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Abstract; Vascular stents play an important role in the minimally invasive treatment of vascular
diseases such as vascular stenosis, aneurysms, dissection and atherosclerotic plaques. However,
common complications after vascular stents implantation, such as thrombosis, inflammatory
response, vascular injury and restenosis, stent displacement and leakage, continue to significantly
affect their clinical efficacy. To address these issues, functionalization coating modification for
vascular stents to create a biological functional layer that could modulate blood and vascular cell
behavior has become an important strategy for improving their therapeutic outcomes. The recent
progress on the surface functionalization coating strategies for vascular stents, including the
constructions of anti-thrombosis coatings, promoting endocytosis coatings, and preventing intimal

hyperplasia coatings, etc., to enhance stent biocompatibility, was summarized. Additionally, the
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main challenges faced by functionalization coating modification and future development directions for

vascular stents were discussed, aiming to provide insights for further research and innovation.

Keywords: vascular stent; functionalization coating; modification; biocompatibility; hydrophilia;

anticoagulant drug; bioactive factor
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Fig. 1 Schematic diagram of surface modification strategies for improving performance of vascular stents

BRI Zamani VR T —RFRIRZE S WA A, Sun S SE 1 R 2 22351
RS BOCRBA A RPEE N YE AUEAE & T BY BR T NER (PCL) MR, JF & BLIZ A
PEREER L, nT b A I ORI A B, O BRI ST IR OR A i 1k, A, D Al
Fri e K . A 5E (BY) 2 — Pk, ik IR AL BA 2 IR0 £ 52 3, HALBE I il
PEAMIBE MBS ELBCR T R BY B VMR TR IR AR AR HE MAF Y SR A
SCHEAT MM FNET AR R BRI, R B R AL (ECs) RN



L EFSLERG AR 1

EURMAAERE

Technical Textiles

Vol. 43
May 2025

2 RHIpAERIMERE

LA P R J2 70 81 B I e T A B P A A
EGHATH A T RS AR, SR, SR A
AR, R 205 T AR S A S U LA i
(VSMCs ) 2o B 84 58 | 5 RE Sz v S 2 28 PN I A4 T ok,
AT 5 A i AP e 2 AR A G M, PRIk i 7 S 48
APt ]y AL i T RE I M BB R B n]
PSR N B AL, BETE A B35 5 R S0 3 ) 2 L R
HIHE T T SR A M BE | 336 T ST O A AN R
AR LR A R Y
2.1 AHREMEEEFHREWRE

— RN I S SR TR A VAR AN B ) 3
frERE , H A R4 A ke fg v AE A 254k, DA
F—E R M aee Y HikE R E
ARIRBEY (MR L REAE) REM
ARRAEW [ MRAR RAMRFZELMREEY
(PLGA) \PCL RZME R (=W EER) 55 | IRZ P
%, BEWEERN S REY IR S EETERE
AEE, REITREEYMHAENEE T RZ —,
TR ECs FER 09 & Fh A W G v IR, i 65 Bt
& BRFAAC 45, CR 0 H T ARy e 222 B4
LTSk Z YRR E I HE, SEARAPUAH
L, Z KA g5 R fa 5 AR s R e e A
M. Wang %2265 iF R AL GREDVY ( Gly-Arg-Glu-
Asp-Val-Tyr) IKI 22 K E A, 8 2 R Z L (PDA)
fif] %€ 7E 28 AL R AL B ) Mg-Zn-Y-Nd & 4 K,
R IIZ AR THI G Sk 25 0D 1/ AR ) R B BTG 1l %,
IFHER BRI, Lin 272 78 ZK60 B4 4 R it
PLGA/ & FR/PLGA = HIRE)Z, Ml it 5212 Bl
W EFIRAAR A 5, B4, T2 ECs ¥85E 4
il VSMCs 24E K, i pr Rt B A R4 N B2 A0 7,
S AN B et o /Ry i P e e U A A =
AEEEH,

2.2 ERHBEZRESWRE

AR A U Z TR R A W IR E T A 42
T AR Bz AR S RSB
I Y R [ N AR T — 5
EA(NO) Bk 53 45 T 505 A 5500 (4N J2 Rk % R
H GBI AF ) |, oAk S48 3R T 09 AR W) 2= bk | 2

