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Abstract

Objective: The study aims to explore the diagnostic efficiency of superb microvascular imaging
(SMI) and contrast-enhanced ultrasound (CEUS), as well as their combined application, in assess-
ing neovascularization and vulnerability of carotid artery plaques. Methods: Selecting 24 patients
who underwent carotid endarterectomy (CEA) at the Neurology Department of Xinjiang Medical
University First Affiliated Hospital Changji Branch from August 2021 to January 2024. SMI and
CEUS examinations were performed before surgery, and the results were compared with histopa-
thological findings to evaluate the diagnostic efficacy of SMI combined with CEUS in identifying
neovascularization and vulnerability within carotid artery plaques. Results: A total of 22 complete
carotid artery plaques were obtained, of which 17 were classified as vulnerable plaques and 4 as
stable plaques based on histopathological evaluation. The sensitivity, specificity, and accuracy of
CEUS in diagnosing plaque vulnerability were 94.1%, 60%, and 86.3%, respectively. For SMI, the
corresponding values were 82.4%, 80%, and 81.8%. When combined, the sensitivity, specificity,
and accuracy were 94.1%, 80%, and 90.9%, respectively. The area under the receiver operating
characteristic (ROC) curve for CEUS, SMI, and the combination of CEUS and SMI were 0.771, 0.812,
and 0.871, respectively. The diagnostic efficacy of CEUS combined with SMI was significantly higher
than that of using CEUS or SMI alone, with statistical significance (P < 0.05). Conclusion: The com-
bined use of CEUS and SMI significantly improves the diagnostic efficacy in assessing the vulnera-
bility of carotid artery plaques, providing a more reliable evaluation and demonstrating signifi-
cant clinical value.
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1. 518

SR L A P A R A ) R DR 2 — R SN R R A 5 45 BT R[] o Sk R AR Ak Bk
A 1M 4 (intraplaque neovascularization, IPN) I BAEAIE A fEBEE K 30 Pt SR B R, 2 S8 H i )
FEEEK2]. FG, WSS KA RE B A B A A A R I R B VA B R . G
5% (contrast-enhanced ultrasound, CEUS)BEfS SN 225 i/ Sz ik BE R A 0 0 A - L, AT 5E Bt g BT
MrBEs N R AE A [3]. H CEUS J& T H AR &, (A7 —EMAARIE, XHtRHI T CEUS i HvER .
Rl R 1% H K (superb microvascular imaging, SMI) & —Fh 3% T 45k Sy i B BEE A5 A HoR, T BUR B
RMBFCEMARE S, A S iP IPN FIFERR[4]. SR10, 5 CEUS FIZLZISAAHEL, SMI Pl 3iish kB
R AE I B2 W R RE M B = S 2 IR RS AE . (R, ASHFZT B 7@ SMI BCS CEUS 114 3015h ik BTtk
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W IPN, FEHSUEEE B, Rt SMI. CEUS K — 3 B4 G 3 ke S 4 1k P4 808
2. BERERE
2.1. fARTIR

EHL 2021 4 8 F % 2024 4 1 LR BRI RN 558 — M B R Bt B 35 43 Wi i e b2 52 25031 ik 1A e 1 e
A(carotid endarterectomy, CEA)J&E . FARENAEAMAEREE > TO%ICAEIREATREAR K 2550 bk 585 45 hef
o BRAE Bttt ot AP v PR 32 i SR L R AR IR A 7 SO SR I BB KR AR RE AL [5] o FERRARIE: BEHR
PR A AN ) HAS AL Bl AL R 2, UM Sa ik o p 5 SO s 45 s A RO A s P B A5
FEEIRGY: ARG I AT DR REAG S AN BRI S TR s X RS AR O T B
M. ARTFFEIENGL 24 Z g, HAEREREE 20 N, TCREREE 4 N RUF AR ERER R
—MHBEE BT B Ay BACERZE stk BT R IR A R .

