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Abstract. Medical therapies with high-intensity focused ultrasound (HIFU) have promising
applications in the non-invasive treatment of a wide range of cancers. Yet, their clinical use
for diseased tissue in the transcostal region is limited due to the challenges in focussing the
ultrasound arrays behind the ribs. Sufficient energy has to be transmitted inside the ribcage to
achieve ablation of the diseased tissue while preventing the occurrence of side lobes at the focal
region and skin burns at the ribs. The patient-specific planning for transcostal HIFU treatment
is likely to rely on numerical modelling to optimise the multi-element array of ultrasound
transducers. This necessitates the computation of acoustic scattering at MHz frequencies.

Modern boundary element methods (BEM) provide fast and accurate computation of large-
scale scattering characteristics. However, the applicability of BEM to the simulation of high-
frequency scattering is limited by the large demand for computational resources, the weak
convergence, and the presence of spurious resonance modes. We will present the use of a
Burton-Miller formulation in combination with H-matrix compression and high-frequency pre-
conditioning based on on-surface radiation conditions. When heterogeneous regions are present
in the model, this fast BEM technique can be coupled with a finite element method (FEM).
The open-source library BEM++ has been used as implementation platform, with FEM-BEM
coupled simulations achieved by a combination with the FEniCS package. The feasibility of
BEM simulations for medical applications is demonstrated with scattering analysis of a hu-
man ribcage by focused ultrasound of 1 MHz.
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