E ECs RUBHME 5185 . Gu %2 JF & T RER IR
ZBRIK (PCUU) MR PR R & FRK (PEUU ) 1R))2 , 12
ST YR e, Hrr, PCUU )2 ATt 2 08
/D I/ R B, O 3 ek R ik 8 AZ BE A ] VSMCs 1
B, BEAh, SEES TARBORERAE IR  BETEEE & 4 R
P A AR R R G W 2, IF SR km
IR Qi RIS E PR AR A S X
IO 2 R PTIA MEUR 2, W ek T ECs A2 B
FOIEBH $ETE T AR I AR RE 7. Yu 3500 sE 2t
CHRAEH A A R T BRI C—F 1R )2, I
DUBUEK MR N2, R B AU 2 RE 3R TH A1 )
FROTR TS e e, [ ISP 1 ECs 1 5 M RT3 58, 9 R
R AR A A

T3 Ah B e I B A TR 2 AR A AR TR B
A ShAS BERUAE N B2 AR R F | SE RS R 4 34 mT
TR TR 0 Ak 21 B RN 2 T T R 3 AT (a3
FRIL BERR AT ) A A I R 2 M ek ot A4
e,

B2 A RO Z D RE R A YRRk 2
PN 2 Ak B A A 5 S IR 2 S 4 2 T
HABE KW AR M B & By ],
2.3 @it PDA REEEEYWEEREF

TR K, 2 OV AT e 25 T A R A
B PDA, HIFIRJZ . PDA W] 5 & B L sl
P 433 3 T v R I A e e s i AT
[ 2 A G DR, B v I A S R A AR A i
P ECs AE K N 2k, Lin % 2 e 2 Ak SAb 31
) Mg-Zn-Y-Nd & 4 £ M il 45 PDA % )2, DE
ECs FA K, JF38 i B fi bz WL (HA ) $2 5141
BHOPTEETE AL YA 25, Zhang 257 76 B 22 i
L2 (PLLA) M 5| A PDA 1&)2 £ ECs 78 PLLA
R AIESE . R, PDA W2 SR A RN e E
REM G TT 4> 76 PLLA F Y[ E 244t TF &,
PLLA (O I8 S 38 0 A= AR 25 PR iE — 25 1958 . PDA
W54 R E AR R T IR 225 RN B g
77, SRR AE YA A . Zhang 2550 7R RS L
IR A EAS Cu™ i PDA IR 2 IR AS N Bz
ARETF AR NO FRS R ECs AR K
552 BT B, R Il A8 P pe 78 XU

B TIRIE T RETT SR X PDA 12 0b 47 F s
Wi, ABSCAE R R T R B B ) 3 T A T4 R )



S 43 %
2025 F£E S HA

EURAAERE

Technical Textiles

L EFSLERG AR 1

REAL o (AN]R8 | a7 B b e B b 3R IR AT IR B, 4T
I FE NAMITFE 3 SR TE B

3 TR NER A% E

RN , HOB AR P B RE A  E0 S B
BeAE S DL IE AE , Rl 5| % il iz 5 7 A0 Bk i =
BV IEW A P, ECs 18 33 BT 51 3R 2 M NO
B 1k /N T Ak B afiAg T B, B i VSMCs 3451,
HERE VSMCs Weda K80, N 200 2R 68 IS | i/
MR G AR Al VSMCs 5% Ry A B e 7, ) B34 R
P, SR 7 1k SRR e DI AR o SRR TR
B MR 7 S P B 25 W VR 2, P VSMCs
T NN T
3.1 AHEKEFHERE

I ANIRIT G S NS 2T VSMCs 1Y
I 5T, LA M ECs 755 457 X 18 0 16 2 9E
R, TR NG A ) AR PR R MR AR, A
KHEFHET 2 HTIEFMAEE R, e H AL
EARKEFA M N A RKEF (VEGF) 8 44
AR A F (FGF) | li/MRATAEA K -+ (PDGF) #1
MAEAMRE (Angs) 5, b, WEFEFEmMG EH
(VEGF-Fe) HA MR ARuE PRI 2R m S,
AT RBROUS Z AL SRR B W B M R, H
VEGF-Fc f&1fi PCL 2L 328, W #5 4 VEGF P 7
I, Bif5, VEGF-Fe F2 € 51 1534 T PCL 241
TH R ECs 17 B R A A5 20 A O R Ma
SRS R B, i MR AT AR A K R F BB(PDGF-BB)
L s s RIS, nTEE ECs B35 AR, [F)
I VSMCs 3458 FiF 4%, (HRE#E PDGF-BB ¥
FERBE I A e B R] AP HIRCR NG . XA REAEE
I N BB A0 1) RIS, A 20 ol PR B A=
3.2 GHAYNERE

