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LR, ARG, RS, TR, ELEC, KBNS, xE
GEMTHCER 1LBFEEFS, 2HOMEH =, 3 HEEEHEPIRELEH,
A. By R AR AR A, L S8 M 061000)

HE . BY HSHHFRLETHERFE (CVUS) ARFEASORIKEEESG (LDL-C) ol ki P
(IS) BHAHRRAARILBERIFEMA, T3k RIR2023 41 A—202441 A0 oo B RRIE 69 32241 1S
B, RIS, HAFEA (2666]) BRIETH (564)), WEMANERFTA. LDL-CHK-F.
MABRARE T ERE (IMT), i b DRt (VS), 4Pk R4k (VD). #3h3sdc (PD). rah¥s
¥ (RD) ], i % B & —% Logistic @R A AT Hra B 2047, F24 2RAET/HRE (ROC) WL, &R
FAELMLIDL-CKF . IMT. FNFIRPL. FNSIIRPIH & THTL, FASIRVS, BINFIRVD., F M3k
VS, FAPIKVD HAK TR % 4P <0.05); % B % — A% Logistic )2 5472 R 9, LDL-C AF& [OR=2.508
(95% CI: 1.675, 3.755) ]. IMT & [OAR=10.138 (95% CI: 3.680, 27.930) 1. # WK PI S [OAR:1O.940
(95% CI: 3.838, 31.179) ]. #AS3IKPI&H [OR=235.353 (95% CI: 38.153, 1451.426) | A 1S &4 % A3
PR MBI R Z; RANIRVS S [611:().877 (95% CI: 0.830, 0.926) ]. FAFKVD 5 [dR:
0.861 (95% CI: 0.808, 0.917) 1. #4L3hIkVS & [oh:0.879 (95% CI: 0.831, 0.928) |, FsrshIkVD & [dR:
0.828 (95% CI: 0.764, 0.897) 1 ¥41S BH X AFAHRAAEE MBI NEF R E (P<0.05); ROCHELERA
B, LDL-C. IMT. ZARFIIRVS, FRSIIKVD. FAZIIRPL. FINFIARVS, MR VD, FAIMSIBR PIIE AR 1E
XIS B F )RR AL B 05 BT AL %y, ARG 89.3% (95% CI: 0.781, 0.960), 45 FH % 88.0%
(95% CI: 0.834, 0.916), W& TF&EARA89.1% (95% CI: 0.845, 0.938), i CVUSAHILAELDL-CXTIS &
FH R IRALT M BE R EL A BT e RS B B
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Value of cervical vascular color Doppler ultrasound combined with
plasma low-density lipoprotein cholesterol for identifying carotid
plaque instability in patients with ischemic stroke*

Fan Yong-jian', Zuo Feng-tong”, Wang Xiao-yan’, Dong Ai-qin’, Wang Wen-hui’, Zhang Hai-liu*, Liu Hui*
(1. Ultrasound Medical Center, 2. Department of Cerebrovascular Diseases 111, 3. Department of
Neuroimmunology and Central Nervous System Infections 11, 4. Department of Epilepsy and
Sleep Disorders, Cangzhou Central Hospital, Cangzhou, Hebei 061000, China)

