivity in the focal region increases accordingly and reaches a
maximum value in the center due to the highest acoustic pressure and the most energy accumulation. It is proved that
not only the position of the focal center, but also the conductivity distribution inside the focal region can be restored
accurately by the proposed EIT based reconstruction algorithm. The favorable results demonstrate the feasibility of
temperature monitoring during HIFU therapy, and also provide a new method of evaluating the noninvasive efficacy and

controlling the dose based on electrical impedance measurements.

Keywords: high intensity focused ultrasound, electrical impedance tomography, temperature monitor-

ing, surface electrode voltage
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