NonInvasive Temperature monitoring in breast-mimicking PhantomS using acoustic tomography
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INTRODUCTION: Acoustic tomography is an attractive modality for temperature monitoring because it is non-invasive, non-ionizing, convenient and inexpensive. The ability to estimate the temperature in biological tissue is of a great importance since a major limitation of thermal therapies is the lack of detailed thermal information needed to monitor the therapy. Temperatures are routinely measured invasively with thermocouples, but only sparse measurements can be made.  
The acoustic tomographic approach for temperature estimation uses the fact that the speed of sound propagation in tissues is mainly influenced by the temperature, density and stiffness. It is also known that the effect of density and stiffness variation can be ignored for small temperature changes, e.g. 0-15ºC above the body temperature. In this work we study the change of sound speed in breast-mimicking phantoms in a large temperature interval from 37ºC to below zero. The research group in the Karmanos Cancer Institute had already conducted the preliminary experiments. In order to increase the estimation accuracy, in this work, we propose different inverse methods. The applicability and the efficiency of these methods are already shown in our previous work [1, 2].
METHODS:  The acquisition system has been developed at the Karmanos Cancer Institute. It is a clinical breast imaging system, named the Computed Ultrasound Risk Evaluation (CURE) system [3], which aims at whole breast, operator-independent imaging, and differentiation of breast masses. Although the system can combine the reflection and transmission tomography imaging, currently, we use only the transmission part. 

We freeze locally the breast-mimicking phantom and monitor the temperature changes over time with thermocouples. Simultaneously, we monitor the change of the sound speed using the acoustic tomography method. Due to a strong temperature gradient the sound rays are bent. Therefore, in our reconstruction algorithm we use the bent ray model which, in this case, largely outperforms the commonly used straight ray model. 

RESULTS: In our first experiment we measured the variation of the sound speed for the temperature changes in the interval of 30-0ºC. The acoustic tomographic system consists of 256 emitters and 256 receivers placed on a 10cm radius ring. The sound speed is reconstructed with spatial resolution of 4mm. The temperature is measured using the thermocouples at four check points, as shown on Fig. 1. We observe a linear relationship between the sound speed variation and the temperature variation for the whole 30-0ºC interval. Fig. 1 shows the experimental setup and the sound speed reconstruction for one time shot. In our future experiments, we intend to increase the temperature variation up to -40ºC.
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Fig. 1: CURE system (left) with 256 emitters and 256 receivers. Sound speed reconstruction and the temperature measurements at 4 check points (right).  
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