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[BE] HrY i b N 5% M b g8 78 = o B 28 A2 B8 75 (high-intensity focused ultrasound , HIFU ) ¥4 7 1y J& A9 31
288 7 1 5 (dynamic contrast enhanced ultrasound , DCEUS ) 72 8 43 #r il £¢ J ¥ 13 2 80, %) DCEUS £ AR ¥E HIFU
6T HEL TS A Bl g o Ak B D7 P R G BR O AN B . iR A 20184F 9 H 5 2021 4F 5 A, Bl B 1 H g8 AT R 2 A2
HIFU &7 14 6 50 0% e 23, A 10 s b 228 2 3 i T A I 55 , EL I R 32 WK oAy e 3006 PR i o € HIF U JF 4
VEIF R R B 4 8 5 oy B 3E 47 48 75 1 52 (contrast enhanced ultrasound, CEUS) ¥ 25 . Vuebox & 12 43 ¥ B A 4
CEUS ki 4 o 72 I 4= B BT[] - 58 B il & (time intensity curve, TIC) , Jf 75 I & 4t 2 4, 60 & 0% {8 98 ¥ (peak
enhancement, PE) | | J B [i] (rise time, RT) ., ik W i} [8] (time to peak, TTP) . ¥ ¥4 J #& i} [4] (mean transit time,
mTT) I il £& F 1fif #1 (area under curve, AUC) . H4 HIFU 38 97 1 Ji B& 38 2% 2 ik g o kL K /N LCEUS 38 5% -7 12 5%
WTIC M4k GEHS BB MREIRED N 2. R AHRERLWABEIL 196, HIFUIRITHTE , B35 M bR
e B kk K/ K CEUS B B W A5 fk . DCEUS 43 B 45 3R 7w , 4145 F HIFU 3R 97 50, HIF U 368 77 )i i 968 9
kb9 TIC iy 2 e {5 5 52 PR A i 48 R T A4 /D o ZE T A7 DCEUS & it 240, PE [[(32 920.63 £ 24 822.71)a.u vs.
(17 296.11 + 16 570.41) a.u, P=0.001]% AUC [ (624 665.28 + 593 711.71) a.u vs. (309 148.00 £ 366 938.07) a.u, P=
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2 PE Je AUC J& BA W 7E R LN PS4
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Clinical value of dynamic contrasted enhanced ultrasound in
monitoring therapeutic effect of high-intensity focused
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[ Abstract] Objective To evaluate the clinical value of dynamic contrast enhanced ultrasound
(DCEUS) in monitoring therapeutic effect of high-intensity focused ultrasound (HIFU) in patients with

solid abdominal malignant tumors by compare the quantitative ananlysis curve and perfusion parametters.
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Methods

malignant tumors and planned to receive HIFU treatment were prospectively included. Contrast enhanced

From Sep 2018 to May 2021, patients with histopathologically confirmed advanced abdominal

ultrasound (CEUS) examinations were performed 1 day before and 4 weeks after the initiation of HIFU
treatment. CEUS cines in DICOM form were converted into time intensity curves (TICs) using Vuebox
software. Various quantitative CEUS parameters were generated after curve fitting, including peak
enhancement (PE) , rise time (RT), time to peak (TTP), mean transit time (mTT) and area under curve
(AUC).Comparisons of sizes, CEUS enhancement patterns, shape of TICs, quantitative CEUS parameters
and serum tumor marker levels were conducted before and after HIFU treatment. Results A total of 19
patients were prospectively enrolled (10 women, 9 men; average age, 58.84 + 10.08 years). While
comparing before and after HIFU treatment, no significant difference was observed on mean size of lesions,
CEUS features or serum tumor markers. After HIFU treatment, TICs showed decreased enhancement, and
AUC decreased either. Among all CEUS quantitative parameters, significant decrease could be found in PE
[ (32 920.63 £ 24 822.71) a.u vs. (17 296.11% 16 570.41) a.u, P=0.001] and AUC [ (624 665.28 £ 593
711.71) a.u vs. (309 148.00+ 366 938.07) a.u, P=0.002]. Conclusion DCEUS may be a potential
imaging method in detecting microvascular change of HIFU in patients with abdominal solid malignant
tumor lesions.PE and AUC might be useful DCEUS quantitative parameters.
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JibRg o AT HIFU B8Pk R B35 2 4k T 0 e
W B AR AE R AR, I E HIFURYT RIS
K AR 07 s 5T RS 1 TG B Hb W I A o
A PA I 30 98 10 1% R 28, X0 Il DR VR Al 7 2% L T R
7O S HLA R X A R R 08 B R S
& 98 97 2 PF #r BR fE (modified response evaluation
criteria in solid tumors, mRECIST) % F CT i MRI
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B2021-144) . A AbRME : (1) Z55 H L R 12 Wk i
S0 o e e R ) A 5 (2) SE AR 5 (3) Ak e
AR bR T M5 (4) 9 kb JE B TC 9 9K Y g 0 S
HENES s (5) TR Z AR T B0 HIFU R YT o HE
BRbRME : (1) AR RELE 48 7 L iE i R 5 (2)
BE RS 32 HIFU IR YT , 40t 300 il 2 B K AE 3
JE IR PR ™ A O A | K B B A RE AR
(3) & # CEUS f £ it & KX A5 (4) CEUS #2172
A4 A ) AS A2 2 min, 82 585 1) DICOM U

