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Abstract The scattering intensity at 720 nm (I ) is chosen as the optical parameter of evaluation, and we use the
dual point optical parameters far from the center to evaluate the thermal damage near the center during the process
of laser thermal damage. Firstly, we test on the laser thermal damage of in vitro porcine livers to collect I, in real
time at points which are 4, 8, 12 mm far from the heating center, and laser heating is stopped when I, at 8§ mm
rises to 6 times compared with its initial value (group A). We conduct twenty experiments to calculate rising
multiple of I;5 at 4 mm far from the center with the mathematical model using the parameters of heating time,
rising multiples of ;5 at 8 mm and 12 mm. Secondly, we repeat the above thermal damage experiments and real-
time data acquisition when the condition of stopping heating is I3 at 4 mm rising to 3, 4, 5, 6 times (group B).
Ten experiments are done for each condition, and forty experiments are established. Finally, the slice analysis on
samples of group B are taken to establish the relationship between the rising multiples of I and the damage effect.
The results show that the accuracy is above 90% when heating time and rising multiples of I, at 8 mm and 12 mm
are used to estimate rising multiple of I at 4 mm. It is feasible to evaluate the effect of laser thermal damage in
real time at a point near the damage center by dual-point optical parameters far from the center.

Key words medical optics; spectral analysis; laser biology; thermal damage; real-time evaluation

OCIS codes 170.6510; 170.4580; 300.6430; 300.6340

WK BHEE: 2017-08-15; WEIMEMFRBEHE . 2017-09-25

BEeWHE: HFE AR EHFHESL(61405098)

EE B SR (1991—) , 53 L AR gE A, E N FE A YA LU I H M AFSY . E-mail: 277042606 @qg.com
SImE . BEiE (1980—) &, Wit @R, FENFAEYALULF s,

E-mail: dai.]j@ntu.edu.enGEIFEER )

0207027-1



i ot

1 51 7

PO A BB AR R — b ]l Je A A A 4 52 B R A
BE[E AL R PO AR . S GEANRETR AL
PO B AR T 7 % AR A e A R H iy BE
G 7R 5HUT AT OB A 2 0
AR RIE Y EHT X OL PR Y BT 5T
C&IE N T A 5E 3 19 B IR & L O R FI T il X
SR P A T 1 BOE PR B AR AT T S IR
0 (5L S I A3 B8 1 4% O S RE RS W 3t 1 A e 2 10 B
PROR AL T ARAFAEB R I BOR BA A
fff 5 P DT 8 A ) 249 92 B i R K R i 8T

UTAF R 5L T AR W AL U 2 2 80 S i I vk
TIE S5 2 — il 8 T A B8 4 SR 0 A S I Al 84 T
TENE L R U O B e el TR A X R 2 A
L ZUIEAT e 2 B B0 R S0 T 5 A I 5 T 3 e
IR K Al A 121 R AR BOG 22 Z 40 LIRS LB
BRI 452 . ER R T i 3 iR 2 2 1Y
IS ROR HEAT VAL I L 48 3k 594 AT BE 23 3 A
IR AN M AR S R A e A% L 5 R TR A A

TE A= W) 241 BUR O BRI 7 v, 41 SURIU 4
(ERIbEAEI = AR TE A Ry S R Dt
DA R 32 5 21 2052 AR A 165 20 22 R HICH R PR Y
AR AT LA e 20 21 rh O A% 6 A A ) 2 I S B
PE. TR R SR B9 BERE b R A AR L L, AT LS
TAE Jie 9 28 2 40 W b 87 2H 200 SR O o S e X
FEA [a] 00 R 4R 1) B, T L S 3 g 21 2 2
Ak CUn i Je 320 54k ) B e 1 7 A Y % A SR 1
I B AR BB R R Y S K L T LS B % Ak 4
UBAAROR B9 AR

Zia LA B B0 AR SO R S i Sl B L 4R
T FH I AR b BB 2 S R A B v Ak
(10624 250, I8 6 2 2 50 BB A BB R AT G Bk 1

2 ME5INE

2.1 SEI{LEFNATAY

T RFEMBOCRGE OB (N E 1R E
R 0.4 mm BOGE) B E XMW EIF (CERE R
300 pm, WSY-4T #1) .3 E 0] WL-IT 2L /L% R 5 &7
GM—BI AN R 1 ). Kb B R
iU dE P P K 808 nm Y 2K TR BT £ | B
FEAIOE IR ) %% (LDD50, LIMO 2 #)) 5 7 W3t 2T
SMEIERER G Y BIXOEL Ak (W E 2

REREH 0.1 mm BIGEF, 5 5 T 77 Wi 2150 8
B R0 A tE D AT LS 20 AR O 1S A (USB2000 #,
Ocean Optics A H)) K Z 6T (HL-2000 £, Ocean
Optics 227 . PR UE A #R O R BE B3 SR 4R 1
B S WO BB B 5 IR R AT i 3 5T B AR AE
WAAN T, HEHRE KM LabWindows % %
SE RN 8] () B8 (1) [R) I SR 86 B A G5 i B 2 20
L2 b L R 2 B W46 U R I IR AR

TM: temperature monitor
TP: temperature probe

TS: section of optical probe
L: light source

S: spectrometer

C: computer
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Fig. 1 System configuration
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Fig. 2 R; versus time at different distances
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Tablel R; at 4 mm, 8 mm, and 12 mm far

0 100 200

from the damage center

Heating time/s R;(xn) R, (x) R;(xy)
210 1.70 1.50 1.10
282 3.63 2.00 1.15
300 4.87 2.50 1.20
345 5.65 3.00 1.25
377 6.40 3.50 1.33
408 7.10 4.00 1.50
423 7.25 4.50 1.62
447 7.58 5.00 1.90
472 7.73 5.50 2.10
495 7.82 6.00 2.35
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data of R, at distance of 4 mm
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Fig. 4 Three typical pathological sections. (a) Blood coagulation; (b) extensive bleeding; (c) slight bleeding
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