22. UE{EFHZ*

221 (FEEBH

f# ] Philips Epiq 7 B2 58 121, EL18-4 ZEREPRL, AR 4~18 MHz; L&A LIS B e
R I B IhBE(CEUS) M UL S BoAR (SMI). CEUS Z%: MLtk 0.79, WiikZ 10~15 fps, Zh&E
il 50~60 dB. SMI Z%: HLWTE%r 0.7, WiidR 25~30 fps, #HEVUM 1.0~1.5 cm/s, B2 55~65 dB.

222. BRGHBRFESEYBERE

AR e ST L6 8 7 1) T SR AR DT I AT Se e A [6] o AR BUMBMGE, Sk X 78
O B GRS, WY SV IS TE ST, WA R E . B Kb, [l
R e BRI A1 S AR

2.2.3. CEUS ®EHZ*

BHEBE MG R R PG TG B30 CEUS 8, AU IR /REE, TR a5
BEBR SR T . 385 577035 B 75 % 4E (Sonovue, Bracco A, BOKF), i 0.9%C B AL ARSI 5 mL
FEANNBACTRGR T, F8 50 BGR S, 20 IErRE K EE 1.2 ml & 2575 L RIVEN 5 mL A2 # R K
M. JTFARTERENT R BT 4%, BRSk e T S AT B ST S A M EE H AR BEER PG R A i o, A7 3)
SR WR4E B AR N RO SRS LS T 0 2. CEUS ¥ SHAruE[7]: BEHAN ISR 0 45 A
ARIGIRVE 1 5 2 RUIREL 1~2 KPRV 2 0 RTARZRRIY 38, BT R BT ¥ BEE0F 3 49 OF
53 2~3 SR AR E PR

2.2.4. SMI &%

a3l SMI A BEHGAT A, & 2 A M8 25 IR FEAE H bR BEHE I R, R E A2 U2
P B BKBEER A 2R A SCHR I 5 [m] 75 X3, 56 B S X & /D S %% 1 min, fEfE S EIME, R &S
AT % SMI VS hRHE[8]: BEH N JC AT WL IRAE 5 V% 0 2 JRBR T BB (1) J8 S0 A/ Es s [X dak fr v
FE MR S VF L s BEERN T Z 0 A (RS 50 2 e 1~2 R AT e Bk,

Fir A s G R e AT P 42 B 5 R DL I A 2 W 2 36 (0 S R TS AT A, YA I I
X R AN .

225, BERHLBELRFHRE
CEA RJE X} HFrBEHGIEAT KR M EE K HE Jetty, SE& AR BRI IPE PE R e v . Bm B As AR
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[91f753%: CD31 BHYEARAEIIINLE A B 401 SRR L BibR 3 (e th, WAL ks AR (IR SR AN A B2 2 B Y
PEAMBEAE N LA T A, B ESHAARE, HrSeaf i th it RO 1 26 .

23. GWERZE

KH SPSS 25.0 it B At A7 B b . 1T R TERI A R EZE (x £5) Ko, KA tRL; 0%
BB (n) R )F R, K AR, G970 R LR R . P < 0.05 N2 54 G5 L.

3. &R
3.1. fRIBGER

BT 24 2 BET I KN ERIBA, SFASBGRRE 22 M, 5347 2 MR 4™ B Ak
Bro SiaARPRIK HE JetoF g s 17 0, FeE B 5 40, HE et )m B4 B Py ] WL A= 1l
TR KRR NN SRS SR AR [ R 4t e, WLIA] 1o

Figure 1. Atherosclerosis of the carotid artery on Hematoxylin and Eosin stain (200x). (a) Intraplaque neovascularization
within the plaque (indicated by black arrows); (b) Abundant accumulation of foam cells (indicated by blue arrows) and cho-
lesterol crystals (indicated by green arrows) within the plaque

1. SEHBKISHEREIL HE S (200 £5). (a) BHRAFTEME (BEELIIR); (b) BHRAKXERRALMIBREE
BETKETR) B s R BB E B 45 &R (R B BT Sk FTR)

