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BE: R THERT & RPERTF R A (BPH) 44 %) 808 A1 980 nm ¥ RABOL K B dE i A 1k R H %
R ZERADSRNE RS X M FHERR R ERIRG A AR F e, SRE2W . MMEATHR
PR 5 B 3 AR 2 2R %F 808 nm 1 980 nm B IR IS R B 29 AL BRST 2R BURI L 2 25 47 TR B AT 2 B B i FAGR BE 9 R 4K T AR
L1 5 FE 20~80 °C 4 ¥ BE T 11 P9 » B Pk AT 3 R 3 Ak 41 4R %% 808 nim ¥ IR W 2R B A0 24 4k B 2R B0ER 4 B P B i
XF 980 nm H T Ui 28 500 249 4k BT R BB K, T XY 808 nm B 2% 2845 I 21 B B b A LX) 980 nm HILE 5B
WREEZE /N, W R B B RAEHERE 20 'C 433124 0.528 mm ™' 1 0. 448 mm ™" ; H/ME 4T HI7E 50 'CHI 70 C, 451K
0.436 mm ' 0.326 mm ', KUK BB R KEFIE 70 C,HE R 34. 1% ; AL BET BB B KEER7E 80 C, K
E43 81K 1. 45 mm ™ AL, 43 mm ™', B /ME S HIFE 20 ‘CHI 70 CL, 438K 1.15 mm ' F1 0. 973 mm ™', K E R
70 C,HAEN 24. A% % F B WRE N B KRME S HIFE 50 THI 70 'C,HAE 5514 0. 684 mm F1 0. 887 mm, B /MEHR
7E 80 'C, HAH 4 51°40. 608 mm#l 0. 696 mm,JKZEFLE 70 C,HEN 30.4% . £ 70CHHAEAT R IERIFI IR Y
A R B 58 2 AR, IR ECHU RECIOE ¥ FEREN E R XTI B KA.
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Thermal Changes on Optical Properties in Human Benign Prostatic
Hyperplasia Tissue
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Abstract: Thermal changes and their differences on the optical properties of human benign prostatic hyperplasia
(BPH) tissues at 808 nm- and 980 nm-diode laser were study in vitro. The measurements were performed using a
double-integrating-sphere setup, and the optical properties of BPH tissue were assessed from these measurements
using the inverse adding-doubling method. The results of measurement showed that the absorption coefficients,
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reduced scattering coefficients and optical penetration depths of BPH tissues at 808 nm and 980 nm varied with a
change of exposure temperature by thermal effect. In temperature range from 20 C to 80 ‘C, the absorption and
reduced scattering coefficients of BPH tissue at 808 nm were obviously bigger than that those of BPH tissue at 980
nm, respectively, and the optical penetration depths of BPH tissue at 808 nm were obviously smaller than those of
BPH tissue at 980 nm. Maximal absorption coefficients of BPH tissue at 808 nm and 980 nm were respectively
0.528 mm ' and 0. 448 mm ™' at exposure temperature of 20 ‘C, and minimal absorption coefficients were
respectively 0. 436 mm™ ' and 0. 326 mm™ ' at exposure temperature of 50 C and 70 ‘C, respectively, maximal
difference in the absorption coefficients between 808 nm and 980 nm was 34.1% at exposure temperature of 70 C .

! and

Maximal reduced scattering coefficients of BPH tissue at 808 nm and 980 nm were respectively 1.45 mm~
1.43 mm™! at exposure temperature of 80 ‘C, and minimal reduced scattering coefficients were respectively
1.15 mm™! and 0.973 mm ™! at exposure temperature of 20 C and 70 ‘C, respectively, maximal difference in the
reduced scattering coefficients between 808 nm and 980 nm was 24.4% at exposure temperature of 70 'C . Maximal
optical penetration depths of BPH tissue at 808 nm and 980 nm were respectively 0. 684 mm and 0. 887 mm at
exposure temperature of 50 C and 70 'C, and minimal optical penetration depths were respectively 0. 608 nm and
0.696 mm at 80 'C, respectively, maximal difference in the optical penetration depths between 808 nm and 980 nm
was 30.4% at exposure temperature of 70 C . BPH tissues arrived at complete coagulation by heat effect at exposure

temperature of 70 C , at this point, the differences in the absorption coefficients, reduced scattering coefficients and

27 %

optical penetration depths between 808 nm and 980 nm were maximal.

