Modeling microwave ablation for tumor treatment using open-source software components
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Microwave ablation (MWA) is a minimally invasive medical procedure with a short recovery time for treating various types of cancers. During MWA, a small needle-like probe is inserted inside the tumor. Inside the probe there is a microwave radiator (antenna) that delivers microwave energy, causing tissue heating, and effectively produces necrosis of the tumor tissue. The primary goal of modeling and studying of MWA is to determine ablation zone caused by the particular combination of radiator, input power, time and position of the probe. MWA should cause total necrosis of tumor tissue and minimal damage to surrounding healthy tissue. Simulation of MWA requires calculation of electromagnetic wave propagation, heat transfer, and tissue damage. Physical processes can be described using partial differential equations (PDEs). Multiple effects such as blood flow and change of water content inside the tissue with temperature have a major influence on the MWA.

[bookmark: _GoBack]In our study we have created the complete geometry of MWA including a multi-slot coaxial antenna [1], a real liver tumor taken from the database [2], and the surrounding liver tissue using Gmsh [3]. Geometry is meshed and PDEs are solved using Finite Elements Method (FEM) via GetDP package [4]. The MWA occurs at 2.45 GHz, with an input power of 13 W, during 600 s. The electric field is calculated in frequency domain, while temperature distribution and necrosis are calculated in the time domain using the custom fast fully explicit stable Euler scheme. We have calculated all quantities required in the MWA, including temperature and distribution of tissue necrosis over time, Fig. 1, with results comparable to Comsol [5].


Figure 1. Fraction of necrotic tissue at different cross-sections at 600 s. The shape of the tumor is marked in white and is located in the zone of total tissue damage.
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