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Numerical Simulation of Endovenous Laser Ablation with
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Abstract Based on the histological characteristics, a three-dimensional model of the vein and its surrounding tissues
was constructed. The light distribution of the irradiated vein was simulated by diffusion approximation theory, the
biological thermal equation was solved by finite element method to obtain the temperature distribution throughout
the tissue, and the damage caused by laser irradiation was calculated according to the Arrhenius equation. The
photothermal response of a radial fiber and a radial 2ring fiber was compared. The effects of laser power, pull-back
speed, linear endovenous energy density and venous diameter on the therapeutic effect of the radial 2ring optical fiber
were discussed. The results show that the temperature of the tissue irradiated by the radial 2ring fiber is lower than
that by the radial fiber, and the adhesion between the fiber and vascular wall could be reduced. When the tissue is
irradiated by the same linear endovenous energy density, it is more secure in the lower laser power treatment. The
larger the vein diameter, the higher the linear endovenous energy density is required to achieve the therapeutic
effect. The proposed model is helpful to better understand the action mechanism of the endovenous laser ablation.
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Fig. 1 Diagram of the vein and its surrounding tissues,

including blood (zone [ ), venous wall (zone Il ), and

perivenous tissue (zone [I[)
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Table 1 Photothermal parameters used in numerical simulation (A =1470 nm) %
Parameter Blood Vein wall Perivenous tissue
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¢ /mm! 0.52 1.7 0. 84

E/(J * mol™") 4,48 X10° 4.30X10° 4.30X10°
A/s ! 7.6X10% 5.6X10% 5.6X10%
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Fig.3 Change of maximal temperature that is higher than initial temperature, A=1470 nm. (a) P=4.8 W; (b) P=12.8 W
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(a) Radial fiber; (b) radial 2ring fiber
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Fig. 5 The proportion of necrotic tissue in the vein and its
surrounding tissues, A=1470 m, P=5W, v=1m/s, E4=
50 J/cm. (a) Radial fiber, yz medium section, x = 0;
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surrounding tissues. The inner diameter of the vein is 5 mm,
A=1470 nm, P=10 W, v=1mm/s, E4=100]/cm. (a) yz

medium section, x=0; (b) xy medium section, =40 mm
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