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Abstract Objective: To evaluate the safety and efficacy of high-intensity focused ultrasound (HIFU) ablation for the VX2 liver
tumor near the hepatic main blood vessels of rabbits by using dosimetry and magnetic resonance imaging (MRI) and by analyzing path-
ological changes and survival. Methods: Rabbits with VX2 liver tumor adjacent to the abdominal aorta were divided into the HIFU (n=
32) and control groups (n=20). MRI-guided HIFU was employed for the ablation of the liver tumor in the HIFU group. The ablation vol-
ume and the energy efficiency factor (EEF) of the 32 ablated rabbits were further analyzed. MRI and pathology were used to compare
the changes in the tumor before and after HIFU. The survival of the animals in the HIFU and control groups was also determined. Re-
sults: Both pathology and imaging showed that the rabbit liver VX2 tumor adjacent to the abdominal aorta was completely ablated,
with an EEF of (25.72+11.40) J/mm’. The survival rate was significantly higher in the HIFU group than in the control group (P<0.05).
Conclusion: HIFU ablation is safe and effective in rabbit VX2 liver tumor near the abdominal aorta. This approach significantly in-
creases survival.

Keywords: high-intensity focused ultrasound, rabbit, abdominal aorta, liver neoplasm, magnetic resonance

o o B R £ 75 (high intensity focused ultra- — FIZZE R AR SCHE— AL A58 KA AY <2 ENRUN 7 X
sound , HIFU)/E A —FPEr (AER APEMRIA P HR,,  HIFUTHAAREIR . 1% 3CE i HIFU 5¢ 47 fliE S g
AE A R IR B0 21 200 X B DX BB OE B 412U e FShKIRIEE <1 em B FRE , BRI Rl 55 iR 1
Bt AR e R R TR R L IE S AR s X H HIFU T il 2l -5 0 BE 20988 O 19 2B A7
WL PRI I 4 I B MG B A BB T, 2 30, MHE HIFU XK A8 52 e 3 fl ) A A7 30152 )

fEER . ERER R Y E R IR, AR EA LN EE F - BT R EF I R EA LN E , EXTEYEZIEEER L
= (EK400016)

*ANRBZEREREMARLZREITH (45 :2011CB707900) .+ Z H R X # it %l (45 :2011BAI4BO1 ) MEA T E AR ZEE
(475 : cstc2013jcyjA10109. cstc2011jjA10033. cstc2012jjA10083) & B

BIE1EE 3Kl lianwzhang@yahoo.com



1518

P E MGG R 201455 41 55 23 8 Chin J Clin Oncol 2014, Vol. 41, No. 23 www.cjco.cn

1 M55
1.1 LR

X RAZH < P4 22 K 1% 20 1, vy BE S i 32 30 ik
B <1 cm [0 B A R8Y J5 99 A XS B 2H AR EE 2.0 ~
2.5 kg, MEREABR , B 5 PR SRR 2F B S e 2
ft, SCERH 32 PR Sl D T FE S I 3 B bk R <
1 e (49 JHF bR 45 780 - 5¢ B, HITFU 934 il
1.2 BB

AAIFGE R FH eh = DRI B 7 R I 4 A B )
W i R R S ) e i P R AR IR T RS, 5
Siemens Magnetom Symphony A Tim 1.5T MR &4 #HIL
Bt o 25 Hi2 Wil (45 . 7300) , 453k 450K
3.5 MHz (& KA A ), H PRI HR 7 R A BR
ocaldft, BRBME b FAR T EF AR E
PREERF K22 A B2 T AR 2R B AR AL
1.3 Sgrik
1.3.1  #SrE R ks a4 K a
VX2 JIea Fr) 98 e i B RR IR [81 52 )i VR IR rh 2B 2 E A
R S I %) g, B9 0 % PR R 2 8
A1 mmx2 mmx2 mm K/NEIREEL A . EEST AR AL K
S 61 2 DU R [ TH BRI L TR GIR T
WM—PT U0, B E AN, 2P I bt 78
O T JFF 1) AR AE N VX2 e e, R 38 1 i fe 4 T 2%
MM s , 3% 248 A o FEFRIS , MRT 0 3k i B =6 50
FKTBIEE/NTF 1 em AR S VB R SRR X521
1.3.2 HIFU i/l HIFU 20 A Zh #4510 9% % T MR
51 AT HIFU JH /il SCRHT 12h 28 6 280k WS TR
G H 2R KT 3% 30 B U Z- ARV T 1 mL/kg J TR
JIg AR WS RFRM [ 5 T HIFU R YT RAR L
MR FIE , AR IX (B 1A ), e i i e )2 1
O e T T 380 3 T ) P A R B i R R 3B ok MR
L W I DXL AR Ak (1B, 24 TR >60 C s
FE o fE A, B2 7 5 e 2 e I A A e
1.3.3 WEIARMEL  HIFU 4008 % T AT 45 & MRI
PRGN 5 e — I 32 B Jok () P R 08 (R 2% AR e H A8
JAARRL, AN

