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Early differentiation of residual tumor and inflammation rim after
ablation of rabbit VX2 liver tumor by quantitative analysis of
contrast-enhanced ultrasound

HAN Hong'’, JIN Yun-jie', LIU Rong’, FAN Zhuo-yang’, JI Zheng-biao', WANG Wen-ping'"
('Department of Ultrasound ,” Department of Interventional Radiology , Zhongshan Hospital , Fudan University ,
Shanghai 200032, China; *Shanghai Institute of Medical Imaging ,Shanghai 200032, China )

[ Abstract] Objective To explore the value of quantitative analysis technique of contrast-enhanced
ultrasound in early differentiation of residual tumor from inflammatory rim after laser ablation of rabbit VX2
liver tumors. Methods VX2 tumors were implanted on the livers of 16 New Zealand white rabbits,
followed by laser ablation to create a partial ablation model of liver tumors. And then contrast-enhanced
ultrasonography was performed at 1, 3, 7, and 14 days after ablation. The examination instrument was
Toshiba Aplioi900 ultrasonic apparatus, and the ultrasonic contrast agent was SonoVue. Referring to the
final pathological specimen, the images were replayed, and the regions of interest (ROI) were selected in
normal liver, residual tumor, and hyperemic inflammatory rim for quantitative analysis respectively. The

morphology of the time intensity curve (TIC) and the differences in the values of each quantitative
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parameter were compared between the residual tumor and the hyperemic inflammatory rim after ablation.
Results A total of 70 ROI were delineated at different time points of 1, 3,7 and 14 days after ablation,
including 34 residual tumors and 36 inflammatory zones. The morphology of TIC was different between the
residual tumor and the inflammatory rim around the ablation zone. The most common TIC morphology of
contrast-enhanced ultrasound in residual tumor was the rapid rise and rapid fall type (22/34,64.7% ) , while
that of inflammation zone was the rapid rise and slow fall type (20/36,55.6% ) (P=0.002). On the third
day after ablation, the quantitative parameters of contrast-enhanced ultrasound including peak intensity,
time to peak, mean transit time, area under the curve, area under the curve of wash in and area under the

curve of wash out were significantly different between the residual tumor and inflammatory zone (all P<C

0.05). Conclusion

Quantitative analysis of contrast-enhanced ultrasound has certain value in early

differentiation of residual tumor and inflammatory rim after ablation of rabbit VX2 liver tumors.
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PTC 25 Rl £ s -0 00 A g, B 1008 J5 2 A6
2F 6 A Sk AR EE 5 mm; {H Rl DI R 4 W, B i BB =
100 J, B2 42 4 R 1/3~2/3. 1 2 VX2 B [ £
T 5 bR, R e DT R, L 15 B R Tl AR
0 T AR A
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B A7 8 o 3 5 R HT I E 1Y TR AR, 1 15
76, LA B 0.10, 75 D1 126, sh & H
60 dB , AL HUE T EIMBUR S .

WA B 2 g BR85S [l kg it P45, 3 S AE TE
wOWNE 20 21 5% 0 41 21 L R ORE A T ik B B X
(region of interest, ROT) , 17 &4 Hr ki #r o R H]
A2 AT R R 0 B 30, 6 A ROT 2 ] B[R] -5
B i £k (time-intensity curve, TIC) , MR #5821 & J& il £k
F 2158 1 5 e S (D B[R AEOC S48 3k
4 B} 18] (time to peak, TTP) , BRI ZH 21 P HY B 1 52 )
2 3 52 0 Ik 0 5 B Y B R) 22 5 7 34 U R A )
(mean transit time, MTT) , Bl 1& 5 5 76 20 24 9 M\ idE
A B U B B E] o (2) 5 R RE OC 2 Bk s 0 R T
(peak intensity, PT) , B} TTC i £& 5% &5 25 % 7 A9 20 A
R BO(E 5 it 26 F 1 FH (area under the curve, AUC) ,
B TIC il e 5 8t BB R i e AR b Tk S 261 T AR
(area under the curve of wash in, AWI), Bl TIC pi £¢
T S A R TR 5 T R S 4R A (area
under the curve of wash out, AWO) , Bl TIC il £k
Wo 3 5 e B Pl ol g D AR . B — B g A R A B HE &
W3 IR TIC #h 2k, WO G B d5 ey )t 26 25080 26 47 43
Bro DAIE®IFHLTIC LM LA R FEZ NS
18R ROTHY TIC il 268 25 73 i 4 B < 3 T 33 o Y
(1AL GEFF AN AY) 22 T sk A (I AY) Je
ZFERERI(IN L)

RIEMN WA IS 1.3.7.14 K 5 5 kAL AL

BB 3~5 VX2, UbR A WL 2 30 fl okt K 5% A R 1
Do T Rk 64 T AT U ICf 5 SR AR R LI i E
[ kb S AE S AT | IE T U R A) L 400 HY IV
AU B WAL (K 1) o

WIEE  HE Qe o, AT

A': Different regions of interest such as residual tumor (red ring) ,
hyperemic inflammatory rim (yellow ring) and normal liver (blue
ring) were outlined on contrast-enhanced ultrasound images for
quantitative analysis; B: Time intensity curves for different regions of
interest, including residual tumor (red line) , hyperemic inflammatory
rim (yellow line) and normal liver (blue line) ; C: A specimen slide
corresponding to the ultrasound image was cut from the core center of
the ablation lesion, including normal liver (a) , hyperemic
inflammatory rim (b) , ablation coagulation lesion (c¢) and residual
tumor (d) ; D: Pathological HE staining diagram ( X 100) confirmed
various zones (a,b,c,d).