Abstract: Objective To evaluate the diagnostic value of cervical vascular color Doppler ultrasound (CVUS)
parameters combined with plasma low-density lipoprotein cholesterol (LDL-C) levels in assessing carotid plaque
instability in patients with ischaemic stroke (IS). Methods A total of 322 patients with IS admitted to Cangzhou
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Central Hospital between January 2023 and January 2024 were enrolled. Based on carotid plaque stability, they were
categorized into stable (n = 266) and unstable (n = 56) groups. Clinical characteristics, LDL-C levels, carotid intima-
media thickness (IMT), and hemodynamic parameters [systolic peak velocity (VS), end-diastolic velocity (VD),
pulsatility index (PI), resistance index (RI) ] were compared between groups. Multivariable logistic regression
analysis identified associated influencing factors, and receiver operating characteristic (ROC) curves were plotted.
Results The unstable group exhibited significantly higher LDL-C levels, greater IMT, and higher internal carotid
artery PI, and external carotid artery PI, but lower internal carotid artery VS, internal carotid artery VD, external
carotid artery VS, and external carotid artery VD compared to the stable group (P < 0.05). Multivariable logistic
regression analysis indicated that high LDL-C levels [OAR =2.508 (95% CI: 1.675, 3.755) ], great IMT [OAR =10.138
(95% CI: 3.680, 27.930) ], elevated internal carotid artery PI [OAR =10.940 (95% CI: 3.838, 31.179) ], and elevated
external carotid artery PI [OAR = 235.353 (95% CI: 38.153, 1451.426) ] were all risk factors for carotid plaque
instability in IS patients. High internal carotid artery VS [OAR =0.877 (95% CI: 0.830, 0.926) ], high internal carotid
artery VD [OAR = 0.861 (95% CI: 0.808, 0.917) ], high external carotid artery VS [OAR =0.879 (95% CI: 0.831,
0.928) ], and high external carotid artery VD [OAR = 0.828 (95% CI: 0.764, 0.897) ] were protective factors for
carotid plaque instability in IS patients (P < 0.05). ROC curve analysis indicated that the combination of LDL-C,
IMT, internal carotid artery VS, internal carotid artery VD, internal carotid artery PI, external carotid artery VS,
external artery VD, and external carotid artery PI demonstrated higher diagnostic efficacy for carotid plaque
instability in IS patients, with a sensitivity of 89.3% (95% CI: 0.781, 0.960), a specificity of 88.0% (95% CI: 0.834,
0.916), and an area under the curve of 89.1% (95% CI: 0.845, 0.938). Conclusion Combining CVUS parameters
with LDL-C demonstrates good clinical diagnostic value for identifying carotid plaque instability in patients with IS.

Keywords: ischemic stroke; carotid plaque; cervical vascular color Doppler ultrasound; plasma low-density
lipoprotein cholesterol
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fisi %= (ischemic stroke, 1S) FRUEALIH FE K 64.47/
1.1 —fEAR

10 J31MC 1S o5 T A7 1 A T R 1 60% ~ 80% , FL Il IR
KRR BN R AL 2 SR IRIR = 555 E
A B A GZ Bl D R A 5 R e RIS EER
BRI ) 2 290 50 Bk B 401 B P R AR R TR TR L Ak ki
FIE A, 5 B8l bk ke 28 B A vk P ZEY P, B
BPHS HE U 55 VA 25T ) Jhk e e RS e M L 0 T IS Y —
IR 2L D ) W K i 1T g B SR B AT
B S JH I A R €4 75 (cervical vascular color
Doppler ultrasound, CVUS) HA T4 ] 5 & P 4F
VRT3 A58 55 DL 3, © A i PRk 5T 3 JDkofs 722 19 1 328
AR ARG AL T 1k B BE A T T 52 B30 5 Jbk 1 I
JEBE BEHIE 25 K A5, s R 12 W £ At B WK
PEo i K % IR 2 F (low—density lipoprotein
cholesterol, LDL-C ) J2& % iz JH [& 5% i 3 224 4, HoK
S-S H T 5 B0k ok A A AR TR 1 UDAR OGO, 4R T
FI i FE R 5T CVUS B LDL-C A 1S H 35 #513)
ok B P B e M 0 BIF 5T bE BT BR L AR BIF 5 U 40 B
CVUS Z 3k & LDL-C X} IS & 3 2l ok AN A2 5 1 Bt
e ARG AN (B, DA O S8 3 TSR 9 1S Biia oK
IS ARSI ) B MBI T S B AR

VEHL 2023 4F 1 H—2024 4F 1 H e M i vhocs BE B
Wik g 322 ) 1S | . Ho, BE 1524, otk
170 {71, 4F 9% 39 ~ 72 %, - 34 (55.26 £ 4.62) % M 4l
B PKBEH RS E M, bR (266 61) S5
oedl (5641). ANBFIY 20 B bR F e L 25 0 & W
Bt E[No: 2022-055-02 (z) .
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S AR EFEEC (body mass index, BMI) . & FF 5%
CBEPRI . LT . IR IMAE . IRASrp) o WO s
PN R i i=g A Reay 3 1N 1| A = I 1
AN RS ARAR . RN M . AR I [
(total cholesterol, TC) . =% i 8 25 A AL [E 2 (high-
density lipoprotein cholesterol, HDL-C) . JEF{FHE@E]O
132 LDL-CAKF  ARE 4 KA 2 25 1 ik
Il 5 mL, JILA EDTA HUEESS 850, B 3 7 A7 T
-80 CUKA #5104 A 3 A= Ak 73 A AR i 5
LDL-C7KF-

