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Abstract

Objective: The purpose of this study is to evaluate the value of ultrasound imaging features, includ-
ing plaque ulcer (PU), adjacent cavity black area (JBA) and standardized wall index (NWI), in pre-
dicting intra-plaque hemorrhage (IPH) in carotid atherosclerotic plaques, with high-resolution mag-
netic resonance angiography (HRMR-VWI) as the reference standard. Methods: 70 carotid plaques
in 56 patients were retrospectively analyzed. These patients were examined by conventional ultra-
sound, contrast-enhanced ultrasound (CEUS) and HRMR-VWI. The ultrasonic characteristics of plaque
were recorded, including the echo characteristics of plaque, PU, JBA, NWI and lumen stenosis. Lo-
gistic regression analysis and ROC curve analysis were used to evaluate the diagnostic and predic-
tive value of these characteristics for IPH. Results: PU, JBA and NWI were identified as independent
risk factors of IPH, and their odds ratios (OR) were 7.43 (95% CI: 2.15~25.67, P = 0.002), 4.90 (95%
CI: 1.42~16.92, P = 0.012) and respectively. Among the individual predictors, NWI showed the high-
est diagnostic performance (AUC: 0.78, 95% CI: 0.67~0.89). The combined diagnosis model of PU,
JBA and NWI significantly improved the performance, with AUC of 0.86 (95% CI: 0.77~0.95), sensi-
tivity of 81.82% and specificity of 78.38%. Conclusion: Ultrasound imaging features, especially PU,
JBA and NWI, are of great value in predicting IPH in carotid plaque. The combined analysis of these
indexes significantly improved the diagnostic accuracy. The results highlight the potential of ultra-
sound as a cost-effective and non-invasive tool in early identification of IPH and assessment of stroke
risk.
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MRS . ZH5 80N, IPH FIJERE T IPN FIREEY, SERA4MZBRERIN .. X —dRBRIEs A XS
PP A RERIBCT, 7 A M s A i L BB IR I A2 45, 3 — 20 5 R R S AT R A B T A, M
T8 B SR 2L ) AT B

T 0 SR B AR 1ML BE AR (HRMR-VWI) 2 R TPH (B AR N RS AR 22 7 vk . B iR i 41 %
I EAIRA, HRMR-VWI A T1 InAUsA% . MPRAGE. g FH) 56 (813 3 5 2 H R, BERSAE T1 N
B oS i B TPH =15 S HRE . [, HRMR-VWI 25 & 2 i A0 iR, R 37 I o 200 10025 e 435 4
MBEH > . Meta 2087 Ex, HRMR-VWI 21 IPH HIEURYE Ny 87%, 454K 92%, ROC HiZk
A 0.95, FHH BA S S WHERRE . RN, HRMR-VWI A3 (1 IPH 55 A Sk i fi 4 25 o 1ty JRU: (5
RN LG SIE 4.59), B AR AR TR0 ) B8 22 HE bR . ERLE, MIRIAMYREREAS I/ 12181 IPH, & r] H T
A JRURSE BRI PP A B AL VR TT T SR 58 [3] -

R AAE N CAP R —2FBL, Retig U Un 2 FPBEURRAE; Ban, 3 4E# A (2D-US) T DA
PP AN W 5e B, 456 1A G 5 (CEUS) AT HEF 2 Wi BEH 27 (PU) [4]. X TAE™ EAS LI BEER, &8
PR TSR BEH NIRRT 7, o ARl e S [ P R e [ AN RIS A . R LR, BRI, R
AR G AR BE . AL, R IR A S B R A A AEARAIC [ X (JBA), X A RETi7R IPH. LRNC Bi5#
P R AR T[S ] B G A(CEUSE A A A I E A 7, RE AIRIRIRMETE L CAP (5R. £
T S UESE, CEUS RIEMT R R IPN, FEARYEIE 45 RAEm A L AAE S5 T . 1hAk, CEUS BERE IS I 2) )
PEYORAS, X BT YRR 56 B 1 (112 s — o 75 S0 S BIURK, RS £ 2R 0 3k B R4 Tl Al s TE R 2 T
SR, IPH 2 — B AT A e s, 875 JCHAMELAAA RLX 4> TIPH 5 LRNC. F& T 200 ik P s ¢
ARG SURB AT,  H AT IPH (2 W7 32 2406 T HRMR-VWI HAK .