Key words:
prostatic hyperplasia tissues; diode laser
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&L ANOZRABEER MR, 5B ARE
Z B M Ry %) R ¥ 4 SE ( Benign prostatic
hyperplasia, BPH) J ¥ B9 A 3 b7, &% R 7]
ik 850 R FRIE MR IR AL U I B 2E B BT 51 iR
(Transurethral vaporization of the prostate, TUVP)ZH
H—EHRWBIRIMBHEST RERTFI BRI 4 B “ B &5
W7 (B, & PR IE SR H YR AL DT B BH ZE B /i 1
JRARNETT BRAFTEBIME A A . IE4ERBEE B
JEHARRY H SR N BRI T Z B, BAERT
G BRI RIS TR XE B R R, KRR et Rk ik
HHRRAETHRERE. BOLTFAREZ LK RENAA
B 2 BRIE SR E R AL U R BEZE 1Y i3 AR OR Y 579 A —
FpIGTT R ARG S BRE AE BJ7 I 1R T 45 R OB
KR MITAERK(EEEXSE R FERHK
P . H FRIBOLAS A RT3 6 SRR (K
K76 B & 800 ~ 1000 nm), ] 41, I K & 808 nm,
810 nm, 830 nm, 980 nm Z&2k B {REOGEENd: YAG
BOL A 1064 nm) , 3X 28K FYBOE R A A X B
AR R gt B R A SR FESE B9 T2 1, DL KRB B
Rt S e 452 S RO RRE. B AT, il R i H
RBOCSHIFI R AR EER EEZRGRIEM,
Wt R HOGCRE B 7E T 71 IR 41 oA RLTUAR, AT X
RIS BR AR BEAT R B0 IR AL DD B BB . JtREE it
BN MEHSRNY E. BT RO SR PUE S
TEFTF BRI 8, 7= A R AT W PSR R IR B L 40
ZURFE AL B3 R U SR A 44k, DL 4R /MR B AR

medical optics and biotechnology; tissue optics; integrating-sphere;optical properties; human benign

P, AT 9 B JFC %o/ PROE B 57 IR . AT I, P
NEYNRT SRR A H ROt R R AR B BT 5
b FHOE R T AR5 R B BE 232 W Fl PRIG T 2
FEREZERN., HAGEARAFEE S HRROEER
2 U AR SR, H X T 52 O 2k IOt
A G A B A B A S B R R R R T AR
PAE R B9 R PRS0 AR A2 4U6 2 et i 2R 1L K
HZR XA T LUB X B H AT R E S R
B9 IE 41 2URY 3 05 3k B e/ . AR SCE R AT
FEBPIIE T R AERTS) IR A 41 430 PO AT Hoxt
808 nm Fll 980 nm 4 F (KO By I 2 HF kA 22
A8, I HEAT T o3 AR E A A BOE B T RIS B o
HEAE W AT IR — R A s S R