R EBIEFR  BEUIIF LB B4 HIFU IR
Y7 W5 I % IR T )R (carcinoembryonic antigen,
CEA) . HEZEPHT R 19-9 (serum carcinoma antigen 19-
9, CA19-9) K& % 2K it Ji 125 (serum carcinoma
antigen 125,CA125) 7K,

MERRRE XA 4om BEUESE BTl i1 54>
i ST B HIF U IR 7 09 I 30 30 P i g A8 3 2 47 Fifi
Vi, 10 s R I PR AR B O ) AR % | i VR e 988 A 35
YoKF) o 1 HIFU 3R J7 IT IR i — K K JF 4R i 47
HIFU {97 )5 4 J8 N 235 2517 CEUS K £ 47 fif 141
BIFE -

T 5 R AR R R E R AL W A
KN GRS B XN IR A RSB . R i
Tt JIC ARG, DU 9 kb oA ol A L o RSk T S TE BE 52
e b s b Je 1 U0 T, U e R SR, T 6 X e

Jei o U %% g kb 3 o TE] K s Ak Oy 5, O AR Al = D
2 min (495 kb1 58 -TH 1B T R 1R IR 200 Hr . s SRR
4% 4 DICOM A8 0 S 1 .

B J5 F BBV eubox B A4 (5 K H| Bracco 24
H D) A AT, AR BE & 4 B I JR] - 5 RE il £k (time-
intensity curve, TIC) . MEXF L TICWIEA . 4id
ik 4, 5 2 M 6 CEUS & & S 8. X L HIFU
BT S IS R 1 e 8 o e 19 R/ \CEUS 1 5 -1H
BRI TIC . SE & 2 50N MR br ic ) 2 & A7 18
25t

2 R FEE A B AL S 4 ACUSON
OXANA2 (7% [ Siemens 24 1] , JE #H# %k 6 C-1) |
ACUSON Sequoia( 7 [# Siemens 2% & , I #B44%3k 5
C-1) , ¥ 3k Ml % K 1~5 MHz. # # Xf L 7 h
SonoVue (& K F] Bracco 24 ) ), X Fb 51 19 FH 51 &
1.5 mL/IR 2 bk A, 5 mL Az B ER K vh A .

HE-ZBEHEREESHWER XM
Veubox % & 43 H1 # £ X J8& 2% #R X (region of
interest, ROT) #E47 2l A5 % 1 40 1 o 43 50l 76 i 97 1X 3k
K ibseg JA R IE R 2 2L80E 2 RO £ 15 2> ROT
TEAR KN K BB A 32 TR BE AR ), O 4 2 0k T ) L
BLR M AE S N IR LA 2L (B 1) . I H] Veubox %X
8 3 A W TIC, W I 2B A8 A 38 3 S th 26T
Ifi F4 (area under curve, AUC) .

A': Contrast enhanced ultrasound (CEUS) image of a pancreatic ductal adenocarcinoma (PDAC). B: Blue and green boxes represent respiratory

compensation areas. Two regions of interest (ROIs) were placed within respiratory compensation areas, at the same depth and with the same

shape. Green ROI and yellow ROI were placed within tumor area and surrounding normal tissue respectively. Then, the time intensity curve

(TIC) was generated automatically.

