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Relationship between coagulation necrosis and cavitation induced by PHIFU
Liu Shan ,Wu Feng,Zhou Wenying,Geng Cong,Chen Fei,Zou Jianzhong
(State Key Laboratory of Ultrasound Engineering in Medicine Co—-Founded by Chongqing and the Ministry of
Science and Technology, College of Biomedical Engineering,Chongqing Key Laboratory of Biomedical
Engineering; Chongging Medical University)

[ Abstract }Objective  To study the relationship between coagulation necrosis and cavitation in bovine lens induced by PHIFU with
different parameters,and to explore the best way of irradiation. Methods : Different sound power and duty cycle of PHIFU (group A,
control groups:60 W-100% ,group B:120 W-50% ,group C:240 W-25% ,group D:500 W-12%) was used to irradiate bovine
lens ;the real—time formation of coagulation necrosis was recorded using high-speed imaging device;the acoustic scattering at the fo—
cal region was recorded by PCD system,and then the relationship between the irradiation process and cavitation was analyzed,and the
effects of irradiation parameters was compared. Resulfs : Coagulation necrosis was occurred in each group. At the beginning of irradia—
tion, the root—mean—square (RMS)was increased in groups C and D, and the corresponding average time of appearing coagulation
necrosis was (2.63 £0.71) s and (2.45 + 0.68) s,respectively. In group D,the occurrence time of coagulation necrosis was the shortest,
the volume was the maximum,the energy efficiency factor(EEF) was the minimum,and the cavitation occurred acutely. Conclusion :
Under the same total dose of radiation PHIFU, sound power=500 W ,duty cycle=12% is the best. Cavitation occurs earlier than the
appearance of coagulation necrosis.
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Fig.3 Cavitation spectral information in each group
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Fig.4 Changes of RMS level related to broadband noise in each group

KA FEEFINREIA AN RMS fhekigE B, MERE—JTaa =SAs R4, AR gt
¥, FREE AT HRUMBIZILE 4), B, E BRSSP E B L R A BT i . AT
TR MBI M RAE, BB, =S8 BN AR TEEEIFIEHE, 4 ARES
5 R4, C.D HEERA K RMS EAERBIT AN BT BERIVERFET 4 i SRS 1E] 60 W A& I 18]



— 1514 —

WEEER KSR 2015 4£55 40 %% 12 18 ( Jounal of Chongging Medical University 2015.Vol.40 No.12 )

B, 120 Wk ,240 W 1 500 W 558, RS 4L
B & AR E T B E IR SRR AT R A, X 5 U
B 98 PO R 245 36 . PHIFU 48 BB R, D 4 E
SRBE H BRI 7 sk [ B A, 48 R 45 3R 5 LB B 3R 5T
{AFUE K, EEF 8%,

S REN . EHRMNET , BRR LS
F i) PHIFU 5B ISR ER TR R E S TR RS
F, REMESDRER, HiERIRPEXE
RER, T RS B BBl IE AR 7R B R BR K
B3 RN {H PHIFU [BIKRA FREEMH R,
A EAEY B FRRIR T, X 5% e, A REE R
B A, KR THIS, LT R RN R L, XK
& PHIFU JAIT I Z 2VEHIA AR T O 8,

B TRELEAFRY, ERIRPRANFL
RGN , TR S Z BB HI R, RiRH
PHIFU Y7 R 23, T R PHIFU 58t
72 HR YR B M I B i — 2 BT AR

2 % x ™

(11 & A & 58P S ARKEREREESERT R
4R T T ) SC IR SR B Y R RL KA 4R ,2013,33(2)
230-234.

2] X 35 apE JERIR %G KR RsR B R AR IR R
Bk 4 AT BUR 7 e B (], o B AB A EE 3 447, 2013,29(1) : 75—
78.

Bl EER,ZRE G EIRTESRERSNAMLER K
S AL, 2008 236-237.

[4] Frenkel V,Etherington A,Greene M,et al.Delivery of liposomal
doxorubicin(Doxil) in a breast cancer tumor model ; investigation of po—
tential enhancement by pulsed~high intensity focused ultrasound expo—
sure[J].Academic Radiology,2006,13(4):469-479.

[5] Min JP,Young-sun K,Jehoon Y,et al.Pulsed high-intensity focused

ultrasound therapy enhances targeted delivery of cetuximab to colon
cancer xenograft model in mice[J].Ultrasound in Medicine & Biology,
2013,39(2) :292-299.

[6] Wang S,Shin IS,Hancock H,et al.Pulsed high intensity focused
ultrasound increases penetration and therapeutic efficacy of monoclonal
antibodies in murine xenograft tumors[J].Journal of Controlled Release
Official Journal of the Controlled Release Society,2012,162(1):218-
224.

[71 Hwang JH,Zhou Y, Warren C,et al.Targeted venous occlusion us—
ing pulsed high—intensity focused ultrasound[J].IEEE Trans Biomed
Eng,2010,57(1) :37-40.

(8] XEG BR8P ERER ARSI
BRI VX2 B HUR AR SR ). 7 B P R AR, 2007, 23
(11):806-809.

[9] Huber PE,Mann MJ,Melo LG, et al. Focused ultrasound (HIFU)
induces localized enhancement of reporter gene expression in rabbit
carotid artery[J}.Gene Therapy,2003,10(18) :1600-1607.

[10] Lafon C,Khokhlova VA, Kaczkowski P],et al.Use of a bovine eye
lens for observation of HIFU-induced lesions in real-time[J].Ultrasound
in Medicine & Biology,2006,32(11).1731-1741.

[11) Melodelima D, Chapelon JY , Theillere Y, et al.Combination of
thermal and cavitation effects to generate deep lesions with an endo—
cavitary applicator using a plane transducer:ex vivo studies [J].Ultra-
sound in Medicine & Biology,2004,30(1):103-111.

[12] £ B, E #2355 HIFU BREESRSRESER
HERFE i BRE [R] 5 45 46 3 JR i 2 S ST ). B0 5, 2013, 34(2)
64-66.

[13] Burke CW,Klibanov AL,Sheehan JP,et al.Inhibition of glioma
growth by microbubble activation in a subcutaneous model using low
duty cycle ultrasound without significant heating{J].Journal of Neuro-
surgery,2011,114(6) ;: 1654-1661.

[14] Yang FY,Chiu WH,Liu SH, et al.Functional changes in arteries
induced by pulsed high —intensity focused ultrasound [J].Ultrasonics
Ferroelectrics & Frequency Control IEEE Transactions on,2009,56
(12):2643-2649.

(FriEmat: AAE)