2 OB
2.1 HAHHE

SIS AR ORE 26 4] B PR RS R 5 A A
BER R ERTE R AR R . BHFARYIBRA B
FilT 27 i 384 £ 20 R 7 Bk 7 BV R A 3L ER K A A7 B wh gk
PR T A LV > I R BOKE R & A2 B b K R 7 BUEB
R (=75 OB . THHT, 75 5K 55
L1 2R B A 4, S0 VR AR 18 1B A T B B R
RECHBEHAFR NIE. BEBRANEZERL,
2R SR S KA A0 I B TR 5 R RE W A AR S R
BN B BV R 2 8 AT B F DR AE 4k 520
ZH ZURE 5B AR /N AR AR R . R R Y VKR
PR T R = IR, ¥ UK VR BIF S 07 %) T A 4l 4L B 1E
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20 CHZER THALAFERBRI R EERME RN
YR b FFRMBENE SRS PERALR A . #
HARHRF PR ERBEE R R A
LR R E, AW E 0, A& B 26 A |
17. 4 mmX23. 2 mm, ¥ 3 & & 4 (0. 445 £0. 011)
mm {) BAERTFIRE A H AR A TIRNE. R
JE R R B TEIRE IR B AE 30 ChRYH UK RE (SJLI
CO. , LTD, China, model: DK-8D)fill# 10 min fE
PUBZERATIRNE. KRR E R HRKERNR
JETE 37 'C.43 'C.50 C.55 C.60 C.65 C,70 C,
75 'CHn 80 ‘C I F hm P4 LKL &, A B[R] 3 Ok
10 min, 7E &M E IR B T ERAL T 5 /A A+
PRSI I B . X SR Pl B A AR 38 A3 B U E
E— e B, e et 5 o oKUK IRA B
MR, TR S M3 EE DA
0. 16 mm#ll 0. 67 mm, BT & % 4 L & 5 33 2 5]
AN R R AR KN BrA B R A5 R
A SRR S ARTE 20 CRIZIRIFRE T #4702 551
AT & , E i HE A FI TN &2 23 PR 7E 24 h S8 AR .
2.2 AABHEEMERHEMNE

W 2RI A BB R RS B R T R
SrEREFEARNS BT N T B R A W A
A a2E R D, SRR R DU 4 BRI B %
BHFETWE, BEOLE S B — & AR
(nLIGHT, USA, model NL-FCA-20-808) #j
808 nm K 1 # LWL Ml — & 2 IR B S
(nLIGHT, USA, model NL-FCA-30-980) #
980 nm E KM FELHOL. WM AFEKWEOLS
B 220t 27 R S U (OGBS T AR SR R R R
Art 10 mW B8 B A #1750 5 F# i 2 mm
SR ARG 25 Y RS E MY R, B g
W2 Y 6 22 57 B 28 (SRS, USA, model; SR540),
Bk 2R R B TE 500 Hz, R Hi# i 6 mm
J6 5 56 A 1. 5° A ST 2R 43 3R AR o 5T B
AR ERD £, J615 5 @ i ot & (APP, Japan,
model: 560) LA K FF 48 M PAE I K48 (SRS, USA,
model: SR83D), B 1AM HAT A B . 4L 5 By
i F AR S Bk A B A B AR AR (50 mm) RL K& A5 3
REEREERY A 12 mm BF A BREM 2% (b ©#E
22 Bt RO F R BT R » BAR R SL 56 3% B R
BEIU R AEYAR G ERENNENITE T ES
WL3CEk(14,15,18,19], RAMLHFEENE AR
PERT S MR A SR B VE BB I 18 ST 18 i A

R ENCF R HEOCF RS 8 59 W € H X 2k
&, % B & M 5 3% 2% (Inverse adding-doubling
method, IAD)ZH 5 W™ . TR H HBH A AT
SFEBH 155, AL ITH Rk K 1. 45, AL
LB BAREEZ(XESDYRTER K ER, R
e # %, p<<0.05 HF BEMEES, FIHS &R
SPSS10 fE& i1 AL,

