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Abstract

BACKGROUND

Accurate evaluation of microcirculation perfusion in tumor
tissue is of great significance for clinical treatment and
prognosis evaluation. Contrast-enhanced ultrasonography
(CEUS) is a highly sensitive means of monitoring
microcirculation perfusion, which can objectively reflect
the microcirculation perfusion state of tumor tissue and
provide reliable hemodynamic information for clinical
diagnosis and treatment.

Alm

To evaluate the perfusion status of gastric cancer (GC)
by CEUS, and to explore the correlation between the
perfusion status and the indexes of angiogenesis.

METHODS

Sixty-six patients with GC were selected as study subjects
(GC group). All patients were examined by CEUS 3 d
before operation. The enhanced intensity (EI) and time
to peak (TTP) of GC and tumor-adjacent normal tissues
were measured by time-intensity curve analysis. The
levels of vascular endothelial growth factor (VEGF) and
angiopoietin-2 (Ang-2) were measured by enzyme-linked
immunosorbent assay (ELISA), and the microvessel
density (MVD) was measured after operation. Seventy-
two healthy volunteers were selected as a control group
for comparative analysis.

RESULTS

The EI and MVD were significantly higher and the TTP
was significantly shorter in GC tissue than in normal
tissue (P < 0.05). VEGF and Ang-2 levels were significantly
higher in the GC group than in the control group (P < 0.05).
El had a positive correlation with VEGF, Ang-2, and MVD
(r = 0.85, 0.81, and 0.88, respectively; P < 0.05), and TTP
had a negative correlation with VEGF, Ang-2, and MVD (r
=-0.72,-0.73, and -0.86, respectively; P < 0.05).

2020-05-08 | Volume 28 | Issue 9 |
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CONCLUSION

CEUS can dynamically evaluate the perfusion status
of GC, and CEUS blood flow parameters have a good
correlation with VEGF, Ang-2, and MVD. CEUS can
provide a noninvasive imaging method for clinical
evaluation of the angiogenesis status of GC.

© The Author(s) 2020. Published by Baishideng Publishing
Group Inc. All rights reserved.

Key Words: Contrast-enhanced ultrasound; Gastric cancer;
Enhanced intensity; Time to peak; Vascular endothelial
growth factor; Angiopoietin-2; Microvessel density
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(contrast-enhanced ultrasonography, CEUS)% — 4 &
JEAR % 09 SRR R A N T B, AR SR BRI 8 48
LA AR AR IR S, T A e RS RAL T ¥
89 IR N F A7 8

BH7
i& ) CEUS##4% B & (gastric cancer, GC)fn 7L iE K 7,
FARIT 5 o B #7 £ FRAT A AR KL

Fi%E

L AL B AT F A3 696661 GCEHAE A BT R
*t%(GC). Frh B4 KA =K WATCEUSKZ, i&
T B R - 5% vl XM S GCALAR . 5 IR AL 4R A9 3
FRIB L. ikYERT ], JF SRR BRI S 9% PR ik (enzyme-
linked immunosorbent assay, ELISA)M| & % % s 7 fr
W E A KEF (vascular endothelial growth factor,
VEGF). % 4 i Z-2(Angiopoietin-2, Ang-2)7K-F,
ARG M Z AT A A 5% & (microvessel density,
MVD). ) HAiLIT724] 4 B & JR 5 AF Ay 2t B 4Lt 47 1
AT

&R

GCALRMIGZZENRZH T RS ERALR, £27H
%3t 5 & SL(P<0.05); GCLLLR# kM nt 19 B 242 T
Fa oy AR, Z TR St 5 & SL(P<0.05); GCLLLR
MVDH 28 TR FEFAR, £2FA%TFEL
(P<0.05); GCHL#9VEGF. Ang-280 2 & T4, £
FH Gt 3 FSU(P<0.05); GCLALREI I IRIEE A 5
VEGF. Ang-2. MVDEZ EAI%( = 0.85, 7 = 081, r =
0.88, P<0.05); GCZA £ #5941t 18] 57 5 VEGF. Ang-
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2. MVDZE fi#8%(=-0.72,r=-0.73,r=-0.86, P<0.05).
i

CEUS##) &P GC i il iz R &, L i Sl
VEGF. Ang-2. MVDAE XM R 4F, &4 16 RIFEGC
A B H3 AR SR AT TR
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1ZIDIRE: # # 1% % (contrast-enhanced ultrasonography,