VAR SN SCHAE A S B 2 DI RRIR T
ORI DI RE A IR 2 R B2 A, 4t
HEFE 2510 EE IS 2 (RAPA) M HE Y, REfg A
SR I/ SRR AR VSMCs 13 BEHE 5 , 02%
FEARSC AL N R ZE 1 & AR5 RAPA ik BH W7 25 i
2% FL A 1 (mTOR) {5 53 %, #0 ] VSMCs 1y 3
B, TF0 VSMCs MU 45 2 A 1) & i R AL Ak,
Wang 25534 4- 2 562,26, 6-DU H IR BE-1-48 %

(TEMPOL) Fil RAPA LR G4 T 25 22 i v, A it
TP R GRS S XU D RE A S, %3
ALY P S B T L PN B P DR EE A, T
RSN JAE SN S ARG 2B T 2% 3 200 1o 1) o
TG ) A S AR A 22 00 8, R P U AL RS
SIPUREFME . AN Xiang 555 IR R T — R LT
AR R A L R WA PR TR RN T i o
RRSEREI NO R AE IR, A 2408 7 1A 4 8V 25
P, SEBL T AEDT AR R it OR B AL DT )

4 HEEAE

IS S S5 A B — R 5 I RRE , i A2
TE R ARAE S B G WA Wy R T B A, 3 2 (] 8 2
BRSOk R LA 1) S e B A ML , 51 & 1l 4 )
TOAAE | N RIS A R P78 45 | e 4] Be B 48
FE BN IR FARRE: . ARk, SRR R AT
PET& MR AHZSE AR 2 N B Ak B 10 o) P S A 25
T, 5 7RG A 08 PR AE | ARAE SO | 85 4k S i A 1B
PEE R, RIS T — @ Pk (0 2 AE
e RN FH ATy T i 22 PR AR «

5, &R R R AW AR AT REE &
I/ I e R % i A TR B, 5 ) S A 4 K 0 e
W] A S AR T A G A, SR BE AR U ECs (PR
B T, SN VSMCs 1) 5 5 38 58, 415 J2 24 5 ifF 5%
FRIAZ o XA

R, SR KR e MR OGS,
WHRTARAE A RIERE , 7 1 R I P 5 | B8P A i
SRR T S HAR I R T A A

e, R /NS PR AR R R R T 56
SR AP 2ENLR RO T 005 RE, H) TE Tk 5
PN A RN BRI, DR, SR SR A 52 I B
TR K SRR 4 157 P, LAV B M DA S 4R 0 A
YIABZEME R IR | M R fb 35 e Sl

Ak, A ST AR R S ) R e Al 5 AR Ak A
PEAC Y 5 1) R, FL H bR 26 VSMCs 1) 5 5 3
B, RIBS AN S ) ECs B9 IE 38 58, I3 1 A= 9 15 vk
VR 2R REBUEE SR I, SC B PN R Ak 5 T AR Y T3 1)
Ak, AN, Z5EAURBRE KB R BE RS 55
WRIEBHOR | 5 S K S A% SN DR
JRIBR, B A iR ) AR YA AT &, K



LEﬁEEiﬁﬁﬁﬁ‘

= RS

Technical Textiles

N5

Vol. 43
May 2025

K7

TR R

&% 3k

(1]

[ 4]

[5]

[6]

[7]

205, RvlE, B3R, & M SR RIS oA
SRR R RS T]. P EASUTR, 2021, 25
(34) . 5561-5569.

LIJH, HU X L, CHEN Y M, et al. Review of recent
in vascular from conventional to

progress stents :

functional vascular stents [ J ]. Chinese Chemical
Letters, 2025, 36(7) . 110492.

GUPTA P, MANDAL B B. Tissue-engineered vascular
grafts: emerging trends and technologies[ J]. Advanced
Functional Materials, 2021, 31(33) . 2100027.
ISHIZAKI T, SAITO N, TAKAI O. Correlation of cell
adhesive behaviors on superhydrophobic, superhydrophilic,
and  micropatterned  superhydrophobic/ superhydrophilic
surfaces to their surface chemistry[]J]. Langmuir, 2010,
26(11) . 8147-8154.
FRANCOLINI 1, VUOTTO C, PIOZZI A, et al.
Antifouling and antimicrobial biomaterials: an overview
[J]. APMIS, 2017, 125(4) . 392-417.