3.2. CEUS, SMI K CEUS BX& SMI 3 BER S MBI M3 sk

PL CEA A J5 BUS I BEH 2 212446 A N & brif, CEUS. SMI K CEUS B4 SMI 12 1B 25 50 ik B e 5 451
PEME R WA 1. CEUS 5 SMI 2 Wrsiah ik e 45V 1) R K5 7 B2 A HERA 2250 301l 9 94.1%. 60%.
86.3%F1 82.4%. 80%. 81.8%. CEUS Bt& SMI 2 Wizl ik Bt e 5y 45 1 1) R AR . 5 7 P55 A HEAf %640 il
79 94.1%. 80%- 90.9%. CEUS Bk& SMI X} 2z ik B Hk ) I L 2 i se 32 v T 5 s CEUS 84 SMIL,
ZERH G E (P <0.05), W2,

M4 DL B 2241 52 1% % LA BR1E #h Z& (receiver operator characteristic curve, ROC), CEUS. SMI &
CEUS 4 SMI 2 5 3 B B i) ROC #h4e #3724 0.771, 0.812 #10.871, ZRAFIFE NP <
0.05), H.H1 CEUS K SMI 2 Wi R 84T, CEUS B&r SMI 2 Wi Bt e &) B 0K s £, AT 508 A CEUS
MSMI, WLIE 2,

3.3. CEUS 5 sMI #islr—3
I kappa AT T, 7EPVHZ S5 oM EhriERT, CEUS F SMI L2 Wi 3 ik Br itk 7 i v if B
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Table 1. Histological comparison results of CEUS. SMI and combined CEUS with SMI in diagonsing vulnerability of ca-
rotid artery plaques (Unit: piece)
& 1. CEUS. SMI K CEUS BEX& SMI 2B Sah Bk R 53 I RO LB AR F R REER (B 1)

o . I T 4 L .
W% e ‘ \ s
VRN RN FaE B
Yk e 16 2 18
CEUS FaE pr b 1 3 4
it 17 5 22
BB o 14 1 15
SMI FaE PR 3 4 7
&it 17 5 22
RN 16 1 17
CEUS + SMI FeE B 1 4 5
it 17 5 22
Lo ROC £ 1o ROCHh £ Lo ROCHI £
0.81 0.8 0.8
0.6 0.6 0.6
# # &
# B B
0.4 0.4 0.4
0.24 0.2 0.2
0.0 : T : : 0.0 : T T : 0.0 T : 1 T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
CEUS SMI CEUS+SMI

Figure 2. ROC curves for the diagnosis of vulnerable plaques using CEUS, SMI, and combined CEUS-SMI methods
[ 2. CEUS. SMI & CEUS Bt & SMI i i 5 #RBE Rk #0 ROC #hizk

Table 2. Comparison of the diagnostic efficacy of CEUS. SMI and the combination of CEUS and SMI in assessing the
vulnerability of carotid artery plaques
% 2. CEUS. SMI & CEUS Bt& SMI IS Bk BE SR 55 1 RO S RE L 45

Ji: REEI% Fe 5 1% AL 1% 2B a4 AUC P
SMI 94.1 60 86.3 0.541 0.771 <0.05
CEUS 82.4 80 81.8 0.624 0.812 <0.05
CEUS + SMI 94.1 80 90.9 0.741 0.871 <0.05

B ) — B (e = 0.645, P < 0.01). Z2HZV A EUNA HHMERIREIE CEUS J SMI K, K& 7> Ik
B PR AL S MRS S, W 3. (EARERIEA 3 Bt CEUS 2 Z b, 1 sSMI I
RAELH B B 1 A 5
4. +ig

AWHFLRN A CEUS. SMI K CEUS BkE SMI AN S ik BEH oA A2 I8 & B G 4 ik, 9F 48 CEA R
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Figure 3. Ultrasonographic images of carotid artery plaque. (a) Conventional ultrasound; (b) Contrast-enhanced ultrasound
(CEUS) showing prominent neovascularization within the plaque (indicated by white arrows); (c) Superb microvascular im-
aging (SMI) revealing significant neovascularization within the plaque (indicated by white arrows)