CAP WIRAEFIR R — NSNS NI, HIESFREZ AMFER R IR . AR FEEHK
JEIE R CAP HIFEF BAARRAE, TZizh Kk IPH (4746, Horp IPH DL HRMR-VWI K 45 A A 4 br
e AT, BERRTHE AR CAP VAl R AR AEL, 3k A v XU P 30 8 5 T3
2.

MENREHZ*

AWFFEEAE (/R EREZ) (2013 S8 IET, CIRSB/RZHihLE RS R RSt E S
2023-054). 1SHZE e bk T AR BB 2> BT A N R 2R .

2.1. HARMRKSHE

AW FONEIBERF 7, 9N T 2023 4 5 H & 2024 4 9 H HARLE SRR 22 By O B e 12252 0 — 4
75 (2D-US) i 75 & 52 CEUS) K 5 40 2 Rl a4 10 57 BE 1A% (HRMIR-V WIS £ 11 56 151 25180 ik Bt e 262
LT 70 DMIEIKBES OB . 78R % HRMR-VWI 25 SR (15T, 038 7 H 35050 ke B 1y i e e
E, BFEPEHLE A (PE). BEH ARG [ X (JBA) BEH KR (MPT) R KK E(MPL). BEER A B
A ML (IPN) BEHLBE(PU) B T3R8 28 (LSR) A BEHL A7 far $ A An HE AL T BE R EU(NWI) . A4 HRMR-VWI
G, B ERES N M m=33)FR BN 0=37). FK, 7 WARE NIRRT R . MAbRIE
BFE: IS AR FEE P, 2 VRE i E R IE kP, HREPUR KB >2.5mm; Fi# >
18 & H BRI A VFREAT CEUS K fy; BEHUSALIEH L < 50%; JoHE P i s 28 e (Ab] & 52 71175 3
Wi ) RS RE T HRS R S IR, HERRrEaFE: MG A i geEih e E il s e E
OIThREA A AR AE SO ESE . A6 b 45 SRR B A B IR ANRR 8 s IR UREO LI 2otk 8
TRIC A 7 (U TC V2 AR R (8] 52 AR AL BRAF AR P FLIE SRS ) s DA A E 3 5 710 478 S i sl R e ik i ¥ IR o I 2
SERGE RS FIEN I B
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2.2. WEGZX

22.1. BERE

AT T (A8 7512 Wi 3% A2 46 Philips EPIQ 7C. Mindray Resona 9 & Canon Aplio 1900, ¥Jfi# F4k
FEIR K, AR E N 4~15 MHz. RGBSR EI7 &I 26U XK, U 3ish ki T 2, oF
EBERRIIR/N ALE . BE ., BIAERA RIFHE SRR . 56 F B f5 61T CEUS .
5% F BORH Bracco A R4 1) SonoVue, f#H 5 ml 0.9%F A IAEBRRE:, 2/ IRG Sl 5
mg/ml [ A R . B IE S KES 2.0 ml & EF], BEEEN 5 ml0.9%F AT E .. 1
A RSO KBS EMR 120 B IR LA E 22504, CEUS FEH T#iEH L IPN, A6 PU, [FRS
44 2D-US PN, TR IS s B s RS SRR . I A 45 R i 4 B >5 F TAEA I8
FRMNEA S H e, A, B SRR B