V=0.5233xaxbxc” (a: Bife, b 758, c: L F4R)

S3 T HIFU JHRIET S THE3E0 SHARZE D | mL/kg,
25 W ik S AT P IE MRY 2h 25 58 38 494, 3 280
9 : FOV:300%300 mm, /25 : 3.0 mm, TR: 502.0 ms,
TE: 12.0 ms, % LU IH Rl 5 e B RSB O .
1.3.4  TH S ER SR B AL HIFU 41
%6 H, T HIFU JH RS 2 HANSE, B & T
Wb, E A AU S HE Y, 68T WL R 1
L

1.3.5 EfEHIIES ¥ HIFU 3 Bl 98 4 5 %) R

LRI R AE AR R 25 T ) 55 28 RGBT, WLEE P 40 (1]
T AAE], FLAS HIFU XA AR B 5200
14 Gttt

K SPSS 17.0 Gt o b7 , TR wes 36
TN RMSIAEA K S0 #E AT R Y LA . P<0.05
REFAGTEE L,
2 #R
2.1 I 5% IR i )

SIS 2R R G IR YA S AT L TH RSB ER 1,
2.2 MERAR AR

XF HULEE T Bl e MRT R S & B0 e 1A
1B Ui/~ HIFU 3 fill A e 76 T2WI 2 5 {55, TIW 1S
s R R A R ST Ak . HIFU 3 Rl g TIWT
R RAE S, T (B 10).

F1 HIFULEBNEER S

Table 1  Ablation results of rabbits with VX2 tumors in the HIFU group

Item HIFU Control group
Volume of tumor(cm*) 1.55+0.65 1.70+0.35
Distance of tumor to aorta(cm) 0.74+0.14 0.77+0.10
Total dose(]) 83 745.33+36 180.02 —
Volume of necrosis(cm®) 3.36+0.98 —
EEF(J/mm®) 25.72+11.40 —

B
» T2WI A. Contrast—enhanced MRI
obtained after HIFU displayed the

non-perfused area in the tumor; B.
Contrast—-enhanced MRI  obtained
before HIFU illustrated slight en-
hancement in the tumor; C. Image
obtained before HIFU showed the

presence of tumor in the liver
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Figure 1 MRI contrast of a rabbit VX2 tumor near the abdominal aorta

tumor before and after HIFU ablation (white arrow: tumor)
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The tumor was colored gray before HIFU ablation. The tumor was colored
white and hard after HIFU ablation. (A, B); Hematoxylin and eosin stain-
ing showed that the nuclei were large and deep with cytoplasm imbalance
The nuclei fragmented or disappeared after HIFU. The cytoplasm was
stained (C, D) (H&Ex400)
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Figure 2 Pathological comparison of the tumor before and after HIFU ab-

lation

A complete vascular wall was observed with no intima damage, and elastic
fibers were arranged in neat rows. Moreover, no swelling surrounding the
normal tissue cells was observed under a light microscope
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Figure 3 Abdominal aortic pathology after tumor ablation (H&E x400)
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Table 2 Comparison of survival between the HIFU and control groups

Group Survival(d) t P
HIFU 60.78+12.65* -2.79 0.008
Control 50.39+10.71

*; Compared with the control group, P<0.05
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