3 % R

TEAR R B S5 2644 5 23 391 A 808 nm Al 980 nm
F) 2 REOE A B R 20 CEIRT A B M1 5 IR
BEHBRES, BRI % 30 C.37 C.43 C.50
‘C.55 C.60 C.65 C.70 C.75 C#u 80 CH#H A3
HRENTHARR ., BTHARLX BN R
HHEENE 15 RERFNMMEE. FRUESE
BUEBOCE IRAE B OGRS BT T — k& .
2 R il RVRR B K B BOE RO I B 45 R B A TR 47 A9
HEM, B —dHHH W, 1 43 CRIEMT 89 B1%E
I F1 B 38 A= 41 8% 980 nm) i A N B 45 2 A9 41 2%
FRMEA XESDEARR, 1K 2.RK34F%K
APAE T RY R A5 IR AR H X 808 nm AN
980 nm Ay FIRBOL B BCR L o - AT R EK
ws TGP F B E 6 BEE IR A9 28 4L T 22 1k 1Y 1%
WA
£ 1 7 20~80 CHIFE FIIR B I Bl 9 A R AR50 21 AR 38 4

HAXF 808 nm A 980 nm AY IR UL R F (XL SD)
Table 1 Absorption coefficients of BPH tissue at 808 nm and

980 nm in exposure temperature range from 20 ‘C to 80 C

BPH tissue BPH tissue

Absorption coefficient Absorption coefficient

Exposure

temperature / C B
at 808 nm /mm

at 980 nm /mm~

20 0.528+0.013 0.448+0.011
30 0.517+£0.013 0.439+0.011
37 0.50210.013 0.425%0.011
43 0.455+0.011 0.37840.010
50 0.436+0.011 0.3594-0. 009
55 0.447+0.011 0.3760.009
60 0.45610.011 0.39240.010
65 0.44940. 011 0.358£0. 009
70 0.437£0.011 0.326£0.008
75 0.453£0.011 0.3542£0.009
80 0.464+0.012 0.381£0.010
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# 2 7 20~80 CHYFAE IR BE VI B A A9 R PR R 2 AR A
4% 808 nm A 980 nm # £ L BT R K (XL SD)
Table 2 Reduced scattering coefficients of BPH tissue at

808 nm and 980 nm in exposure temperature range

from 20~80 C

BPH tissue BPH tissue

Reduced scattering Reduced scattering

Exposure

temperature / C coefficient at coefficient at

1 1

808 nm /mm~ 980 nm /mm™

20 1.1540.03 1.0540.03
30 1.15%0.03 1.05240. 03
37 1.194£0.03 1.08=40. 03
43 1.21+£0.03 1.1640. 03
50 1.20%0. 03 1.1040.03
55 1.2540. 03 1.1640.03
60 1.30x0. 03 1.2240.03
65 1.26+0.03 1.0940. 03
70 1.214£0.03 0.973%0.024
75 1.35+0.03 1.2140.03
80 1.48x0.04 1.43%0.04

£ 3 1E 20~80 CHyERNREVEE M B R HERTS BRI £
HLRT 808 nm Al 980 nm K2 5 3% IR BE (X£SD)
Table 3 Optical penetration depths of BPH tissue at 808 nm

and 980 nm in exposure temperature range of 20~80 C

BPH tissue BPH tissue
Optical penetration Optical penetration

Exposure

temperature / C depth at depth at

1 1

808 nm /mm~ 980 nm /mm™

20 0.614£0.015 0.7061£0.018
30 0.621£0.016 0.71440.018
37 0.62720.016 0.72240.018
43 0.66310.017 0.758%£0.019
50 0.684£0.017 0.79610.020
99 0.66310.017 0.75940.019
60 0.64610.016 0.727£0.018
65 0.66010.017 0.8021£0.020
70 0.68010.017 0.887x£0. 022
75 0.63910.016 0.777£0.019
80 0.608+0.015 0.69610.017
4’

PHERTEYALTHEARSRERKE
P AR T SR A A U 2 R R A B AR
HTFARRARAS EWES, XS T ARBEY
HATERMEATHHAREFEREERNR KK
ARis=20] g5 R AR T KR AT B AR G A A %
808 nm Fl 980 nm FJ¥ TR LM R na &