2.2.2. SRR I E R KR HRMR-VWI)

{8 F SIEMENS 3.0T #ILHRATRA S 32 3038 Sk Sk 5 4 bl . S VRN, F99 V0 16 7 7 2006 B ikt
REA B, QAR ESNK D BPAAE L E TSRS T IR T2 IR B 25 B B -
B X BEH XI5, {1 T1 SPACE. T1 SPACE + C. 2D TSE T1 } T2 TSE FS JE 5T B I %A%, = A5
WTBEH N FBEE R o FAAR B FH 7 4 LA 10 45 DL R 2000 09 U R A DA, 45 1 &I BESR Py H 1L (TPH)
LFYEMR AL BR A% O S FERFAE, B 0, B Rk B .

2.3. #IEFRE

2.3.1. HRMR-VWI & IPH 832

4 BA>10 4 TAELLE U BRI A oAl . 85— WIRES R HAEm B, i
BRI IS —E . IPH £ HRMR-VWI il i 3Ry 5 ] [ A1 ZEE AR A% Co X 23 B S R A 0 22 57
TEMT X, 7E T1 U8 (0 TOF-MRA 8¢ MPRAGE 41 2 &5 5581, 159505 2/ A IE LA
HLRM) 1.5 FEECE &

2.3.2. BERRFENFIE

PEBRL[E] 75 (PE): 9 A [a0 A . 25 [a] B A (el 75 =2, K [0] 75 BEBR 3 35 [a] A5 T A I 46 [ 7 BB
e IE] P A S — 3 o [ BB P ] S A T B = T AMEZ . BEER AR BT RS X (JBA) [6]: 58 SUAZ
MG — A FE 5, BER YA EAE <25 MG ERIX Sk, PRIHR AT LB 3 AR AR A [ 75 X . E 7 44
BHA>5 F TARL L0 P RHE A S 58 O, 508 20 80 g R TE iie— 0 L o B K S FE(MPT)
L KK EE(MPL): 2 I TERE DI D) T & o B8 U TG B R /R B e KA ) AR ) S, T BT 1
ERET & MPT; HUITHERCE R BE A S, IR Sl & MPL. A 25758 480K B
1G5 FHREAT, DA IR RSO A B R M . BB Y 2R I (IPN): 383 CEUS H5E, M8 FIBTE >3 4>
WRIEs), MPFEAFER A M SRV IEH A M . BESEZ(PU): & OB [ £ 4L M8 i 24 511
T BCRFERR I 2 oK/, FLs B 5 I fs AR . ) A i S D) T AN AU TR — 4588 75 &2 CEUS
BIMEER 5 AR . B ZR(LSR): IKTE 2003 4E 136 UM 4F S35 ka7 8 A PG bR e 20 38
FERAE: BRAEF <50%, PSV <125cm/s; HEMZE: PRAEH 50%~69%, 125 cm/s <PSV <230 cm/s; H
JERAE : PRAEE T0%~99%, PSV >230 cm/s [7]. ArAEALE BEFREI(NWI): 785 Lk A ka2 rhadd H A
Besg RRE U &L, A6 R 20 T B2 8 A B KB B AR (S DA I THIA(S2), #% IR A NWI =
(S1 —82)/S1 5. M4k RGP IS SRR ANTE TR, A5 B 662 1 8 i A5 i Bh ) 8 i i TR (S2)
BT MBI EE M ORI R SA FEAT,  DASE v e Al ] S
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2.4. ZiHESW

{i Ff} SPSS 26.0 (SPSS Inc., Chicago, USAY B AF#EATSi 0 M« 1IEASTEASHE K Shapiro-Wilk £56, #F
HIER AT ETR IS + FREZE(X + SDYERR, PRI LR 56 . T30t RkR 2k
ITGHRA, SIHHERCR A R KRR ST R A G ER L EMNAZ R Logistic &8
L2087, DA ST k2B I fa G R &R . R A 2R E TAERHIE I ZE(ROC HI1ZE) 1Pl PU. JBA. SWI
JHBAER LS W T B . B Sevt 2 A 2R XU 56, A3 KR E A @ = 0.05.