133  CVUSHE AR KiE i LOGIQ E9 ¥ 4
A IZEAL (EE GE AW, T w2k FR 4R Sk
ML6-15 17 20 2l kB 75 4 A o 85 IO R, &
FHAARAT B8 o FLSG AL, S 340 1) 4G 2 035 2
e 29 450, LABA RN BUER 785 7% 5% . A BRSk 1Y
Ak AT W EA T, IR SRSk . oy
SCHER L SNl ik, DR A A A RE A I S (I
S 0 ik 9 B b )2 JRE B (intima—media thickness,
IMT) | L 2 B 4 3 0 {3 (systolic peak
velocity, VS) . &F 5K AR B 4 (end-diastolic velocity,
VD) . 14850 (pulsatility index, PI) . FH J1 15 %
(resistance index, RI) ]. 2 &4 % F & r0# 5 Bl
BE A S AT R B, A R R W e,
IR 3 4 BEAE VAL o A BRAE T RS S B
HEAL AR, LA AR 1

134 AspRksERAATHEA Y EdEE GEAT
9 LOGIQ E9 R (4 75 12 Wi ({32 Wi 1 8l Ik B 2 7
W ooy . OMRMISE R R ; @45 m A H

O R 2 U A e R F B i Bl
FEEA 7552 B A AL PEBE S s (@ [A] 75 5 55 S 14 Y 35t
5 PR IR B PR . B AR 1A R 5T BB L T BEBR
TR A BES N AR E MEBEH, B 5 [0 75 BB g A
o PR B
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H 4 43 B R FH SPSS 20.0 G 81 o T E T R
IR (%) R, R ADCK S ; %
B + AR 2 (xxs) R, WEMH KR
S R 2 3 B 22 [ R — i Logistic [ HBEAY ;2%
il 3Z 1 TAERRE  (receiver operating characteristic,
ROC) k. P<0.05 02 A5t L.
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21 MWAIRKEMEER

AT E A5 R ARSI B BE DR R
e L FEOE 5 L R I LA AR R Ll A R R
W 5 95 78 3l 57 A4 A BMIL 23 i i3 7K S B4k 1f.
AN 4 = N N (| PN 0 N N N1 G 1 =
A 40 EL L TC 7K HDL-C 7K 7 | H ik = R K
BN BTk RLL 8403l ik RT HLER , 8 X7/ R 5, 22
S TG L (P>0.05), ARaEd S5 EH
LDL-C /K°F . IMT. # N3k VS, BN 3k VD,
N ik P, 2641 30 ik VS L S41 3 ik VD | 35 2h 3 ik
PLILER, &t Ko B, 22 R A Geit 2% 5 L (P <0.05) ;
AR EH LDL-C /K. IMT., NSk PI. Fishsh
Ik P14y TAa 4L, SNBIIk VS, BN BIK VD,
FAHNEH K VS Ak VD R TRa e W 1,

®1 MARKFHLR

wIFpE Bil(%)

WA ] (%) AR AL 11 (%)

L P s maE mEaE W 2 p Zef o

AREH 56 32124 6(10.71) 8(14.29) 5(8.93) 10(17.86)  19(33.93)  37(66.07)  25(44.64)  31(55.36)

FaEdH 266 120/146  18(6.77) 19(7.14) 15(5.64)  29(10.90)  63(23.68) 203(76.32) 89(33.46)  177(66.54)

X/ 1 2.686 1.045 3.072 0.859 2.102 2.558 2.530

P 0.101 0.307 0.080 0.354 0.147 0.110 0.112

- BMI_/(kg/mZ, ﬁ;"@lﬂl%ﬁ/(mmoﬂ, #gﬂcm_ﬁﬁ H/(%, n‘uzjxﬁ%/( x 10°/L, %Eéﬁﬂi@/( x 10°/L, sﬁmﬁﬂi@/( x 10°/L,
X+s) X+s) X+s) X+s) X+s) X+s)