1 BREREENMBENEBRHMENE

Fig1 The placement of regions of interest during quantitative analysis of contrast enhanced ultrasound

Bl 5 25 0 i RS Y4 TIC 1A ] B (quality
of fit, QOF ) ik 75 %4 W}, I 45 i 1 & S 804 A ROF
B ADESE . AR SRS i E S8 B
I {3 J¥ (peak enhancement, PE) | | F} B [a] (rise

time, RT) ik IR} [E] (time to peak, T'TP) - 34 i it

B} ] (mean transit time,mTT) & AUC,
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HIFUNIT9000 AL 7Y 1 5 £ i 7 Jif 96 1 mil BIL (L 7
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Z R R R Ry AT FRA F ) L 7R SR I KR 12 000
W/em?, G Y7 b B v 38 OF ML, RS S A T i
TR A, B N ARk B A R RESs D RBGE R R
% 64>, MR K SR R 200 ms, 5 R & 522 1A
4 T B B 1] 2 400 ms, BEANTR YT 2000 8 75 & S I8
R 8o AE T A 1) i IR T X, AR A A R
it 52 A B, oL )RR B AE 6090 ~100% , 1R YT 58
— ™ DX P AR AR O\ D) R DX R R AT A 1) A
A BT B 3 (BTG YT T BY B BF Y 3 mm, B
ANVEIT A /EFE RN 3 mm X3 mm X 8 mm) , FFIK
) AR XS AT R R IR T KRR HE . — RGBT
M]3 30 min, BN LG TT 5 O — A7 R .
ZGitZ o R SPSS 20.0 J GraphPad
Prism 5 #EAT G811 70 o S8 & AR (VRN bR o
KAz W kB R R gt . iR R
Fisher i UJME 2 5 - AT e 1122 0 M o B A 3% 2L PR A8
wR Hrts ik, FlH Kolmogorov-Smirnov i 46
E\AiIE‘*é?;‘f&”*”EI’JE*@ 6 IEAS oA 1y 42 1
e XT K6 5, AN AT A IE 28 40 A 19 086 H Wilconox £
BORIEHERAREEESR. P05 HERASR
NE-9'8

4k R

BERKELE 201849 H £ 20214F5 A L4
19 44 M 340 1 b 980 R B B AR 5T, HoP Lo 10

1, 5 ¥ o B, AE#E 43~84 %, V14 (58.84 + 10.08)
2o 19 CEERINTE K /B IR R 4 15/4) W k3 ok &
g FHLTIE S (1% J 38 0 A2 ek v LR 28 ) 5 S A EYT R 1Y
HIFU {897 o 9 kL 40 300 T AR (11 A4>) A (3
) FEIE A BB R TR (14 .

HIFU 38 97 1 5 Bl 7 £8 2 000 38 I8 A 75 9 7K
o, CEA [ (31.01+82.51) ng/mL wvs. (26.74+
75.67) ng/ml] . CA19-9 [ (1343.58 + 3073.21 U/mL
vs. (1090.28 +2802.51) U/mL ] CA125 [ (30.18 +
24.48) U/mL wvs. (36.32+61.83) U/mL /K ¥ 74
SY R Y0 AR

“HEFERI HIFURYTHEIG , 19 0] 18 5%
P i 96 o kb A RS e B R AR ] A (n=18) B¢ 4 [l
(n=1)SZ T A, 31 7 R0E (n=13) B SR N (n=
10) o JRITETACA 15.79 %6 (3/19) #3995 kP9 AT I K o5
RFE @ IMGAR S o 507 AR I, HIFU 3R 97 )5
SR /N BB & 4/ [ (55.42 4 22.24) mm s
(53.16 +25.81) mm,P>0.05,F 2],

BEIERERN B A XA E  7E HIFU
TR YT, 19 1] J050 350 0 A% e 8 s ok 7 2l Jok 40 3= 24 3
KAL) (n=19) 1) (51 1] 75 38 58 (=7 ) B[] 75 4 51
(n=9) , i ok J1 /171 Ik 4] K S8 SR 1 ¥y 52 A1 [l 75 3% 5
(n=17) 272 o 419 Kk N AT UL Ih 2 AN 3 ik (1) IR 4K
X o 5 HIFU &7 HiAH E 167 5 B 8% i 9
SRR AR I S R B SR TR BB s S (1 2) .

