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Abstract

Symptomatic carotid artery stenosis is an important cause of ischemic stroke, and carotid artery
stenting (CAS) is a key means of revascularization. However, complications such as stroke, myocar-
dial infarction and long-term in-stent restenosis within 30 days after surgery still seriously affect
the prognosis of patients. Identifying high-risk groups and elucidating the mechanism of restenosis
are the keys to optimizing clinical decision-making and improving long-term outcomes. This article
systematically reviews the clinical risk factors of complications after CAS and the molecular mech-
anism of proteomics of vascular restenosis in the context of metabolic syndrome, and explores the
intrinsic relationship between the two. Clinical studies have shown that in addition to traditional
risk factors such as age and hypertension, anatomical features such as aortic arch morphology and
variation, internal carotid artery tortuosity index, and common carotid artery opening lesions play
an independent role in surgical risks. Complex anatomical structures can increase the difficulty of
operation and induce vascular injury and hemodynamic disorders. Proteomics studies have re-
vealed that significant molecular remodeling of vascular wall occurs in the environment of meta-
bolic syndrome, mainly involving extracellular matrix remodeling, inflammatory immune response,
oxidative stress and cytoskeleton regulation. These events jointly drive the proliferation and mi-
gration of vascular smooth muscle cells and intimal hyperplasia. Further analysis shows that clini-
cal risk factors can initiate or aggravate the above molecular events by changing the local mechan-
ical microenvironment or amplifying the damage response, thus forming the pathological basis of
the ‘anatomical-molecular’ cascade. This article aims to integrate the research progress of clinical
phenotypes and molecular mechanisms, provide a theoretical basis for in-depth understanding of
the occurrence and development of restenosis, and provide a new perspective for optimizing risk
assessment and intervention strategies.
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FIURESE DL R 32 31 52 50 P P 7 S5 ARE » 7™ S 2095 A8 A R AR 2 [31-[ 5] PRI, RS HE Rl e e B
RNFRFAIESOME A ENL,  BOAMAGTR YT SRS A T 0 ) T P S B

R 2 RAE TG0 MEGRE R, WER. miflk. BN, SIRMES, KSR FEd K
JRE i IS S5 AR T RE, BN AR RURE[6]-[81. ARTT, BEE AR AHORAI PR A, AN g 30 22
AEFEF AR PP EE M H s . Eshhk 5B 525, MAEHMER. WEMEERISH, |
PRE I S A XE S R B < STHRING B F S DL R I BE ) SRy BN A3 A1, TS AR 5 I RCRE ) R A
EYIMORO1-[11]. RGPS IR LT A faR N R, B EAG AT AR AT 72 = -

UL, R R AN O %, AR I PR e PR 3 X DL 4 T AR L BEAC T . AR5
FriE(metabolic syndrome, MetS) {1 Jy 2 il L8 5 6 DR 32 R SRAEIRAS s COARAE S vl nsde 2 ok ok 1 A AL 2 2
FFAEREA ARG FEPRAE [12] AR R ELIAET T, M5 BE /AR A2 — R8T 34, ARG At i E 2
RAEGIE BLE BT A LR T e P T LA I R e 455 13 ] SRR T2 HOR A RS, N RGNk
BRI T A LR AR AL 7o AT I T, A IR KT B AR A 14 23T LR Y T RE

ERERENE, WRGR RS PO Z m AR AN Wi g T 323k 5 28 7 55 5 0
Fl A e S A SR AR ML SN S, R AR S AN E AR S, TR BB RE 7 Tl [ 14]
[15]; MFEHE KPS E 22, WM TR 1028 1 e B M A A et W88 1 L 4ERait e Btk
A S5 B4 05 1) N AERE F1[16] W] 38 Z IR A FE ST, A B TRV N “ IR ARR AL 31 7 127
58 BENFIHEZ . A SCE 1E RGLRBARVE SIS AR IRAE (e CAS ARJF I AAE H I PR S [ A 3% (R 70 2
PR 2R E) S AR SR A BT BT FRBRE AR B SV A 2 UL, IR R I R A 3R 5 23 7 F A Z 1A v
FERZR, DA IR N B A P40 (¥ R A R R SR AL AR AR, 5 D 110 Al BB AR 93 DUy 1 £38 01— T30 5 s 42 11t
W .