CEUS) AL B XL R It 9 £ 28 84 dn 7Lt 12K 5. 15 ICEUS
TEAE T 0 AR S VA B R E A PR AR, A A
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¥ (gastric cancer, GC) /& — i LY A TE B IR, Fok
AR R 5 MVESE AR B UIAROG, At 1 LI B ADIRAS
OCE KM, 3 B (contrast-enhanced ultrasonography,
CEUS)/2& —FhBeJo ) P SCI 2 28 S Bt 2H 23 if i vE R
BIEEAEHHA, Barcr ZR A TR, 20t 5tiz H
CEUSVHEGCHA M HEES B, KIS ME N
JZ A KAl F+(vascular endothelial growth factor, VEGF)+
M A% -2(Angiopoietin-2, Ang-2). Il % &
(microvessel density, MVD)FIAHICHE:, DA NI R VP4l
GCHLE ARSI UL MR B) 1 2.

1 #RIREA

1.1 A %52018-02/2019-123 18], LEHVLEE BT F
RN HI66H1G C A AT 7L R(GC4L), Hrd 545
B, @214, FE#435-70%, “F1452.01% £7.32%5 . Nikhs
#E: (DBILTRIEIZ NGC; QAR A ¥ 52 AT T
RIGIT; Q)G HH eI, (4)LCEUSHIIE#L (5)
REFC AR A, [RIE 7249 fid e i IR VR o BE A, 3
LRIl R AT UE S By A e, Horh 5401, Zo324, e
32-68%, “F1450.66 %5 +£8.29% . WiZH[REIAE4( = 1.008, P
=0.315). ERlG” =2.321, P = 0.128) bLic 2 RS 112
B X (P>0.05). AW TtiE B FeAt 2 o i e, SRR
1 A IR J s F = 1.

12 7%

1.2.1 # F#d: KH Acuson S2000F% (4% il /12
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WA, B 4C TR L (B3R 4.0 MHz), Fiif3 %}t kit 251
A AR, CEUSHI# FSono Vue(Bracco A #)), $4HE
1 1 1) R A 5 .

R AT AR 25 &8 h, WE R U EML, 1K F1600-800
mLALFK R B, S E B e o E, 4
MEFIECE . KA BT WERESE . g, 2
O R S L. R BOR kL BTN, BAICEUSEIK. &
Jiof S e Pk DA AT AR 1 S 502.4 mL, (RSB THI A7
it 75 G, M2 kb 2 A B2 (AR D F5 min).

HI 12 450 = 5 B s 3 R AR /- TCEUS IR,
ST GO 55 1E A SUR B EOGIX, JUE AL
BERIT B, B KN RARFEF 3L R A )
Az S )-SR 2. 0 SR GCAHZ, T 55 1E H 240
(B SR . BEmtim FE DA S IR VT [R], FRARYE A A o
¥ = A F5E - M R, TH AR 3 s ik ().

1.2.2 s FHm: R, SRR, MBZR#ES mL
ik, = 35 5% B30 min, fIGI3 290020 B8 I, AT AR
TR 42 R T B G T2 R i iR B (Sigma A 71 ) Ui B EEAT
AR, MSE M5 VEGF. Ang-27KF-.

1.2.3 JAZ FMVDM Z: A5 AR A FH H EE [ 2,
WA, XGCHL, 5% I AL TR EY)
F, ATElivision™ ik i Ak et $4HE Weidner 2
77 1E N E IR MVD.

it A0 SRHISPSS 20.045 i 4 H4 ab 3 K
T EZE R ER Imean+SD, KM RERALLK, 1151
VORI N E 4 (%), Ry A6 PR & [ A MR
FPearsonfl =3 H. P<0.05I\ NZEFE Gt F = .

2 BR

2.1 GCAL 5% EFMLCEUSAHK. MVDILE
GCAHZ ) IG s T W) Wil iy T 55 IR ALY, ZRA SR
THEETE SU(P<0.05); GCLHZ Ak W 1] BA S5 6 98 55 1F
WY, ERAGEE L P<0.05); GCHSHMVD
TS IR L, 2R G L (P<0.05)(K D).
2.2 GCH 5 xR 4 A VEGF. Ang-2/K-FHb& GCAH
[IVEGF. Ang-2B &= TX IR, 25549028 X
(P<0.05)(F2).