ZHUT H, GU H B, ZHANG H M, et al. Covalent
grafting of PEG and heparin improves biological
performance of electrospun vascular grafts for carotid
artery replacement[ J]. Acta Biomaterialia, 2021, 119
211-224.

CHENSF, LILY, ZHAO C, et al. Surface hydration:
principles and  applications  toward low-fouling/
nonfouling biomaterials[ J]. Polymer, 2010, 51(23) .
5283-5293.

ZHU Z Q, GAO Q, LONG Z Y, et al. Polydopamine/
poly ( sulfobetaine methacrylate ) co-deposition coatings
triggered by CuSO,/H,0, on implants for improved
surface hemocompatibility and antibacterial activity[ J].
Bioactive Materials, 2021, 6(8) ; 2546-2556.

CAO Z Q, JIANG S Y. Super-hydrophilic zwitterionic
poly ( carboxybetaine) ~ and  amphiphilic  non-ionic
poly(ethylene glycol ) for stealth nanoparticles [ J ].

Nano Today, 2012, 7(5) : 404-413.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

YU Y L, HIRAKANE M, MORI D, et al. Structural
and activity variability of fractions with different charge
density and chain length from pharmaceutical heparins
[J]. Glycoconjugate Journal, 2017, 34(4) . 545-552.
SAKIYAMA-ELBERT S E. Incorporation of heparin into
biomaterials[ J]. Acta Biomaterialia, 2014, 10(4):
1581-1587.
ZAMANI M, KHAFAJI M, NAJI M, et al. A
biomimetic heparinized composite silk-based vascular
scaffold antithrombogenicity [ J ].
Scientific Reports, 2017, 7(1) ; 4455.

TSOU P S, PALISOC P J, FLAVAHAN N A, et al.

with  sustained

Dissecting the cellular mechanism of prostacyclin analog
iloprost in reversing vascular dysfunction in scleroderma
[J]. Arthritis & Rheumatology, 2021, 73(3) : 520-529.
SUN Q Q, SI J H, ZHAO L L, et al. Direct thrombin
inhibitor-bivalirudin improved the hemocompatibility of
grafts [ J ].
Composites Part B: Engineering, 2022, 234. 109702.
TRAEFD, doknt, B Z52UEHEIE N T OB T
ZHIBFSEHEIE[T]. P Y 8L, 2023, 41(1):
9-13.

ANTONOVA L V, KRIVKINA E O, REZVOVA M A,

electrospun  polycaprolactone vascular

et al. A technology for anti-thrombogenic drug coating of
small-diameter biodegradable vascular prostheses [ J ].
Sovremennye Tekhnologii v Meditsine,, 2020, 12(6) ; 6-12.
LIZK, WUZS, LUT, et al. Materials and surface
modification for tissue engineered vascular scaffolds[ J].
Journal of Biomaterials Science ( Polymer Edition ),
2016, 27(15) ; 1534-1552.

PAN C J, LIU X H, HONG Q X, et al. Recent
advances in surface endothelialization of the magnesium
alloy stent materials [ J ]. Journal of Magnesium and
Alloys, 2023, 11(1) . 48-77.

LIL Y, CUL L' Y, ZENG R C, et al. Advances in
functionalized polymer coatings on biodegradable
magnesium alloys: a review [ J ]. Acta Biomaterialia,
2018, 79 23-36.

XVEERE, 2R, 2Rk, & P YERIR R 4 3 AL
SUNIEMAF L[ T]. 795410 ,2017,35(6) «
6-13.

WANG P, XIONG P, LIU J, et al. A silk-based
coating containing GREDVY peptide and heparin on Mg-
Zn-Y-Nd corrosion  resistance,

alloy:  improved

hemocompatibility and endothelialization[ J]. Journal of



S 43 %
2025 F£E S HA

= RA

Technical Textiles

A5

L EFSLERG AR 1

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

oecoe00

Materials Chemistry B, 2018, 6(6) : 966-978.

LIN L H, LEE H P, YEH M L. Characterization of a
sandwich PLGA-gallic acid-PLGA coating on Mg alloy
7ZK60 for bioresorbable coronary artery stents [ J ].
Materials, 2020, 13(23) . 5538.

GU X Z, MAO Z W, YE S H, et al. Biodegradable,
elastomeric coatings with controlled anti-proliferative
agent release for magnesium-based cardiovascular stents
[J]. Colloids and Surfaces B: Biointerfaces, 2016,
144 170-179.