2. CAS REHZENIGKERERFARER

AR IR ENAR(CAS) A5 I AR I A2 2 N F L FIAE T 0 45 58 - S0 70 2 R A A% e i
faliE R, MUTHEREE RS BRI, MR AR T AR RS PR E I H 28 2 2 EAL. &
GERBI A X LB R, T ARATS 73R T ARSI ] DR a8 PR 2R R E .

2.1. FREANOFFESSHIE

TEMZE N CEAFIE S, R R ONIRN HAFR AR ER R R —. BEEFERIEEK, meE
BE R A — RABAT VUSRS : S 8 1 B AR R SR S B 0 5 B IS B (1715 P B2 AEL 4 5 ik 2>
THEEVRIR , [ N AR REIURTS[18]; BhKORARREAL Ffr N, BEHR GG IN[19]. X EARfAE 1S 2 4E
HBEAE CAS R 5 [N SR R BT HUR E . I 258 Ae T . 22 TR TR BEATL X R R 36 R 25 5 4y
HTUESE, ERSZ BN AR(CAS) W EF T, @il E70 £)5ARIGE 30 RN ZEH LIET: KR &3 T
#H2<. f5lln, Carotid Stenting Trialists Collaboration (CSTC) /M B # HE XM B, 70 % UL L&
FH 30 RAF/BET R 12%, @%T 70 & LT B #(<6%) [20].

L BB BRI S Lo A e IR L 5 5 HRRE [RIREAE R S5 I RRE Fh H e B 2 Ay . v L R KA
T RE, S EUAE B RN B T RERRAS[2 1] [22]5 H PR o4 i I g RS S0 28 P2 M) (AGEs) B 2R L Ak B
SRS RIS KR AL e RR IR ] R AB R B [23] [24] O A A IE 4 By 1t Sl Ik o A Al
b, o i I A R [R5 T (25 ] (EAE RN, XA IR AN R A, TR e & 4E, Hoxd
M5 R 48 04535 B P R TSOR RS . AR, B AR R I A 235 DR 3 dE AT AR T, JFC A0 P AR S AT
BAE, PR AT BEAFLE AR AR IR ST S e R 3
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2.2. BEFEKER

FR S REERT CAS T A BE AN R KU RIS A, I AR B2 . Bk 5 Ml A4S B
M CAS RpGee, Sl 5 L& MR [26]. RIEIEASIIK. 7230k & A 80E N ahiks 350
ik 5 TS RARX AL B &R, EBIK S 408 1L 1L 1T 8. 10 2 =3k 5 DR S shlioT DA Bk, S8
SR R N BARINE, WEERIIN THREMERE . RIS, RENRERES S5
MR . AT BEH L BT R, AT H s AR A 28 FE ACRE [P XU [10] [27] [28]. Faggioli &
71T RN, FEBhk 5 FH A CAS RIGME R G I RE R INZ) 2 £5(OR =2.01, P =0.026), 2
N I B EFK S K HE S FAR SRR CAS RJE 25 K TIA [T G R &K .

IR R S 5 — SRR AR B 8. BB (CCA) M Sk (ICA) I AEAT I AR 58 4 P B, )
M55 AT R S BUAR G H ARE IR T i o BFF FE2 B, 35N 3 G il 7E A AR HRa] B8 S BN UARR 71 70 A A3,
SR Mt B R BRGS0 ERAE BSOS [A] o SR PR R M — 2D 5 R LA P R 454 KU
T, REBAREEPRAERET .

WA B SRR FIRER I TR TS . FURSHAKIT AR AR R SEE Ak 5, seilimit iz e K LHE
RS X, E TGS 2SI R SR A R S )8, X R RER EUR A ARG AR AT B R
AL AR T = 0 SR R [27] o R — IUE A7 A 22 A8 B = A B R B A, A 4 %2, e B K FRES
). 2 s X R A SR, e DRI BRI . teAh, BomE . &SRR R IR
A (LRNC) BEHLP ML (IPH)FILF4EIR ALY, S350 T BEE A AR e e o IXEERHIEAMN S B R R 1f
TR, WARTSAE M N EAECn s kS 22 BRI FE 2 hioa i i) 58 5 5 S M v it
Y, DT 38 3z i A 2 F XSS o