AEEH 24.63 +2.20 5.46 +0.96 5.69 +0.84 220.36 + 16.54 1.63+0.26 0.45 +0.06

FEd 24.03 +2.06 571+1.03 5.72+0.86 225.10 + 18.96 1.57+0.23 0.44 +0.06

X/ A 1.958 1.670 0.238 1.736 1.733 1.134

P1H 0.051 0.096 0.812 0.083 0.084 0.258
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ARaEH 7.12 +0.96 4.75 +0.62 1.42+0.32 1.32+0.26 3.41+0.81 1.38 £0.32 55.63 +5.86
faEdl 7.40 + 1.06 4.69 +0.58 1.35+0.30 1.26 +0.22 2.86+0.76 1.16 +£0.30 60.15 + 6.02
X’/ A 1.825 0.695 1.569 1.795 4.866 4.930 5.130
PiE 0.069 0.487 0.118 0.074 0.000 0.000 0.000
AFEA 28.63 +4.75 1.52+£0.32 0.69 +0.20 47.78 £5.20 27.63 £3.54 1.39+0.20 0.70 £ 0.19
FsELH 32.32+5.07 1.31+£0.29 0.75 £0.21 52.01+5.85 30.52 £4.01 1.21£0.18 0.68 +0.22
X’/ A 5.003 4.836 1.959 5.009 4.998 5.187 0.632
PAH 0.000 0.000 0.051 0.000 0.000 0.000 0.528

22 ISEERETIRAREERRNSERZ—
f% Logistic [@] 13447

PUIS B # Ssh kPR B (&=1, 2&=0)
A, DUR R R A b 25 A GE i U
LDL-C /K-F- . IMT., SN Sk VS, N )ik VD,
BN PL, 4Lk VS, SisMshIk VD . Hishsh
Kk PL (¥ Rsciifl) AR, H#ITZ2HE K
Logistic [1 543 #7, 2553 BIR - LDL—CZKEFT%[OAR:
2508 (95% CI: 1.675, 3.755) ]. IMT JE[OR =
10.138 (95% CI: 3.680, 27.930) ]. #iN Ik Pl
[OR = 10.940 (95% CI: 3.838, 31.179) ]. #i4hsh
Ik PLEF[OR = 235353 (95% CI: 38.153, 1451.426) |
o0 1S HB B R AR 3N Dk AN B2 E PR B fa I R
(P<0.05); HPMBIIKVSE[OR = 0.877 (95% CI:
0.830, 0.926) 1. i 9 1 Bk VD B[O R = 0.861

(95% CI: 0.808, 0.917) ]. Hish#hk VS B [OR =
0.879 (95% CI: 0.831, 0.928) . #i4hzh ik VD &
[OR = 0.828 (95% Cl: 0.764, 0.897) |39 1S ¥
KA KA E BRI R P R (P <0.05) .
W2,
2.3 LDL-C#ICVUS S#%t 1S BE MK AIRE
TR EIZ BT ME

ROC Hh &5 SR %W, LDL-C. IMT. /N 3hjk
VS, BANZINK VD, NSk PL. BSMEIIK VS, Sk
Sk VD . A1 sl bk PLIK A PEAG X 1S 3% 30 80 ikAS
R ME D B i 12 W oRE B L OB O 89.3%
(95% CI: 0.781, 0.960), %5 1% K 88.0% (95%
CI: 0.834, 0916), M4 T 1 (area under the
curve, AUC) 4 89.1% (95% CI: 0.845, 0.938). UL
FIMAE 1,

F2 ISEERETIRATREMBIRE £ E X —M Logistic B33 5%

LDL-C 0.919 0.206 19.919
IMT 2316 0.517 20.071
HNBIK VS -0.132 0.028 22.335
HABIK VD -0.150 0.032 21.512
HNBK PI 2.392 0.534 20.044
HIBIK VS -0.129 0.028 21.237
FHMEIIK VD -0.189 0.041 21.166
S Blfk L 5.461 0.928 34.610

0.000 2.508 1.675 3.755
0.000 10.138 3.680 27.930
0.000 0.877 0.830 0.926
0.000 0.861 0.808 0.917
0.000 10.940 3.838 31.179
0.000 0.879 0.831 0.928
0.000 0.828 0.764 0.897
0.000 235.353 38.153 1451.426
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#&3 LDL-CHICVUS Z#xf IS BEMBNKATAE EBELR YIS B 2 BE
b7 T T L L T L N g——_

TR R TR R TR R
LDL-C 3.15 mmol/L 66.1 0.522 0.782 62.4 0.563 0.682 68.5 0.607 0.763
IMT 1.27 mm 62.5 0.485 0.751 62.8 0.567 0.686 68.3 0.608 0.758
HABIK VS 57.89 em/s 60.7 0.468 0.735 65.4 0.594 0.711 69.4 0.617 0.772
HABIK VD 30.06 cm/s 67.9 0.540 0.797 65.0 0.590 0.708 69.9 0.623 0.775
NSk Pl 1.46 cm/s 50.0 0.363 0.637 70.7 0.648 0.761 68.1 0.600 0.762
HHLEK VS 49.9 cm/s 62.5 0.485 0.751 69.9 0.640 0.754 70.5 0.627 0.782
HEhEIK VD 29.08 cm/s 67.9 0.540 0.797 64.3 0.582 0.700 71.3 0.636 0.791
oMk PT 1.30 cm/s 69.6 0.559 0.812 46.6 0.405 0.528 75.9 0.687 0.832
ety 89.3 0.781 0.960 88.0 0.834 0.916 89.1 0.845 0.938

