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Effect of Optical Clearing Agent on Laser Treatment

Ma Jun Chen Bin Li Dong Wu Wenjuan
State Key Laboratory of Multiphase Flow in Power Engineering, Xi'an Jiaotong University,
Xi'an, Shaanxi 710049, China

Abstract In order to study the optical clearing effect on reducing the skin scattering and increasing the laser energy
reaching the target vessel, a quantitative study on the optical clearing effect of glycerol on the skin tissue phantom
was conducted in the visible to infrared wavelength band. An in vitro experimental system for laser treatment of
port wine stain was set up to obtain quantitative relationship between optical clearing effect and the blood coagulation
properties under the irradiation of multi-pulse Nd: YAG laser. The results show that the diffuse reflectance of the
skin tissue phantom decreases by 36.69% and the transmittance increases by 38.73% at 1064 nm after 0.5 mL
anhydrous glycerol is applied on the skin phantom surface for 10 min. After 0.5 mL anhydrous glycerol is applied on
the skin tissue phantom surface for 4 min, the number of laser pulses required for blood coagulation decreases by
25% . After application for 10 min, the number of laser pulses required for blood coagulation does not decrease
further, but the blood coagulation area increases by 34.1% compared with that after 4 min. The results indicate
that glycerol is effective to improve the laser treatment of port wine stain by increasing the laser energy reaching the
target vessel.

Key words medical optics; port wine stain; Nd : YAG laser; skin tissue phantom; optical clearing; blood
coagulation
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Fig. 1 Schematic of measurement system with a single integrating sphere.

(a) Diffuse reflectance measurement; (b) transmittance measurement
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Fig. 2 Repeatability in measuring diffuse reflectance and transmittance of skin tissue phantoms
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Fig. 3 Variation in (a) transmittance and (b) reflectance of the skin phantoms with glycerol action time
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Fig. 4 Variation in (a) transmittance and (b) reflectance of the skin phantoms with glycerol concentration
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Fig. 5 Variation in (a) transmittance and (b) reflectance of the skin phantoms with applied glycerol volume
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F 1 b TR B RO A I 3 RO RO R (1064 nm)

Table 1  Optical clearing effect of skin tissue phantoms with different volumes of glycerol (1064 nm)

Volume of glycerol /mL Diffuse reflectance /% Transmittance /%
0 26.90 35.38
0.25 20.12 43.88
0.50 17.03 49.10
0.75 16.99 48.61
1.00 16.78 48.32

2 e BEXT B2 7 AR O B ROR Y 5

Table 2 Optical clearing effect of skin tissue phantoms with different glycerol concentrations

Volume of Glycerol Diffuse R,—R T—T,

glycerol /mL concentration /% reflectance /% R, /% Transmittance /%% T, /%
0.50 60 20.06 25.43 40.19 22.30
0.50 80 19.11 28.96 47.34 33.81
0.50 100 17.03 36.69 49.10 38.73

R, : reflectance before applying glycerol; R : reflectance after applying glycerol; T,: transmittance before applying glycerol;

T : transmittance after applying glycerol.
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Table 3 Laser parameters

Parameter Value
Wavelength /nm 1064
Pulse width /ms 0.3

Speckle /mm 2
Energy density /(J/cm?®) 53
Pulse number n, 1-8
Frequency /Hz 10

2

@
P&l 7 YA s T X X 9 6 235 T T O K i B S
O RIEFHH W (b HMAEH 2 min; (o) HAEH 4 min; (D HMA/EMH 10 min
Fig. 7 Effect of glycerol action time on the laser pulse number required for blood coagulation. (a) Without glycerol;

(b) with glycerol action for 2 min; (c) with glycerol action for 4 min; (d) with glycerol action for 10 min
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Fig. 8 Variation in the blood coagulation area with the number of laser pulses under different action time of glycerol
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