R, CAS ARG HACRE I fE R 8 35 1 O AR G I PR FE b4k S RS AL AR 22 S 8. AR D Al
PERI AT, T A ) 22 AR E PR VR0 T A TR SRS A A AL R B AR . SRTT, X S PR 2 dnfeT st
S LSS BELE ) AT N IR R EOEROE R R A, T AT 2 R AR BT

3. RBGFRIEE R T EFRENERREZF S FHH

ARSI ENAR(CAS) 5 ML FEPR A IR R LWL AR O B2, 38 K i Je — R BIAML S 7r § F 1
IR SN o B2 S I P FE 5 D) 3 M LA 5 A R L BRAR i, 10 B R L A BRI R O R Ge
PRI 7 T a3 40 T A 1 TR Rl RAERBLEAIEMetS) 5T, &SRR AL 5 /I 5
D3I BIAR EAZ R, T AR R E 1 JSaR 1, IR N BR AR X 8 731 0t ) W 0 A ML B EE

3.1. BIRRAERYRIEE R ER

WHFAR I, SCAEAY 5K R Hp e SO 2R B s 2 A X3 AR b A a8 ), Bl S sh kg, i
PR R, Bt R A i B A 18 B RO [29] . IX — b FE AT S EMEE N AN B E S R B R SN
S P38 TR A B RO 4 i 1 R PR (ECM) B S ] . P R A i gy, SR 25 0 B 1 R i 5 /MRS &, R R
AR R IR P AR K R T AR, SRR ROAE AR, (R R A AR TR R [30]: AL, HhE
(1 11055 ~F- T LA ROV SMC)FE JR SO 5 A5 5 R T MR 36 284 1) & R L 48, SRAT IR AN TE RE T
ERE NI BN, XS A VSMC RES IR EEZHES ECM sy, S5 VSMC
LRI BT E IR, BRASEEBRAE31]. [EX— RV FEFH, VSMC R, T 5E L& ECM
(6 R AT 1, 245 TR R 4

3.2. ERREFBRHXES TR
FTHEARAZBOT TR, MetS M55 T #E M AU A BE R R A FRRIEESE, ¥R
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Ak FR, DL ECM B, AU SRS . SORE G LA R SR B I B o S

ECM HEIPH K0 FEFRAEALH L) 280, 4L EEAMMMPs)Z ECM BRI 05
2%, Hrh MMP-2 76 B8 A8 LA b R IA B35 B[32]. BFFCRHT, MMP-2 763 M1 L4 (VSMCO)
TR R BEAEH . MMP-2 B2 S8l k-7 WLAN BRIE R VR 2868 1 N R, it B g i il i 5 2L Jeg
LD 2 SR S 2 B 1 S5 4T P R (ECM) B4, 12 33E VSMIC [ P PRI EE RS, AT 28538 A2 P A 1l [ 331
[36]. MMP-2 622> 58 ik-Fis NLAN L B A2 2868 70 T R, JFid i B A4 i 0 JE T (ECM) A3 (L6
FA R I R S S () SR IE R 2R 1), 2t VSMC I N IRHIERS, IS S84 W R . 5k TE
N, 7E TGF-B 1558k 1845 ~, COL1A1 F1 COL3A1 25Z Fhfik 5 & AL K 1 Rk R 8 B, arfeit
ECM ARG UIR, (b3 FRAE B N[37]. IXFf ECM BRAR5 & B AT, — 7 T S 35000 A e 45 Mg ) 2R
8, BT HEOEE B E N VSMC $RUEIN S 5. ECM-S2 A HAF R B 805, 2 — S HoRgii
SRS 2 A (45 5 S IR AE TR A8 R ) OB

BEAh, ANHEE AL R4 S FE AR S B A R E AL, R T VSMC THERIRAS R MR [38]. WLshE 140
JeL 0 B A R 5 ST UL 2 TR A 46 () 5548 . Tang & Gerlach [39148H!, LA c-Abl k%O (RIS 5
B AR NLEE A 45 S E A MU N-WASP. cofilin) &% vimentin BEf21k, RShHAHMIIRETEEE /. Xu
(40155 W3 — 247, WIshEE (AR 5 1 mld S A2 1 & LI Rho GTPases AL, BH Mz E A
RAIRAS,  WNIITE LA b (2 ik T8 JUL E Wi B e Ak Oy B T R T R AU B e ) 1) & A e AL . R
RE G HELE S HE AW B, SRS S, ECM BRI & 23205 5 1%
GG, WG S SR IIGE41]. tA, BERFIRBOUE RS2, Be b8 B 240 /L5 1)
NGNS, @G T SR X L5 S N ML o 38 I 17 55 R0 35 B 5 i 9
B, #E AN NIHE SRR, SEm g g E A R AN ) s A= 24T R, i
FE AR5 TR 5 0[42]. XS AL FR A T VSMC DI Re s 2 7 1 B Al