LB RN pe FOLFFBEHE 6 BN #IR F 5 28
AT ZE AL B 5 0L

M5 3R 1 AT WL, 78 30 C YR B F A4
10 minJ5, B 4 55 5] BR 38 4 44 4% 808 nm Fl
980 nm AR BB AL 20 C 5 RS T X AHBL
T B4 S Y R i AR R 4 L /N 2. 08060 2. 0104,
£ 37 CHRE T M 10 min J5, 8 HTE 30 T4
BB /N 2. 90% F3.19%, # 43 C IR E T I #4
10 min J5, 3 H #E 37 CBF 2 BB /N 9. 36% H0
11.1%, 76 50 CHIRE T M # 10 minj5, B H 7E
43°CHT4r B Z /N 4. 18% M1 1. 90% 5 7E 55°C Y iR B
Th# 10 min J5, BHE 50 CHE# 4 HE X
2.52%F 4. 74 % ,7E 60 CHYIRE T I 10 min 5,
BHLE S5 CoARZE R 2.01% M 4.26%,7E 65 C
AR BE T N #4 10 min J5, 3 HTE 60 CH &) 45 5 2
/INT.54% N 8.67% ,4E 70 CHYIEEE F ik 10 min
&R AE 65 CHREAF B E /N 2. 67% F1 8. 94% , 7E
75 CHRIBE T 10 min J5, 8 H7E 70 ChFH14
BB K 3.66% M 8.59% , 78 80 C Ay IR FE T i #4
10 min 5, 8 HAE 75 CHR 4 JIE K 2. 43% M
7.63% 7] W, 7E 20~80 C IR EEYEE Y, R HERTSY
R A 1 AU 808 nm Y IR UK R £ BA B b A %
980 nm I W 2 B E K, H 808 nm Al 980 nm )
W e AR B R 2 IR B A AR b T TS Y, B KA ER 7R
20 ‘C, 4y B # (0. 528 & 0.013) mm™" F1 (0. 448 +
0.011) mm ', & /IMESHITE 50 CTHI 70 C, 45K
(0.436+0. 011) mm ' # (0. 326 0. 008) mm™ ',
H X} 808 nm 1 980 nm BRI RE A | KERTE
70 'C,N 34. 1%, AL, K K2 B HIGF 78 B R
H1] B 3G AR A A0 58 4 FABE I 1) IR (70 C).

M 45 R R 2 7 L, 76 30 C By BT hn#4
10 minfF , B AT 5 iR 38 4= 24 20 %) 808 nm F11 980 nm
F 2L BT R30S HTE 20 C B SRR T X AH B 3
K BEOE R L4 B ST R EOM LB T B A B
TE37 CHYIEBE T #4410 min/5 , HHTE 30 Cof 43
BIK 3. 48% F0 2. 86% , 7 43 'C W IR FE T fim #4
10 min/g , B HTE 37 CH4rBlk 1. 68% M 7. 41%,
TE50 CHYMREE T I 10 min J5 , 8 HFE 43 CH 3
Ay BIE /N 0. 827 %61 5. 17 % .78 55 C HIIRBE T i
10 min J5 , H7E 50 CHF 3 FIE K 4. 17% M1 5. 46 %,
7E 60 CHYMREE T I# 10 min J5 , 8 HFE 55 CH 43
BIEKR 4. 0% 1 5. 17%, 7E 65 C By 36 B F i #4
10 minf5F, B HTE 60 C B 2043 S Z /N 3. 08% F
10.7%,78 70 CHIRE T M4 10 min 5, K H 7
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65 CHF4rA/N 3. 97 %1 10. 7%, 7 75 CHEE T
# 10 min J5, 8 HTE 70 CH 4 HIZE K 11. 6%
24.4% 4 80 CHIRE T N #4 10 min J5, B H A
75 CEH43R1K 9. 63% F1 18. 2% . AT I, %16 B it
N, R PERT SR A H A Xt 808 nm 1Y) Y4k BT R %K
HH ik b 35 EC X 980 nm A AL LT R BB K, R 2B
IR RSk T R Y, Hos RIEERTE 80 CL a0 AR
(1.48+0.04) mm ' A1 (1. 43+0.04) mm ', HF/ME
43 HITE 20 CTHI 70 C, 435024 (1. 1540, 03) mm ™' Fl
(0.97340.024) mm™ ', EX} 808 nm F1 980 nm 2y
BFH R BERZERMBE 70 C,HEN 24. 4%,
A UL, He K22 S I 4 B R 5 Bt 3 A= 4H 1 58
2 RBE B IR B (70 T,