10 RN B E AR Y R W] 102 B 2R IS A PR

o FE RESI 17 42.16% , T A BF 52 P RS BESI 1 LA

X ARG, 7T 5 R AR PR b 2% S S IR RRE AN

4 06 64 5% . 28 2 10 % — it Logistic I8 I 50 B7 25 5 %

=N W], LDL-C oK - \IMT S0P 1k VS 504 3 ik VD 51

P 3 ik P12 50 30 ik VS S5k 3 ik VD | 35 4b 3 ik PT

0.2 1 S 1S S R HE BB KA Ba s 1t B HR A 5 i TR 3R T

00 | | | ‘ H R R AE T LDL-C /K- T w23 5 B 48 N B2 D g

00 02 04 06 08 10 A, AR T ARE S N A ARV 8, DA T I B ik ok

1S FERE AL UE AR o H R K LDL-C 25 5 UL AU I 45 RE

1 LDL-C#CVUS S#i2 i IS BE MNPk A T2 EM AR S VRV 0 BT A, S B BE R N I R R LB,

FRIIROC HE A BEMe R 5 L CVUS 280k, LI 90 4 250k

3 Wtip 5 LA BEL 3 98 K L7 9 0, 6 L 3 2

IS 2 B B DL A i A S A 1A BROR/BUR R
ik 33.4% ~ 33.8%" M M FE B, 8% ~ 20% 1S J2: 30
B Ik ok B B Ak BT B, 20 R AT S B L 4L, B
7 54 ki 2H 438 43 oA i O s DX I 2 R A
BB 43, R AL H o DX AT B v bR T R 2 L
vy, SN MR AR A K A e AR S SO A K AR AN T
SUIRC87 7 A7 (I S i e R R WA N | K= 7o 5 P
TLHETE, HAN M R A oe B, AR DI E A2 B, (H
KBRS i 3 v T T R 49 R DX i 2 2
PRI, B S8 o VP Ak 29 20 ok B A2 e ok, XF T IS 1Y
TR IR TT 7 W TT M 1S e A S AN

IMT J2& DAk 4> B 2l ik o 5 £ 1 o5 22 1) o 22 i
F17 . CVUS B85 75 M7 7 BE B 25 | 25 4 K [l 5 4
E, A Bl T % 58 He ke e PEAE RS o A T i 3R
LDL-C 1 3y Jik o5 FF 5 A0 A “ A% BR Bl PRV 2R 7, oK
5 3030 ik BE B 8 L R R KRR e T % U A

(14 B T X B e 7 A AL A TR 3R L 48 o e e 24 11
RS o VS 5 VD 928 £k 15 42 o e T i A 0 e 5 AT
SKRTBE L Y A U T B I S T IR T AR S R
I 378 % B e 1 it A 2 T A A TR 5 ) B B
FoE M o LA, IMIT 348 J52 02 2 Jok o5 A e Ak 1 B 42 3R
PR, TMIT 88 J55 35 B 20 ik o3 e A A0 A 38 7™ o, BB %
A ASERE BRI RE Mt B K BRI, R I IR TAE
N Y)OCTE LR AR bR, W R G LE A AL H3T
K UERVATT J7 %, LA/ 1S 58 3% 390 50 K OR Fa sE PE BE
ey & A KU1 Be Ah 28 ROC il 26 4 A R
LDL-C . IMT . %5 4 30 Jik VS . 85 4 36 bk VD . 851 4 36 ik
PL. #0140 2h ik VS 4k 3l ik VD | #5040 3l ik PLIEK & K
DT 1S £ 300 8y ok A e M TR e 1 2 W A5 BB B 15
DRI, BB A G 00 AT L2 B o 6 e 3 ) S e o PR B e
R HIIT AR IR T 7 S 4 HERE 2E AR AR AR Y
R, 5 AFRE PEBEHA G S 8L  LDL-C K
Vi IMT 345 PLIE 5 & VS VD &G, X — A5
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