FERERE . 2 BB SR SR LR IR, A D@ BB B WOE, RIS VAR RS R Y,
PR 2R S E R T (30 TNF-a). INK. IKK. NF-xB 25{5 538 1% DL G2 20 M AE AR 20 21 b (92 3 S5 9%
R[43]. AMAIEAL TR BOLEEE K, W C3a AT CSa, X485 Tilid 53 G & AHEEZ RS &, KIEHmEY
FaAGE R, 515 sp M RLAH A . SRA% 20 R 4 B ) 3 A IR o b, RS I 2K B B AT T
RIS 2 A YI(MAC), %E SN IETE SR AL, B3 T S0 RE 40 i f F A S0 240 fi 1 452 £
BRELR[44] . DEIUR I, 75 S Kk B A AL BE B b mT 0 20 SR 28 52 6 4 1T 285 (W0 HLA-DP. HLA-
DR)YE E WG4 bR IE B, BB T P IR 52 A G N (G, X R FE e A8 AR AE 2R BA ) S
P55 RREMLHI[45]

W R, ARELEEAEANE LA GO IS a2, HREAZ O IR TE T i P A 28 s
FRVEACSLECIRES IR SO SN, AR HESI KR AL BEER K T B S AR A, R E IR T O A S A X
Br[46]. SEAL R AR 5 MEAU(ROS) AT 48 f NF-xB B/ S JORE S R RIE, S HUN R ThRERE AT 41 i T g
BERS, IESNAKHEFEREAL, 4kR FRAE AT RE[47].

3.3. RBEZAIENBFRES FEAHNBAYN

MetS AR —ER AR, T UG S RIS % 0, SRR R LR . ol . s 53 A vt
PERE S5 22 AU A28 A RAS [48 ] X LA S 8 L 22 ML P R RCK 3k 77 F %

e LA 2% 1 AT INSd R SR S AL 24 P WI(AGEs) HITE IS IR R s AGEs 5 H %24k RAGE 455 ) I i
2R JOREAS T IR, FEHEAR LA T (BCM) 3R 1 R SS IR AT - B30I 6 B 4B A P58 S m AN TS e [49] o
AT L I 5 1 (ox-LDL) 2 AR AR 2 AL 5 I SOAE RO SR8 201, BB NI PR IR 2 15 i
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RAZFEMBIHR[50]. ox-LDL nf 4 BN F1iE 18 522 (i CD36) AN &, 51 RIEEEIARIR 1
LKA D) RERERT, BETEGE NLRP3 RAEMAE, (2R IL-18 BRI, UK 2ORE R BI[51] [52].
[0}, ox-LDL A B4R T S 4if, Eilah & LOX-1 S24R4 3 — S AL & ALY R B o _E R BB 20
TFFRIK, WINA R BERRIIEE, T RN S bk ok AR R AL i3k R BB R [50] [52]. Je i 42 ThRekess S 8
iR - A, AT TREEE A TR, 2P IR B E AU A AE . BN E B, XL
AU ARSI AR, WA B R G, e o T S 2 T Bl S . AR MR C(PKC)IE 4%
fRHEEMEA(ROS) AL, 11 ROS MR B XAk — D I Jk & W HLPT[53]. X PBRIEIE A E145 MetS A58
N RE AL T RS IR R L (REL . EIMEEIRAS, X SRR N R U 17 A P B B
SNE, AT S 25 3 P 2 UGS

RARA SR, MetS 15 T M FHAT & BCM B, 00205 JORE e N8 KR
NS 2 oy FIE s I Rk . X SRR PR AR HAS L, TR R 4%, JL[FIIKE) VSMC [ 534
WFAITRE AN ECM I FEDTAR . BRI 260y T FfF I EAE T, A BT AT E IR FRe s it 2L 7%,
WP I LE T TR AR T R AR A

