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Abstract To acquire the exact expression of the modified Beer-L.ambert law for the transmission of Nd: YAG laser
in blood, the relationship between a geometry-dependent factor and blood depth must be clarified. In this study, we
built a laser energy detecting system that can measure the transmitted Nd: YAG laser energy using in vitro blood
samples. Laser decay was measured in cylinder-shaped blood layer with a thickness of 1.0-2.5 mm, which is the
typical blood layer thickness in clinical vascular diseases. Statistical methods and the R language were used to build
linear, log, index, and power regression models of the geometry-dependent factor with blood thickness as an
independent variable. The highest R* value among these four models is 0.9219, corresponding to the linear
regression model. Based on the abovementioned results, the exact expression of the specially modified Beer-
Lambert law has been built for Nd: YAG laser transmission in blood.
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0.3 ms pulse, 2.2 mm beam diameter, power density 1096 J /(cm®-s)

laser rangefinder
accuracy 0.001 mm

transparent

24 well plates blood depth
bottom area 0.952-2.501 mm
1.9 ecm®

energy detector, detecting region 25 mm X 25 mm
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Fig. 1 Transmitted laser energy detecting system of Nd: YAG. (a) Schematic diagram of system; (b) principle of detection
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Table 1 Optical properties of blood
Blood sort Proportion in venous blood /%" w, /em” pl /em

Oxygenated blood 58.78 3.02 3.41
Deoxygenated blood 41.22 0.28 6.61
Venous blood - 1.89 4.73
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Fig. 2 Comparison between theoretical value and real detected value. (a) Relationship between detected depth and target depth;

(b) relationship between geometry-dependent factor and detected depth
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Table 2 Selected scales of transferpettor, theoretical thickness and transmitted laser intensity

Target thickness / Scale of Theoretical Detected thickness /  Transmitted laser R /%

mm transferpettor /pL thickness /mm mm intensity /V )
0 0 0 0 1.4040.02 —

1.00 195 0.99 0.9540.02 0.9740.09 30. 86
1.25 245 1.24 1.15%+0.02 0.8740.04 38.35
1.50 295 1.49 1.3740.03 0.58=£0.03 58.73
1.75 345 1.75 1.6540.05 0.43£0.02 69.21
2.00 395 2.00 1.8740.08 0.32£0.06 77.41
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Table 3 Parameters and regression decision coefficient for

the fitting of geometry-dependent factor

Name Formula a b R’
Linear fitting G(d) =ad+b 1.0699 —0.7651 0.9295
Log fitting G(d)=alnd+ b 1.6200 0.2534 0.9139
Index fitting G(d)=a exp(bd) 0.1902 —0.1024 0.8873
G(d)=ad"  0.3808 1.8219 0.6289

Power fitting
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Fig. 3 Residual analysis of geometry-dependent factor and detected depth by four fitting methods. (a) Linear regression residual;

(b) log regression residual; (¢) index regression residual; (d) power regression residual
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