NI 45 R 3R 3 "/ 0L, 78 30 C Ry E T
10 min J5, B AT 5 BR 38 A 4 2L H X 808 nm Fl
980 nmi L FEREHILLE 20 CHEARARET X
N BER AR FBRE BB R L 14%
1. 13% .78 37 CHIEE T N# 10 min J57 , BWHFE
30 CHF4r5IK 0.966% F1 1. 12% , 7E 43 C IR &
TIn#A 10 min J5, 3 HAE 37 CHIX 451K 5. 74 %
M 4.99% , 76 50 CHEE T N#L 10 min J5 , WHFE
43 CHRAralk 3. 17% 1 5. 01%, 7555 CHIIRE T
I 10 min J5, % IHAE 50 CHFE143 81/ 3. 07 % 0
4.65%,7F 60 CHIRE T M# 10 min 5, 8 HE
55 CHI4yBI/N 2. 56 % F1 4. 22% , 7665 CHERET
PN#A& 10 min J5, B HAE 60 CHE 43K 2. 17% Fn
10.3%,#£70 C IR B T # 10 min J5, RH A
65 CH4rHIZ K 3.03% 1 10. 6%, 76 75 CHIEE
T P10 min)5 , BWIHAE 70 CTE 4B/ 6. 03%
M12. 4% , 48 80 CHYIEEE T IN#4 10 min J5 , 8 HAE
75 CiF 4> B E /N 4. 85% M1 10. 4%, A W, FE
20~80 CHYEETLE N, R 1515 IR 1 A4 4 L%
808 nm {1t 5% 5 i U B B B ML B X 980 nm By OB
PRI SN, X 808 nm I 980 nm B 6 B
R BEER SR M & 1R B A 2R AL T ok 2R Y S KRB 43 N 7R
50 CHI70 ‘C, K (0. 684 0. 017) mm Fi (0. 887 &=
0.022) mm, & /MEEBFE 80 C, 4 B H (0. 608 &
0.015) mm # (0.696+0.017) mm, & KR Z R &
70 ‘C,HAEH N 30. 4%, Wl 78 B M A 5 AR 3% A A 41
i) 52 4 PR B B IR BE (70 T,
5 4 e

PAER T 1 R PRI 5 3 A= 4 1% 808 nm Fl
980 nm 24T A O HY IR TR B 2040 B AR B0

62 F i TR FE AR IR R AR B Y 2R AT AR A Y, 7
20~80 ‘C Ry B Bl N, B VAT 5 IR 5 A2 H R
808 nm FY W W FR BOFR 20 4k B 5 2R B0 0 0 B B
BH X 980 nm F IR WL R LM 49 4L BUST R BE K5
Xf 808 nm {4 B FE IR B AN B B i 4 LX) 980 nm
RO FFEBEREE /N RYEATF IR A AR T2
P E B, H X 808 nm Al 980 nm HNEF S B
2R B R KM (70 T, X—5 Mot H
TR B BRI AR B i PR 2 W AR YT R AR R AL
BT, [F] B s 2 LA g iR A R R A IR e 4 i S B
¥ & 4k JF % (Microwave coagulation therapy,
MCT) FEOE R 66 77 g DL KOG 3h 116 97 i g
REETHRENSE,
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