SN Z KL = Bk S AR S S I PR AR 2 S I PR 3R 5 A 4y 1 R (D SR ) S oA B
AR SR RO . SR A G AR D S TS, AR S R SRR B U) 7 . R B
RS SHCE VIS, HLh Y Boz i & HIRBI ) I X, IR L8 )% 55 1 5 A R ) RR R A A J=) 0 48 0 S B
B E—E[54] [55]0 J1HAE T M0 TR ALK T8 A5 5 - FiEDEHIRIE . YAP/TAZ #5547 )2 NF-
xB 15 5B M MEGE, i _EEIE R 48 5 R (MMP-2. MMP-9)#& 3k . 233 2 5E X 7 (W1 IL-6. TNF-) B
B, S T U R B A IR 14] [40] [55]. JEFR, KBRS HS REHS R A A HiE
RIRAIBE T EIRHLHIFREE T AR N B BELEESE « FEMR BT D) 70 X3 B k4 24, MMP-2. COL1AL, IL-
6 HEARERET &, H NF-«B M1 5 0 18 5% e 5 PR, 1 b W6 4 H I3 1 8 b A 4 i 4/ 22 i
P fRmEE YT R [S55] [56]. RIRKRIISLRIME T “MH - 1% - 4017 GBI ERLEEAE, R T /55 a
Wr DR 2 3 AR R A, R G M R A R A0 R S I SORE G N BT LR B 4 S
BRAE Loy T B B 1 I TERIL

4. INGE

FREHEZEIFENLRIEER, MRERMESM. WEBK. N TREEE, X2 RELZ A
P95 5 IE B 1A SORE . B, UM, )0 #E A R /FAK JEEE I3 58 NF-xB FIFSRIENE, AN
BUFEREEGE NF-«B, —FILA T [F— RIEBORE: RIEHFAI5F MMP RI&, 11 MMP [%fi# ECM 7= 4
(B BEUATVE N DAMPs #5300 JORE I o X 28 1F S BRAE IS A5 40146 1) J5 3545 0 e A IR iR, ek
TR 3 1) A B AR o R SRR T T 5 I R A I TR 3 R i T 1 A B R P A KU 4T LA 5 IR
e A S 6 R 2R 5 43 WL ) 2 TR A7 375 T P R SR 2%+ AR U8 T8 I 43 7 30 5 U8 L5 T R TR S A0 i 5
I B 7 2 ol S IR A R AR I BEAS s A 38 SR R 0 7 e o AL A 473 fosh =3 340 9
TPERLE o IXLLNLHIA FEAZ R, SLRIIKB A IR AR R . BRRIX —OREG, A Bh I IR PR 52 5 2 nh
PUHIAESE—, i T e p e k4

5. BIRERE

R ImAR SR R 5 & A A2 AU T Fe s 1 E SRR, HE AT 2 Bk E %, IR
WLy b BB L BT, FEAREA IR, WREISE AR MR G, LU 22 IR ZORE IRV #5030 ik
B AT WSy JE T . Hok, B B S B0 2 RIE T Eh R, 5 NSRS S A A R 22
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5, HZOUBEWmo 7, xR s 7RSSR, AN, Ko TR RERIEH AT, )
[P 2 B ATl A

R TENLTT R RFEAR L AL T EVE ASIBIE TT, 48— i) S0 bR e, B0 fa 6 PR 3R S P A 7
Mg fErt, RSP GRHY. EORAr SRS 40, WS HEXETEER . fla
A I TFAUAT CAS BUERVE BN bR A A7 588 T i — 3002 Lo BT HE PEBA ST 7C i v HURR 3 B0 IR AR AT
EEAAFITL, SN MMP-2. 1L-6 S5 FARARARSC>TKF, X a2 5w . 701 5ot 5 )
PR AR 25 SR AT SRR 70 M AEAT AHORIGAIE . 83 3k BRI 7T it Al A SCER HE R B4 A0 vl A 962 1)
R, HEShIR R fE R 3R 5 20 LT T R LR

E&WE

ARWFFAFHIPY )14 B A FEZR 5142 [24YWYL03]. VU114 RHEJT[2025ZNSFSC0776]. U )14 i EE 24
R E[2024MS5 1311 K o
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