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Development of computational laser treatment based on multiscale analysis of picosecond laser-skin interactions

(Ca b —Y—REREEH O~ VT Ay — M EHTICE S 2 Ea T —va A b—F—gED

4N
WICEA |
WCAHO B R

Laser technology has been increasingly used to achieve minimally invasive treatment. The use of picosecond lasers for the treat-
ment of pigmented lesions has been clinically investigated to improve the safety of the conventional nanosecond laser treatments.
Despite its promising clinical results, rapid and effective clinical applications have been limited due to the difficulties in quantita-
tive evaluation of the treatment effect. To tackle these problems, this study proposes “a computational laser treatment,” a laser
treatment platform for rapid and effective clinical applications of novel laser devices with reproducible and precise laser treatment
in the physical world by quantitatively evaluating the treatment effect and designing a treatment protocol that maximizes the
treatment outcome in a virtual world. As a specific example, a computational laser treatment using picosecond laser is developed
to demonstrate the feasibility of computational clinical trials and the design of numerical indices for setting the irradiation param-
eters.

Chapter 1 provides the background on the utilization of lasers for minimally invasive treatments, summarizes the issues in the
clinical application of picosecond lasers, and describes the concept of computational laser treatment. The significance of the pro-
posed platform in preclinical and clinical trials and laser treatments is also presented.

Chapter 2 shows the optical properties of Asian epidermis, dermis, and subcutaneous fat measured with a double integrating
sphere spectrophotometer and inverse Monte Carlo technique. A light transport model with the measured optical properties pro-
vided a quantitative evaluation of optical penetration depth and energy deposition in Asian skin for various combinations of irra-
diation parameters, which is difficult to measure in clinical studies.

Chapter 3 investigates the morphologies of melanosomes irradiated with picosecond laser analyzed by dynamic light scatter-
ing and scanning electron microscopy. The results confirmed that the threshold fluences for melanosome disruption were 2.19 and
2.49 J/cm? for 550- and 750-ps laser pulses, respectively. The thresholds obtained allow for the construction of a mathematical
model to provide numerical indices for setting the irradiation parameters in computational laser treatment.

In Chapter 4, a nonlinear absorption-based analysis of melanin was performed to quantitatively evaluate energy deposition in
melanosomes. Nonlinear absorption by melanin was found to have a significant influence on the treatment mechanism. The com-
putational analysis demonstrates that the difference in treatment effect between picosecond and nanosecond lasers can be evalu-
ated, augmenting preclinical and clinical evaluations.

Chapter 5 highlights the evaluation of photothermal skin damage caused by a novel picosecond laser device with a computa-
tional simulation of light propagation and thermal diffusion in skin. The photothermal damage caused by the novel device was
shown to be less than that caused by the approved laser devices. The result of the comparison demonstrates that computational
laser treatment can be applied to computational clinical trials for the partial replacement of preclinical and clinical trials.

In Chapter 6, incident fluences of picosecond laser were calculated with a mathematical model based on the optical properties
of the skin and the disruption threshold fluence. The validity of the calculated fluences was confirmed by comparison with the
reported clinical study results. The simulation results demonstrate that computational laser treatment can provide numerical indi-
ces for setting distinct irradiation endpoints.

Chapter 7 discusses the prospects of the impacts of computational laser treatment on the processes of device development
through regulatory evaluation to clinical use in the field of laser medicine.

Chapter 8 provides the overall conclusion. The proposed computational laser treatment offers a quantitative and reproducible
evaluation method for picosecond laser treatment for the augmentation and partial replacement of preclinical and clinical trials

and robust setting of irradiation parameters.
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