B1 VX2eRFMEMLBY HRBAREE3IXE R

Fig1 Images of rabbit VX2 liver tumor on the third day

after partial ablation laser
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FETH AR JG 1.3.7 S 14 K, BR 1IEH FF L8108, 24
FE 704 ROT, A 6 5% 98 X 34 4~ FL R E X 36 4~ 5%
I 55 T mlCRE TR AR R A R R T B2 S 2l KO RO 38
ANTR] 5% i 22 3 0 g kbR D 20 IR B4 IR g i (25/
34,73.5%) , D 4 AN B3R R 1 5 (9/34,
26.5%0) s HRAE AT 22 0 A FEAE TH RlkE S R Y R RE —
I BINIE 858 (34/36,94.4%) , AL 24> RAE
7 22 IR Kb JEL AN HL 0 3R 0 38 i

Pl A 58 98 KT Rl kE ] 98 R T Y M S 3 52 TIC
MR A R I, 3R 988 S RAEAT YAl R T~V A,
EBR R M LB A LL T R 3 (22/34,64.7% ) , 1 R
SEA ML B Z R MM 11 B (20/36,55.6%0) . P4l
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Tab 1 Comparison of the morphologies of common time

intensity curves of residual tumor and hyperemic

inflammatory rim n (%)

Residual tumor

— 22 (64.7) 5(14.7) 5(14.7) 2(5.9)
Inflammatory zone 15 1) 50 (556)  1(28) 8(22.2)
(n=36)
P% 18.966 12.709 1.835 2.595
P <0.001  <0.001  0.176 0.107

Type I :Rapid rise and rapid fall; Type I : Rapid rise and slow fall;
Type Il : Slow rise and rapid fall; Type IV : Slow rise and slow fall.

Ll 558 % 9 R AR RE S B A 1Y 7R R TIC 4
SRR B, FE I RS N [R) B R B AR g S A E A Y
HKiEw EESEEAR . HAARFH IR, RES
RAEW 27 R, RHANPL.TTP MTT . AUC,

AWILAWO K S HHEE R ASIT %2 L (PH<
0.05,%2),

R2 RVX2AFMERRS HRLE R B R B R RESHR
EREFTBFREZEESHILEER
Tab 2 Comparison of quantitative parameters of residual
tumor and hyperemic inflammatory rim at different time

points after ablation in rabbit VX2 liver tumors (T * s5)

PI (dB)
1 0.28 £ 0.24 0.10+0.17 1.024 0.323
3 0.35+0.19 0.85+0.38 —2.037 0.026
7 0.38+£0.12 0.15+0.10 1.085 0.302
14 0.27 £0.19 0.10+0.12 0.811 0.426
TTP (s)
1 9.65+5.78 8.37 £5.10 0.468 0.647
3 6.47 +2.23 8.15+2.25 —5.384  <0.001
7 10.37 £ 3.92 8.63 £ 3.45 0.800 0.202
14 5.57 +2.04 14.00 % 5.07 -3.224  0.004
MTT (s)
1 22.37+12.37 25.50 £ 12.24 —0.256 0.262
3 31.76 £ 13.62 20.38 £ 11.41 3.889 <C0.001
7 23.50 + 5.48 24.31+7.42 -0.128  0.960
14 9.87 £2.28 36.50 £ 16.63 —4.901 0.001
AUC (dB.s)
1 26.06+12.92 11.85+7.31 1.501 0.035
3 13.18 £ 7.99 31.53+11.93 —-4.112  <<0.001
7 20.37 £ 10.46 14.50£9.07 0.730 0.693
14 10.20 + 5.87 17.60 £ 5.29 —-1.307 0.142
AWI (dB.s)
1 2.97 £ 0.46 1.11£0.43 2.103 0.024
3 1.59+0.53 4.27+1.29 -3.915 <0.001
7 3.00+1.78 1.60 £ 0.99 1.335 0.034
14 1.47 £ 0.44 2.60+0.63 —1.085  0.492
AWO (dB.s)
1 23.12+12.75 10.87 +7.07 1.414 0.041
3 12.17 £ 7.15 27.04+9.12 -3.057 <<0.001
7 17.25+7.03 14.20 £ 7.90 0.409 0.943
14 8.67 £ 4.52 14.70 £ 6.70 —1.180 0.125

PI: Peak intensity; TTP: Time to peak; MTT: Mean transit time;
AUC : Area under the curve; AWI: Area under the curve of wash in;

AWO: Area under the curve of wash out.

S CT B MRT I 5 12 W7 11 il B 0 1 0 2
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