Application of photothermal therapy with photoacoustic
temperature monitoring in the mouse’s head: a numerical study
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Abstract: We present here a numerical study of a photothermal therapy conducted on a digital
phantom of a mouse’s head bearing a tumor. The temperature evolution and thermal damages
caused to the phantom and the tumor were calculated using heat diffusion simulations.
Nanoparticles were simulated in the study as a local increase of the tumor’s absorption and
their effect on the therapy is studied. Finally, photoacoustic simulations were performed in
order to monitor the temperature evolution in the tumor during the therapy.

PhotoThermal Therapy (PTT) designates the use of optical radiation in order to induce rises
in temperature sufficient to induce the death of cells involved in a given pathology (cancer).
PTT has grown in popularity in recent years as a result of its targeted and non-invasive
therapeutic benefits. With its constant improvement, new effective numerical methods for the
modeling of this therapy are developed to confront numerical and experimental results.
Following these approaches and with the aim of clarifying experimental results, we
developed a numerical phantom of a mouse's head where PTT was performed. The phantom,
presented in Fig.1, was built using open-source atlases obtained with different imaging
methods [1-4] to mimic as realistically as possible the morphology of the mouse’s head.
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Fig. 1 : Phantom of a mouse's head: 2D sagittal and cortical view. Tumor's position is
indicated by the dashed purple line.
The effect of using nanoparticles, often used in PTT to improve the efficacy of the therapy,
has been studied. During the therapy, a temperature monitoring method is needed in order to
evaluate the progression of the therapy. The photoacoustic (PA) technique was chosen for
such purpose: PA signals were calculated and variations of these signals observed during the
therapy were linked to temperature evolution in the tumor.
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