3. &%
3.1. IGFRZERIELE:

IR AE A Eb e, TPH ZH(n=33)53F IPH 4 (n=37)#EME0 204 . BMI. B8R0 K i I I
) BB 7 T 25 S TE G 123 (P 5.3 5 1.000. 0.987. 0.958 A1 0.417). 4R, IPH HE& T3
E#4(69.09+£7.20 %) B E = TAE IPH 41(65.14+£8.26 %), R HEALH2E L (P=0.037). A4, @ik
[ FBP RAE TPH 2H(75.76%) % 3E TIPH 41.(54.05%) A Fr At =, (H 22 R Rk B Gt 2 5 PE(P = 0.059) (72 1)

Table 1. Comparison of clinical characteristics of IPH and Non-IPH groups

@ 1. HiMEAFNE M 4E B AEHEEL L

2 (n = 33) eI n = 37) It E P{H
PESI, n (%) 0.000 1.000
ik 30 (90.91) 34 (91.89)
LM 3 (9.09) 3(8.11)
ik, & 69.09 £ 7.20 65.14 £ 8.26 2.124 0.037
BMI, kg/m? 24.42+2.29 2443 +1.92 0.016 0.987
PEPRIR, n (%) 10 (30.30) 11 (29.73) 0.003 0.958
FLE, n (%) 25 (75.76) 20 (54.05) 3.579 0.059
mIAE, n (%) 21 (63.64) 20 (54.05) 0.660 0.417

3.2. BEMBFHELE

TEREFE L ARRHIE LB, M2 5 oKk M2 AE 2 M8 b EAEE RS 2 R AT R, Wi
{4 B B [ 75 3tk B AR (P < 0.001), X 5 2 HiF (R 78— 350, BB [m] 75 IG5 1 af P A DG Mk 5 o BRI %7 (PU)
T RSLE He I 20 Fp A R A SR 08 25 T T R R ILZHL(72.73% vs. 24.32%, P < 0.001), % B BEH L H B 24 v AL 2 IPH
M EERHIE . BEAh, AR X (TBA)TE H I 2H A R HY 2840 55 25 1 151 (69.70% vs. 32.43%, P = 0.002). 1E
BB AEFEEE T, I 2 A R e A () L) 2 TR L 4H.(36.36% vs. 18.92%, P = 0.022). FrifEfl
B EEFREL(NWI) B P R JE B (MPT) A H L 2H 35 5 2 5 TR HE I 4 (NWT: 0.84 + 0.08 vs. 0.73 £ 0.10, P
<0.001; MPT: 4.79 + 1.10 mm vs. 4.21 £ 0.63 mm, P =0.010). 4R, RKEH A HA M8 OPN)FIBES B kK
(MPL)TER A 22 F G5 2 (P> 0.05). FR&5REH, BEHEFK. PUL JIBA. & NWI K MPT
AR TN S5 0 ok B et 1 P S B R S RRAE (5 2).
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Table 2. Comparison of ultrasound characteristics of IPH and Non-IPH groups

5% 2. HmAFdEH MAFBRFEEL R

Hif 2l (n = 33) eI (n = 37) PIE P{H
PE, n (%) - <0.001
k= 27 (81.82) 15 (40.54)
ey 1 (3.03) 19 (51.35)
o e 5(15.15) 3(8.11)
PU, n (%) 16.400 <0.001
T 9 (27.27) 28 (75.68)
it 24 (72.73) 9(24.32)
IPN, n (%) 2.296 0.130
ToH R LA 26 (78.79) 23 (62.16)
EER [Nk 7(21.21) 14 (37.84)
JBA, n (%) 9.689 0.002
TR AR B 7 X 10 (30.30) 25 (67.57)
A RAG R X 23 (69.70) 12 (32.43)
LSR 7.667 0.022
BRI 8 (24.24) 21 (56.76)
Hp R e 13 (39.39) 9 (24.32)
H R 12 (36.36) 7 (18.92)
SWI 0.84 +0.08 0.73+0.10 4512 <0.001
MPT 479 +£1.10 421+0.63 2.663 0.010
MPL 24.12+8.59 23.39+9.37 0.338 0.737