FRIEDRICH J F. Mechanisms of plasma polymerization-
reviewed from a chemical point of view [ J]. Plasma
Processes and Polymers, 2011, 8(9) . 783-802.

QL P K, YANG Y, ZHAO S, et al. Improvement of

corrosion resistance and

biodegradable

biocompatibility  of

metallic vascular stent wvia plasma
allylamine polymerized coating[ J]. Materials & Design,
2016, 96 341-349.

YU D H, QIU H, MOU X H, et al. One-pot but two-
step vapor-based amine- and fluorine-bearing dual-layer
coating for improving anticorrosion and biocompatibility
of magnesium alloy [ J]. ACS Biomaterials Science &
Engineering, 2019, 5(9) . 4331-4340.
LI'Y X, LI C, YU R, et al. Application of
polydopamine on the implant surface modification[ ] ].
Polymer Bulletin, 2022, 79(8) : 5613-5633.

LIU X L, ZHEN Z, LIU J, et al. Multifunctional
MgF,/polydopamine coating on Mg alloy for vascular
stent application [ J ]. Journal of Materials Science &
Technology, 2015, 31(7) : 733-743.

ZHANG Y, DUH, QIU Z 'Y, et al. Enhancement of poly-

[30]

[31]

[32]

[33]

[34]

[35]

CO®OOS00S00CS00S00S00CS00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00 €00

(EEF 8 W)

[29]

[30]

[31]

MOZAFARI H, DONG P F, ZHAO S ], et al
Migration resistance of esophageal stents: the role of
stent design[J]. Computers in Biology and Medicine,
2018, 100 43-49.

GARBEY M, SALMON R, FIKFAK V, et al
Esophageal stent migration: testing few hypothesis with a
simplified mathematical model [ J ].

Biology and Medicine, 2016, 79 259-265.
BHATTACHARYA D, ALI SJ V, CHENG L K, et al.

Computers in

RoSE: a robotic soft esophagus for endoprosthetic stent

testing[ J]. Soft Robotics, 2021, 8(4) : 397-415.

[32]

[33]

[34]

L-lactic acid stents through polydopamine coating: boosting
endothelialization and suppressing inflammation [ J ].
Alexandria Engineering Journal, 2023, 81. 525-531.
ZHANG B, YAO R J, HU C, et al. Epigallocatechin
gallate mediated sandwich-like coating for mimicking
endothelium with sustained therapeutic nitric oxide
generation and heparin release[ J ]. Biomaterials, 2021,
269 120418.

NAKAZAKI M, OKA S, SASAKI M, et al. Prevention
of neointimal hyperplasia induced by an endovascular

stent via intravenous infusion of mesenchymal stem cells

[J]. Journal of Neurosurgery, 2019, 133 (6):
1773-1785.
XU K, ZHU C S, XIE J H, et al. Enhanced

vascularization of PCL porous scaffolds through VEGF-
Fc modification[ J ]. Journal of Materials Chemistry B,
2018, 6(27) . 4474-4485.

MA X, JIANG C Y, LI Y H, et al. Inhibition effect of
tacrolimus and platelet-derived growth factor-BB on
restenosis after vascular intimal injury[J]. Biomedicine &
Pharmacotherapy, 2017, 93. 180-189.

WANG R, LU J, YIN J S, et al. A TEMPOL and
rapamycin  loaded  nanofiber-covered stent favors
endothelialization and mitigates neointimal hyperplasia
and local inflammation[ J]. Bioactive Materials, 2023
(1): 666-677.

XIANG Z H, CHEN H H, XU B F, et al. Gelatin/
heparin coated bio-inspired polyurethane composite
fibers to construct small-caliber artificial blood vessel

grafts [ J ].
Macromolecules, 2024, 269 131849.

International ~ Journal of Biological

YOSO0S00S00S00SCOSO0SO0SO0S00SO0S00S00S00S00S00S00S00S00S00S0

SEOK J. Understanding mechanical properties of biliary
metal stents for wise stent selection [ J ]. Clinical
Endoscopy, 2023, 56(5) : 592-593.

WU G L, WEI G H, HUANG S H, et al. Study on the
biomechanical properties of 3D printed blended esophageal
stents with different structural parameters based on patient
CT[J]. Frontiers in Physics, 2024, 12 1390321.

LIU X F, TAO H, LI C J, et al. Effect of NiTi
parameters on the mechanical properties of integrated
braided stents[ J]. Textile Research Journal, 2023, 93
(3/4) . 701-712.