[E 3. BIHAPERIBERERR. () BHBE; (b) CEUS RIERAERHEAREFTE ME (B &EFLFRR); (¢) SMI R
BERAERHE A MFTE ME (B BB LFR)

S BUAS I BEBRAR A BEAT A ZUE I8 UE . W S0 8 7R SMI 5 CEUS 7E VR4 BEBR ) 5 351 1k e LA S5 4 fy — 30k
SMI XF S ik BE B 5 453 M )12 W 2 e 3R AT T 4 24 5K

TEARWE AR ERATIEES], 5 SMI AHEL, CEUS AT ARSI EITE 2 B AR A, JEIR B/ > =8
A o X T RE DRy SMI MG TE LIt PRI A E — 52 B BRI, A SMI HR 2SR UL, R 4 s
> 0.4 cm/s B A 0] LAt SMI S 54, {2 CEUS /EA— AN it RAREAR, TE I P i8I AR S5 mT LA
CEUS S R AN SZ U B R, PRt CEUS X T IR ML I )t B8 B 4 PRI A 2.7k [10] . FEMIT 78 AT T3k
MELFIE M2 BB A CEUS A1 SMI RS, 8 X120 5 i & S IRATR BLZ B H N A K &
FALTERG, S2m T 3ATK CEUS K SMI [T, 1t 158 I 4 BE Py 30 A7 78 K A5 4 1T 5 BB B i /R ot i
AVERF, CEUS Hl SMI XFBEH N 3 18 AR A BoROR 2, rTRE2 SEUH SR IIRA,,  RI7E I AR R B0
DI R .

AWFER, SMI TEVEAL 302N ik BE B Z) 451 M B 7 AN [F) W 82 35 8] B AN R A TR) 38 B A R A (Y B 2 1
[11]c ZFARAN T BT HIEF, vTUAZ YN, 2 M EESEE IR EHE, X0 KSR A # e e
AT ATMBOMY, FHEHEMESE B R HERH, SMI ] LA I AR 7 2 A U5 208 kA Fe e
BEBR I — ol (] BT AT RS B it R R T DUIE Ik R SMI O S8l ik BB gk AT o 2, AT 3RS
KT B KBS 5y B I T 22 A5 B LR IR PR EE A, I A5 Wil RO S5 38 1 )5 SR B IR 9T o (AR
MGk 2 B AR, X AR AR B T 17 2 —[12].

TERATB LR, CEUS BE SMIZWiBEE 5y 4 e i, 7ERRUBREE  RE R HERf % . L08R %0R ROC
ith 4 T AR ZHOT H AR T CEUS A SMI ISR o X 1 B CEUS HiT SMI ZE12 W Bt He 7 45 14 ) A7 R
e, DRl = 554 m] BE AT AT SE BB K2 Wi B itk . SMI AT 22 £ FE 22 D) T 1) RIS WL ZE 2Bl ik Bk,
XA U AR AR VG R BB 4TI, CEUS  EROR 75 22 W] 5 ) DU 2 3R B py 8 e 7 000, (I %o Kk L 7 e B
fEon, ILAE CEUS BBt SMI fff e BB o 37 A= i SR AR SR Ao sl 8 e AR A A il smT gk — 20 4
TR VPN BB K BB 2 B 12 W RLRE .

5. &g

CEUS Bt SMI 2 Wiz Bk BEbk 7 Ve rT L5 AN, BT RSE s Widline, vl RS 4t 3 nl SE 3k
PG ARVEVEAT, 18 T IR RSB AR 15 S8 B AT, BT ELEHE N AR

E&WmE

FE4E T R VA X HAREBF R R SN R R 4. THH 2R BT SR E4 8 7 38 S 1A 3 5 ik
PRy B A I MG RS, TTH %S : 2021D01F58.
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