3.3. EBERRIHEX IPH R0 37 5200 K T4 &

PR AE TR % D 3R 2, FRAT PR B R 2 0 b P< 0.1 (AR &, BB AR NS L i L% R [B] 75 (PE).
BEHLEZ(PU) WA [E 75 X (JBA) & 8 25 3R (LSR) . BLER B K 5 5 (MPT) S b A B BE SR AL (N W), —
[FZN N Z KI5 Logistic B8 AR . & IR, ERIE 7T HME SRS, (P> 0.05)F 5 P>
0.05) 5 Il PRAIFAE H AR R I N IPH ML G R 3 . AR e, BEPUHZ(PU) IR X (JBA) Kb
HEALE BEFR BU(INWI) 2 IPH KA ST fa G R 2 (L% 3). Hidr, PU 1) OR {2 7.43 (95% CI: 2.15~25.67,
P =0.002), $ERAFAETCE IBEEUR A TIPH XS 3 3G s JBA 1) OR {4 4.90 (95% CI: 1.42~16.92, P
=0.012), FKIABEHR P AAFEBRAR [B] 75 X2 2 38 00 IPH 1Rz NWI ) OR {E2N 2.55 (95% CI: 1.19~5.45, P
=0.016), XY NWI JH&E 5 IPH (R 4E B E K.

LW TIAME T T, ROC #HZR /st B e R, PU. JBA A1 NWI ik R AR (AUC) 7N 0.74
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(95% CI: 0.62~0.86)~ 0.69 (95% CI: 0.56~0.81)#1 0.78 (95% CI: 0.67~0.89), F:rf NWI HAlliZ W) AUC £
. RHEARERMTNERE . = FHBABEIR, AUC #—5iE 4 0.86 (95% CI: 0.77~0.95), R
FEN 81.82%, HFSEPEN 78.38%, WEHMT H—4RArIZWIERECE 3).

Table 3. Multivariate stepwise logistic regression analysis of bleeding risk factors and their predictive value

3. &% ZE R Logistic BBV BTN E

B SE P-value ROC Area (95% CI)  #Ki{H  BURIE(%) Frirth(%) LEIHEHK
PU 2.01 0.63 0.002 0.74 (0.62, 0.86) 0.50 72.72 75.68 0.48
JBA 1.59 0.63 0.012 0.69 (0.56, 0.81) 0.50 69.70 67.57 0.37
NWI* 0.94 0.39 0.016 0.78 (0.67, 0.89) 0.79 75.76 75.68 0.51
iy - - - 0.86 (0.77, 0.95) - 81.82 78.38 0.60

4. #ig

U CT Al MRI S8 B 40 IPH A 1 2 W5, HRMR-VWI #0A A2 4T E R A2 W7 IPH
M AER R 78], AR B 2R B0 PR 2 T [ B ot R85 AR P P A SR R 17 G V2 I
2T, AR ER AR, REEH R, SRR T, WM T8 T 47 3 A 1) i f 5
AW S M. RV NI KB CAPYRE 2 (1 5 FH — 28 F B [9], HLAETUM IPH J5 TRV /1 i
RAFBNAR SRR . AR IO YIRNIRDT 788 75 SRR TN 2903 Bk Bk P4 H 1L 1 e

