H40 B 11 B RUIR R 2E R (B AR RR) Vol. 40 No. 1
2017 4E 3 A JOURNAL OF NANJING NORMAL UNIVERSITY ( Natural Science Edition) Mar,2017

doi:10.3969/j.issn.1001-4616.2017.01.021

HIFU FEI0) il B2 53 A B 40, B FE9 7 3805y B
BEA R, H A, D HE

(LRI R Bl 2 S AR &R 7195 BA 210023)
(2. BB R 2= b B SR 24 B, VL I8 BE&t 210023)

[(FEE] o RERN (HIFU) 2—FEER AN XTI A Teii0 B S 5w 40 i L 5 i b iayr B,
XA 5 AR A R TR LA B g S L L i 2 IR L W S B HIRU YR Y7 ) E0RG vE  ) 1 OC . A SO
SEM HIFU gl gumt & , #8377 HIFU 897 R GERL, A A BRCEUER L T HIFU 2300 75 5 DL IR B
YA IS T B Re#e S8 GBS T AT IR R AR R BE A AR s . 25 SRR, B VAT IS R RS AR
SURE T F, B B B AR I8 7ER B A Y7 9T 0], B AR AR 161 £0.4 mm M ERIE I A SURE X R T
343 K(70 °C ) I, Bl 5 B BERR 45 F 2R B0 (A2 /4510 ) S, T T S AG IR IR B8 K | IR A 0 A Sl S b oG, L
il ) 9 B S5 A I B B EL AR K, SR IRAR A AN | £ Ak A TR BE SR T AR AR o X L 45 4 R B TR AR I RE AR I
IR 05 5, TTRCk HIFU 3897 P 038 A TR 4 S 8 vk o nl Sy 7 S0 A Al e 4 s R B H R
[ ]  HIFU JRYT, 450 SR80 IR 10, ST 8074k

[RESHES]0426.2 [ THFRERL]A [ XEHE]1001-4616(2017)01-0144-07

Numerical Studies on Temperature Distribution Analysis and Treatment
Efficacy Evaluation for High Intensity Focused Ultrasound Therapy
Su Huidan', Dai Sijie’,Guo Gepu',Ma Qingyu'

(1.School of Physics and Technology ,Nanjing Normal University , Nanjing 210023, China)
(2.Honors College , Nanjing Normal University , Nanjing 210023, China)

Abstract: High intensity focused ultrasound( HIFU ) is a non-invasive therapeutic medical treatment modality, which can
destroy tumor tissues without damaging to the surrounding normal tissues and has less possibility of cancer metastasis.
The key issue of accurate HIFU therapeutic dosage control is how to monitor the efficacy in the process of HIFU treat-
ment. Based on HIFU localized tissue heating, the model of HIFU treatment is established using the finite element
method( FEM) ,and the numerical simulations of the acoustic and temperature fields at HIFU focal region are developed.
The influences of transducer parameters ,acoustic power and treatment time on temperature distribution at the focal region
are discovered. It is proved that,with the increasing treatment time , the ellipsoidal focal region forms gradually with a rising
temperature distribution. Once reaching HIFU treatment efficacy,the temperature of the focal region(in radial+0.4 mm)
reaches 343 K(70 °C) ,with the decrease of the structure coefficient( radius/focal length) of the transducer, the required
treatment time increases , producing a narrower ellipsoidal focal region with an enhanced ratio between the radial width
and axial width. Therefore,the simulations of temperature field for the transducer with a known structure coefficient in
this study provide a new method for temperature estimation, efficacy evaluation and dose control in the HIFU therapy.
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Table 1 Parameters used in simulations at the room temperature of 293 K(20 °C)

S8 K BB Nikg141
B (kg/m’) 1 000 1 044 1 000~1 100
P (m/s) 1 500 1568 1450~1 640
TFEU 2 4 ( Np/m/MHz) 0.025 8.55 4.03~17.27
LA (1/kg/K) N/A 3710 3 600~3 890
FRER(W/m/K) N/A 0.59 0.45~0.56

2 Bldivh

Dy EE R X ORI IRIE /30 6.2 nm 6.7 nm 7.7 nm 9.2 nm F1 10.2 nm,
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Table 2 Acoustic powers of different transducers at various surface vibration displacements

Hihe B T FIH/W
AR/ nm a=0.83 a=0.63 a=0.50 a=0.42 a=0.36
6.2 5.36 5.52 5.79 5.51 5.39
6.7 6.27 6.45 6.76 6.44 6.30
7.7 8.27 8.52 8.93 8.50 8.32
9.2 11.81 12.16 12.75 12.14 11.88
10.2 14.52 14.94 15.68 14.92 14.60
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Fig.3 2-D axial profiles of temperature at various treatment time with the acoustic power of 15.68 W
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Fig. 4 2-D axial profiles of temperature at various acoustic powers when the temperature of the focal region(in radial+0.4 mm)

reaches 343 K(70 °C) for the transducers with different physical coefficients
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Fig. 5 Radial profiles of temperature at various acoustic powers when the temperature of the focal region(in radial+0.4 mm)

reaches 343 K (70 °C) for the transducers with different physical coefficients
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