A': Before high-intensity focused ultrasound (HIFU) ,a LAPC lesion showed heterogeneous hypoechoic solid lesion with irregular shape and unclear

margin on B mode ultrasound. B-D: After injection of SonoVeu, the lesion showed heterogeneously hypoenhancement during arterial phase, venous

and late phase.E-H: After HIFU treatment, the LAPC lesion showed similar features on B mode ultrasound and CEUS examination images.
! BEREREEBFATHERRARRE_H#BFREBFELRA

Fig2 Contrast enhanced ultrasound features of locally advanced pancreatic cancer before and after HIFU treatment



Je FRLAE SR RS M R O SR AR P IR T A ST T R A R A 205
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CEUS i #2 ¥ 3 3 Vuebox 5& & 40 #r 514 1 36 4 %
TIC, Frf TIC¥ A HE L F 2 X N, 2Bk
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6] HIFU 36 J7 10 A b, 36 97 J5 B8 350 2% v i 9 o b
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Green curve and yellow curve represent microperfusion within tumor area and surrounding normal tissue respectively. A and B: While compared
with TIC before HIFU treatment and after treatment, the peak enhancement and area under curve (AUC) of TIC within tumor area were smaller

than before.
B3 BEREBFGTAERE-E2EMZEILE

Fig3 Comparison of time intensity curve between before and after HIFU treatment
NEBEEREESH MATICHUEEY
KTF75%. HIFURITHTG CEUS JE it 2 LB 45
W OR AT G A B PE [(32920.63 + 24822.71)
a.uwvs. (17296.11 £ 16 570.41) a.u, P=0.001] & AUC
®1 RREREEFATAEMERLIBEEEYEESHLER

Tab 1 Comparison of quantitative parameters between before and after HIFU treatment

[ (624 665.284593 711.71) a.u vs. (309 148.00 +
366 938.07) a.u, P=0.002] 3 1 E % T8 ¥7 A , {2
RT .mTT M TTPEIGITIIRA MR ZEZF(F 1),

Parameters Before treatment After treatment t/Z P
PE (a.u) 32920.63 + 24 822.71 17 296.11 16 570.41 t=3.783 0.001
RT (s) 9.63 + 4.44 11.05 +5.74 Z=-0.783 0.434
TTP (s) 15.74+ 6.19 18.05+ 7.84 Z=-1.008 0.314
mTT (s) 75.74 + 64.59 83.79 + 100.29 Z=-0.362 0.717
AUC (a.u) 624 665.28 + 593 711.71 309 148.00 * 366 938.07 Z=-3.139 0.002

HIFU: High-intensity focused ultrasound ; PE: Peak enhancement; RT: Rise time; TTP: Time to peak; mTT: Mean transit time; AUC: Area

under curve.

HIFU A g — Fif g 2 i) A 42 2% 1k B3 il 7 =X
T 25 fiff B 300 HEE 0 S0 A P JR R P 114 ) R A Ak
i /0 i g A A2, 5 ) R e R A i H T A
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TRk B il T TH R 2 60 (C LA L, 5 6 i 97 200 A 174 558 [
PEVRFE K5y TR0 2R 24028 | 7 T BB T BE WL 8 31
b N 22 e BT B9 S R LA % LA R AT 5 B0
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K M AR = 07 2, RO KT HE L B O Al
HIFU &7 W97 30, X5 T 48 5 0 109 30 00 1 i 9 2
HWEEIRIT F R A A EEMME . AN R
JI& 0 2 o e o kE HIFU 3697 )5, CT M MRI % 1
Wi 17 e 988 A R A WL AT AT 8 35 A8 b, RS 6 JR i o ik
U5 /N 20 30%, R a3 A4 A IR i B4 D ot
60%"", {HZE CT K MRI ¥ £ A~ fE & & 7w 9 4k
DAL ok O A i T A e, ELUOR S IR S I O £
WEE KA,

i P A L TC B L BIURR | 2 ) oy PR AR
PE A, BEALE I 98 T B 36 7 1 5 A N 2 R Bl . WF



206

HHARWR(ES) 2022453 H,49(2)

S8 UE S, R A Rl s T 0N A A T R R /N
XS AR A BT P A B 3 v
B AR L DRI AR A T S R R RS T b
VAR T g P9 0 S0 B it 9 3 9 AR Ak A BT Rt
WEDIY L. FEA L 6] b, HIF U 3G 7 1 5 X ke, —
I I TR TS0 S i N N o I N T SN T A
1M HIFU YA Y7 J5 8 00 e ok P 38 174 6 75 1 5%
JE 1 S8 PE K& AUC 83697 /i 1 B FE A, & W
Bl 75 P 1 SOE A BT B OR BE R M A T A
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PR R L SR R A I AR Y A i AR R P A i g
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