2.3 CEUSA#4 5 VEGF. Ang-2. MVD#R % GCAZH
ISR TR E /> ] SVEGF. Ang-2. MVDEIEM %@ =
0.85,7=0.81,r = 0.88, P<0.05); GCALL HIIEWENS ] 53 5
5VEGF. Ang-2. MVDEHAMHK(=-0.72,r=-0.73,r=
-0.86, P<0.05).

3 1118
GO A W2 A7 N AL B A A e, HR 2R
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R B LR BA A B A D A S UE i Bk
ISR 2278 FRY0, (RIS B A A )1 25 R
FEARM. R, 40 T RGCILE H ARG, FBT IR
HEIRTT TT 2, VT U TS

MVD& A S B Ui A IR A 1R85
BN FAT A AT SRR AR, AR A R, GCA
ZURMVDE & T 55 1 41 2R(P<0.05). BEHIGCHL
LN BA RERARM/NLE. BIAMV DA A2 Pl
o8 LA 3 A 1 AT (HEMV D3RS 5 B it
FAREGERIAFL LA JGAT S LA G B ST, W%
TR BA O, Bz E i FR B, e s e
98 o 30 IR AN A B A R A, M DA e e G of A B A 45, 7
SRR A2 B — e BRI GO B AR FE A, R
M7 A DR 7 B R S E Y. VEGF2&— b
R VR AR 0 SRR i A i R 1. — 7T
AL PN R A A . BB R, Mt
IR TRE SRS Ry 11 W 2 TG N1 | N = e G s Y
AL MR B J7 2 R AE R T Ang-2 B[ & —Fhgi &
PR R SR A A IR, FLAE MR A 2R i DL Rk
WA EHVEGF 2 — 8kl B R EM, WIS Ang-25
VEGFZ [HJ e AHE M FHEAE R, (ks s 26
J2 S R i A A i e DL SRR P PR T SR AR B
AU IR R KR BiE. BREYIMX, HS
MVDR IEAHRK. A4 RS, GCHIMVEGF. Ang-2
R = TR R 2(P<0.05). BEFHGCEFH IVEGF. Ang-2
S RIA R EKCERAS, BT GCL LA T HE A1
M B AR

Sono Vues&— M 1E & X Ik EAZ 5. &R S
PRI 5 LA A LS Jis N — iz AT, JREREE T IE )
GIATIX A, ABE NI SRR, 75 5 e m A 2 ml
N e R 1 1R 55 g Y 1) A 2
ARG R A, GO L3835 00 ] 5 5 T8 55 1R
HZ(P<0.05), TGCH LA U] 8] W 55T e 55 1R
HL(P<0.05). ULIHGCAHLR MALF:E, iz FCEUSHEA AL
S BRG CZH 2 I AL REVE R RAE. GCALZ P B AR AU 1
o, HERIEFHI R FIEZ, S8 a i [ N iRE
GCHL KR ERH 2, SEANGCHLI S AN 2 %,
GO LUt TR I K. GCHLL PN BT A= i & (1) 1 1
T IWLCA S FE R R B A4, HAEAE R E Bk i, 2
i 00 BEL 77 B, TS B IR, CEUSTA U ) 45 .

AW Feat Fork, GCHL R IE5R 58 7 3 5 VEGF.
Ang-2. MVDEIEM X = 0.85, r = 0.81, r = 0.88,
P<0.05), MGCHL IR IER 7] 73 5 5 VEGF. Ang-2.
MVDE FAAEE = -0.72, r = -0.73, r = -0.86, P<0.05). &
JNCEUSHEMS [8]42 [ BEGCALZA A I B AR AS . ASHEFE
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BRI PRSSIVEIMEN EIEReER T

R 1 BESESHSMUIEBELR

485 185858 E (dB) N ELNIEIN] MVD(£&/2001Z1RE5)
BEAR 021.32+5.22 017.43+3.92 069.08 + 8.69
BSERER 014.98+4.12 032.63+4.84 032.50 +6.99
HPIE 7.743/0.000 -19.817/0.000 26.640/0.000

MVD: HINEBE.

x 2 MENERRERKEFSMEERR-2KFELR

2851 VEGF (pg/ml) Ang-2 (pg/ml)

SeE 515.13 +89.03 2108.43 +383.01
IRH 60.42+10.17 179.46 £33.14
HPE 43.046/0.000 42.576/0.000

VEGF: MEMRAEKESF; Ang-2: MEENER-2.

