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OBIJECTIVES

Clinical MR—guided HIFU is typically applied using strategies that rely on linear ultrasound
propagation and heat diffusion to create a uniform ablation zone. In this study, a model for HIFU
tissue heating and ablation was developed and validated by comparing the predictions to MR
thermometry images obtained during HIFU ablation and to photographs of ablated tissue volumes.
METHODS

The linearized 3D Westervelt equation with boundary conditions obtained from holography
measurements was used to simulate acoustic heat sources in tissue. These heat sources were
further used with the bioheat equation to simulate temperature fields and volumetric tissue
ablation based on a thermal dose of 1.76 seconds at 56°C. Simulations and experiments in ex vivo
bovine liver on the Sonalleve V2 clinical MR-HIFU system (Profound Medical Inc., Canada) were
performed for 1.2 MHz HIFU exposures at 200 W acoustic power, CW irradiation, and trajectories
of 24 discrete foci located on concentric rings with radii of 2 and 4 mm. MR temperature maps were
acquired during HIFU exposures using the proton resonance frequency shift thermometry method.
RESULTS

MR-based temperature maps and simulations were in good agreement for the dimensions and
values of the temperature distributions in tissue for both sagittal (Fig. a) and coronal (b) planes. In
addition, the numerically calculated lesion volume of 785 mm?3matched the ablated volume in gross
lesion photograph (c), resulting in ablation speed of 2.4 cm3/min.

CONCLUSIONS

A numerical model to predict linear HIFU tissue heating and ablation was developed and validated
for use. The model may further allow development and characterization of nonlinear pulsed shock
wave exposures with high peak power and low duty cycle to create more precise, predictable, and
heat diffusion-independent ablation volumes on clinical HIFU systems.
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FIGURE CAPTION: Temperature distribution in ex vivo bovine liver assessed by MR thermometry
and simulation in sagittal (a) and coronal (b) planes at 22.8 s and 28.8 s. (c) Thermal lesions in ex
vivo bovine liver with superimposed contour of numerically simulated ablated region.
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