WS CAIESE[10], HRMR-VWI A 2] IPH 2, W ok A R KK m, AT I IPH 5K
AR YA, FHH KRR IPH AT LA RFR B2 58 . 280 # I, IPH 2 T3 IPN
IR, SEOAMBIRBIBEEAN, 1024 IPN SRR, A ISR NS N EEIEAREER IPN. A6
FErp H I ZEAR A TR i A BB R B S (P = 0.010), BB BB FERE BN ™ (P = 0.022), it LEKH
PN F A MERZE S, Alre, R FE KM &6 B2 M AN, ANuFFRE R
HMZEL ) IPN A R IR 2 s T AR 4P = 0.13), HEHUE EHEMR. X FiX—M%, WAL H—Fb
ATAEMIRN : TPH R ZEVRT IPN ROBERE, RRAE O k2R H I g BEbk A, 3580037 2 1 A8 AT g L
%€, T8 CEUS TiEBR K. AT, XAUAGE—FRHENE A ARRE,  H BT s = B3 00 5245 2% B0 B 240F
P CFF. IEW— SR SR Y, IPN TERS . AR RE L AR S E OV EE[11]. RRIIHF
NNEL 7T A UL 4% (Superb Microvascular Imaging, SMI)25 58 S0 3E [ A d R, Bl 5 2H 24U B 27 45
RRATRIEE BT, URAIRFL IPH 5 IPN Z G R ENASHEE X R IPH KA, PP AR e,
RRRIEOR, RN NWI BT E . NWIE B A VS s s (275 N Fa b, O FE CT Al MRI B
FAIEYE IPH RRET . AP0, AR NWI [FEfS IPH S, JFHZ& IPH 1
HEMSI TR R B, K NWIGINE A PR R, rTREA Bh TH&m IPH MR 2 2. 1PH 1)
ARG R T PEHARFR S BEH ffer,  [FIBS BEHR N S /K B30, ek [l A g, JU R BN AS R i
WA RIS X (JBA). AW TR, BEHRE A BRI Y il 2ok, ELRRAIG [5175 X (JBA)ZE H 20 (1 s
R B FEE TR EMALP=0.002), H OREH AN 4.90, —FILFEIR/REEHAN IPH 77745, JBA 1E4T 5 W B b
H LRNC 8(# IPH, ABFFRKI, ARFIRSAZ O TE 2 MR IR K JBA, 1 IPH 5 2RI NA I
MECH A FAER) IBA, (HIRTREAFERE N, A1 MO 7 H et 58, R RAT) 5 ZE R 1A
AT ERATAEE . BT (PUYVE NN IPH FISHSAE, 76 A 7T AR i B 2 B ) fE 6 TR 3%
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Z—, EWMEZHT CT KN —5. TPH &4 S ST AR 78 46 i ) p VI K, B 6 fap 16
I, b B H SR LR EIE N UGREE , 5 SR A A, IR T RE S R MM F . AHE TR I
PU FE RIS, JCHEZIT QA H, AR FRATWEE] IPN 5 2 W T3PS, #8728 PU 1%
F AT B BRI BN 70 2% B ) Je IPN BRI RIVE T A, BRI, IR RTE H 5 A o RERe 50l DG BRI 8
MG, KIFIRE] PU DARRARSCR: . OB EM S, AW 70E 2 iatrBiaehr, S8 7
IPH )RR . BeA AL AUC 55 0.86 (REET 81.82%, HE5HE 78.38%), DHMTH—1F
PRIZIfE 77 XK, PU. JBA A NWI Z (B /A AETAE AR EAEF , L RI4E A BB 0 AR e M A H i it
Ml XF YRR 2 SRV ORI ARG T TR T T RE .

SR, AWFFRMAAE— R &5, TR O8O RIS, FEAREMNTERN, W]
BET &5 SR )0 P de R — e e . LR, RV RS R R N B BRARRUE 7 T LA T ) U R S A, R
o6 IPH I E BB KA AR, TS5 MRI S HABAGBARBAME A, DU — D5 mis Wi i .

5. &g
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