|

filt, M4 e FFVEGE. Ang-2. MVD#E, GCAAH
() 07 A i 70 R, AR I A R |, CEUSIN 1
SER R FEE RO, TS VR ] R
iR 20 23 I A R AR R OB A G il L (R 2R

RS S [R) A, PR 2 4t A T A O HE AR A 3
BT HKERIEMAE M E RN 7. CUERF R E
VEGF. Ang-2{m3KA MG CHL R IR M 2 A 5
R, BB Gy R A A kIR R, 122868 A,
PEFERE W, TR B S A R BEAERT 7T ot
CEUSHEFZ P I s sm B . IR WG [A] 7 kA s Ak
Ji e L 2R R A AR R, B e 2H S R R RO, 440
DT AR B ER 2, TR PR M bk L LI T P
P, B RAREL TG R R R [R]. A AL SR 5 A
WA — 3. GCHICEUSHEE 2405 ik i 4 4=
FRARKF IR RIFAHSCHE, Al et | CEUSHET: 25
GCHIZNIBEE . RZBRES) . SBIEREE LA R TG
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B8] -S2 L DT R E. L3 (b2 s (A ] - 2k, a2 0 B 2] - s e R k.

VLS

gk FRTIA, CEUSHAMIE. o, THEEEMR A,
REZN A VPTG C MR, KIS H S5 VEGE.
Ang-2. MVDHIFM R AT, AR BEGCAH L MM
ARG, fe IR IEEGC I B ARSI LT B
BT

NEZR

TiEr=

ER R4S 15 J8 (gastric cancer, GO)FIMLE B AIRE, B
FIERSE VG 7 VAR TS .

K- FH 8 75 1% 5 (contrast-enhanced ultrasonography, CEUS)
MERGCHY MLFREERFAE, 2B Ho 5 L8 A= Fa bs 1) AH
KA, ABATR] A GC Y IS HT AR
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A0 10 SCHEFU I 2 H AR R GO LR HE RS
J L5 M8 H A Fa bR I AH G 45 R B /RCEUSHEE &
S ATGCHIMPREEARES, M S E G mamE ki
B 10) 5 L8 P 2 AR K K5 (vascular endothelial growth
factor, VEGF). IfL% 42 i 2 -2(Angiopoietin-2, Ang-2).
R4 55 % i (microvessel density, MVD)E A KU AH <,
AE 2 LS R GC A LB T A IR

a2

AR TIEFIHFRRH T CEUSE &4 HrGCH I
TREEAFAE. CEUSREZNZS /A H AR 2 A A L7
FETEAG L, R B LA 58 3 A2 e i A IR

KRR SCHEFIA RN T S50 H s, BHASE R RRGCH A
FIIESRGRE . MV Dy T8 55 15 421, ik 0 i )40
TEHIE R, GCHMVEGF. Ang-2f T X R4,
GCIY5msR > 5 5VEGF. Ang-2. MVDEIEAME,
MU E) 205 5 VEGFE. Ang-2. MVDE AR, A
T 5045 R i BICEUS REHERA VT AL GC I LI BEFRFAE, 7]
B2 R BLG CI M B AR, RENIRIR PG CILE Btk
RSP —FP L EIERT T B

JiEE B CEUS LR BEVE S 805 A8 3 A 48 hn B DI AH K.
ANy, CEUSHE %51l e i RS 5T, BEE B pr L
T PR LT R AIE, T EL e 25 00 S B e 4HL 21 17 I
EHAIRES. AW 78 FHCEUS & & /T GCAL S G
I MFRFAE, 74 He 5 0 AR Fa b AR S g, 2 T )
FEPAEGCAH LM ML B AIRAS. A Fudd S50 R 30,
GCIIg R RRE . IXIER A 5 VEGF. Ang-2. MVD
AT, TESE T CEUSREA RO GC I L5
HrARES. CEUSRE NG IRITALGC I E B A IR SR it —
L NP mollR-A Eyipr

BEE =

CEUSMLEGCHR KL, 1T 52 &1/ it AR i 52 1 1)
SELER. FRRME T T [ ACEUSAEGCHT R EA H
PRI FANE, T2 R 3 =4ECEUSHHAL GCIY
AR MR IRAS.
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