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Abstract - Electromagnetic waves in the microwave regime have been proposed for a variety of medical applications in
the past several decades. Microwave imaging was perhaps the first such application, motivated by the goal of enhancing
imaging depth as compared to, for example, ultrasound, and enhancing imaging specificity and safety as compared to,
for example, X-ray modalities. Relatively low resolution and high computational complexity even for idealized renditions
of microwave imagers have been some of the impediments in their widespread adoption. More recently, non-contact
hyperthermia (microwave) and invasive probe-based ablation (radio frequency (RF) and microwave) methods have seen
clinical use for thermal therapeutic purposes. The attraction of such methods is the highly efficient and deep heat
deposition property of microwaves in biological tissue, especially those with high water content. A main challenge with
such systems, however, is monitoring the temporal and spatial progress of heat deposition for proper treatment: realtime thermal monitoring is necessary to guide the location, intensity and time of heat delivery such that the desired
elevated temperature is reached for sufficient time to achieve cell death throughout the target region, as well as to
monitor and prevent inadvertent heating up of surrounding tissue. This talk gives an overview of our recent work on the
development of microwave imaging, thermal therapy, and thermal monitoring systems, with emphasis on the latter. We
will present a realistic novel computational method that allows us to fully represent the therapy and monitoring system,
including antennas and other elements of the hardware setup. The results show successful retrieval of temperature
fields with a precision of better than 1o C and spatial resolution of about 2-3 cm. New approaches for cost function
definition and minimization, along with GPU-acceleration, allow an accurate temperature map refresh rate of about 1
frame per second, which makes this method realistically useful in a clinical setting. Furthermore, the temperature
mapping method is independent of the method of heat delivery, and therefore useful in conjunction with most any
thermal therapy modality.
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