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A Two-layer Biological Model for Laser-induced Interstitial Thermotherapy

MA Ning, LI He-jie, JIANG Shi-chen, ZHANG Xue-xue

(Institute of Engineering Thermophysics, Department of

Thermal Engineering » Tsinghua University, Beijing 100084, China)

Abstract Considering the different physical properties between the tumor and the surrounding normal tissue, a two-

layer model was developed to describe the energy transport and the temperature behavior in the tumor tissue during

the laser-induced interstitial thermotherapy (LITT). Photon transport was simulated with the Monte Carlo method

and then energy distribution was used to calculate the temperature distribution with Pennes bio-heat equation. Both

the time required to coagulate the tumor and the thermal damage depth are numerically predicted.
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Table 1 Optical parameters for Monte-Carlo simulation

Tissue types A /nm ta /em” s /em ! g n
Normal liver tissue 633 3.8 200 0.952 1.40
Liver tumor tissue 633 1.4 200 0. 946 1.33~1.40
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Fig. 1 Two-layer tissue configuration model for LITT
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Fig. 2 Spacial photon distribution derived from two-layer

configuration model (total photons are 10000)
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Fig. 3 Comparison of photon distribution on the

central section of heated region
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Fig.4 Temperature rising at the tumor boundary

(power density is 5 W/cm?)
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Fig.5 Temperature distribution on the central section

of heated region (power density is 5 W/cm?)
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Fig. 6 Comparison of thermotherapy time derived from

different models (power density is 5 W/cm?)

IR BE 43 A5 B 9 118, X T H1BOt A Sk Bt
P[] 0 0000 o ] X3/ A AR AR B9 18 5 T
TENREERN S W/em? BBOEIMAKERT
AR TS B A $or i N R, an B 6 Brs . R A
XU A6 B SR e 45 3 f9 $T B[R] 2 220 s, TR 8L 2
HE TR B B FATT B E] S 300 s, T 3 T B[R] 22 51 ik

#] 80 s,

B 7 RRINBREER 5 W/em® BEOEIMA L
BEE 220 s B, AN [R] AR 7Y iy 150000 A9 8 o X 3K /0N , B
o, BUZ BRI T A4 B 1 X AR RSP B2 &k B
JiddEg i AL, BRR 2 2. 5 mm, T BRL JE 455 28 T 0 Y g
BXEZERR ST RAE 2 mm, EIRKBITH,.HTF
i 968 R /N E , TR O SR P2 A B BT 4R B 0T
Ak T F5 BE AR E] S8R 9T S0 [ T W
R RERLAR B BVR T S 80 2 B R /NI BRI B T
E o

Radial distance/mm

42.5 47.5 52.5 57.5 62.5
Axis/mm

B 7 220 s B 9450 XSO /N 3T B (R 5 W/em?)

Fig.7 Comparison of injured region derived from

different models (power density is 5 W/cm?)
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