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MA, A

Abstract

In-Stent Restenosis, ISR) is a common and challenging complication after percutaneous coronary
intervention, which seriously affects the long-term prognosis and quality of life of patients. With the
development of interventional technology, Drug-Coated Balloon, DCB), as a new local drug delivery
tool, has been widely concerned and studied in the field of ISR therapy in recent years because it
does not need to implant stents again and can effectively inhibit intimal hyperplasia. At present, a
large number of clinical trials and systematic reviews show that drug balloons show good clinical
efficacy and safety in improving vascular patency rate, reducing restenosis and reducing adverse
vascular events. However, the mechanism of action of drug balloon needs to be further clarified, and
the difference of curative effect and long-term effect of different patient groups need to be further
discussed. This review focuses on the latest application progress of drug balloon in ISR patients,
systematically analyzes its clinical efficacy and safety evaluation, and looks forward to the future
research direction, aiming at providing scientific basis and practical guidance for clinical treatment
and promoting the optimization and upgrading of ISR treatment strategy.
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1. B

CEE P P H%E (in-stent restenosis, ISR)AE e IRk SCHEAE A J5 L0 I 557 2198 ) i, = SR ICA IfL
PR IR PR R A 1T S S 30 LI s 38 XL SR PR RS o AR 2435 Bt S 42 (drug-eluting stents, DES)
S D T OISR PR A, (HIX—FERREMRARATETE, HIHEIRIT R 44[1][2]. ISR MR AN £ Z9 K i
B P L4 (vascular smooth muscle cells, VSMCs) ) 5 & $FE AT RS, DU IMLE N D) se I8 FE 5
R3] [4]. BAKTTE, VSMCs HIFRAEEH . JONER N . AR T & B S A A2 5 1 5 A s
IR, 1 g BE AR e 26 S 30UV IS B A2 (4] [5]. Dbk, P9 R 4R B S AS R AR I B ) ML Al i o, 2
fief3 ISR T2 J I 3L 2L PR 2K 3 ] o

FESEHT ISR Y597 J7 136 F0E T EREE Y 5K (plain balloon angioplasty, POBA)AIE S 6 A\ 3742, {HIX
BEIEAAAE— € MR M. BRSO BARRENUMRME SCHE IV, B E NI A, B2 EE&E S
IR 8 51 ™ B ) I S RE 2T AN SR S W A S SR IAS T AR [3] [6] 0 1A% Gk B d SR AL A AN RE
HREH VSMCs R4 5, SEEERE[T]. b, AWl ik 2 24 (bioresorbable vascular scaffolds, BVS)
BRI T K A RIS, AR ATUSR AL | PR AR AN BRAR S W 0 22 4 e 1) R BR 1) 1 V2 R
[8][9]-

AR, 25 EREE (drug-coated balloons, DCB)/E N —Fh R B 2Rk R, BRI “ B2 48k N7 J
R AN GRS A1 RE 7, BOA ISR IRYT I E ik +E . DCB B fE BRI Tk I A2 ol bu iy i 2454
(UEAZEE . HIARE )M L B AR AL, %] VSMCs S B AEFE, RN B T 4208 59 K
FEMRIAR KR, H 2006 5 F1 1 H A2 REIR 2 BREIRIT K ISR Dl & LAR, DCB il K M.
FIZW 2, i ISRy /NAVERAS . 50 XA 5 2 AN 2R IR BN ko A2 R Y[ 10] [11]. 2 Tl pRAJE F2 A0

][l
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MA%,

BEALO ERES R, DCB 677 ISR [ H Frips 48 7 ML 5 43 % (target lesion revascularization, TLR)Z 3 [§
i, HZaMRI[12]-[14]. MR TEEZYMAN, DCB %2 Z4E8 &N, 408X ITE T I 8 &K
U 1 S SR SR A T T B A B AR A 6] [15].

Ubabh, ZiERFER 29 R R BAR B AR AW D . BRI EEREE R H m U BUss s e B2 R
FH T 8R MA 85 3R U = BRYE LS S I 2450 93 A AT 2 R, JCHO&E H T AR € K ARE F 8 RO A2 [16]
PR AEAS [P BE SR A BEBR K ISR Y597 H s H AT LU L 28 E AR 35, R MR TG T SR M 1 25 B 20 o
T, HERM AR sirolimus PR EARIRIESE IEE IR RO RN B, IR — AR THR T BOR [6]
[17].

RAE VY EREH A RS B e, (BAAE — S BR A 2 . g E Rt R e, Was
A AN JE S X AR T B AR R 2 38 1A BRI R 18] BhAh, AP AS[HZEAL ISR (Wi#R 4@ 28 ISR 5254
BEE S HE ISR) AN A1 BRHLA B AR AR TT T SR M FRIR AR [6] [15]0 sAR AR WG A0 T =346
(optical coherence tomography, OCT)fE ISR Jp EE SR T . J6I7 77 SRR AN R VTl o & 4 1Bk ke bk 2 22 (1)
YER, HHBnSCBUREHEYR T [19] [20].

L EPTIR, AR AR ARSI NG IT 5 B B R A, SR R R PR . fE
GUIRIT TR BA B, HERFR G BAAERREY . WEREE N — M R4 PEis koA,
I AN VSMCs [ 55 8958, g3/ DB I IRTE R, B8R ISR VAT B B, Ik, BEERIAR
M2 A WAL, Z9VEREELE ISR JRI7 R IIGIR B H 2832, J7 ROM 22 2RI AR 22 IR R 9
R, WoRHREFHTR . AROKR, SiGRIERAREOR, RN ISR MR ERNLE, UL 2skERr 54
AR YT TN, Rt PR B AU R, i R e S SR R A AR R B3] [10] [16] [19].

2. IEXC
2.1. AMEBRAERANBIRERER

2.1.1. ZEKRANL T RIES B ENE

25k #E(Drug-Coated Balloons, DCB)E 24— X% UM St NiRITEOR, B ELEI A RRIER IR
POV EAZEE . IRYESER))SEIUR F 254k . FEd TR AR, BREEK 25 W R 8 22 1 A P9
A e R P PR JR P8 24 W A A L T LA M PR G SR S0 A2, e D S 4RI A, AT AR S 2R Y
PRAE (SR AR . HAZEE (Paclitaxel) {F 9 LA GM R 2, TAIHL v g P R bR 40 AR HCR 8, 72 I PR
ErrE N AR EE[11]. AT, KRR SRR DA RIVE HY, WS bR, X inIty
Yot AL f 22 4 7R ik — 20 500 211

R AE 5L ] (Sirolimus) ERFEVE O 73 — R PUI B 25418 0T, R 25 SR S AL A Anp 2 45k, @A
RO AR SOE RS, (EHEPEIRAEE V. WP IR IRIT UK, R4 5 R BREELE 2 A PE A7 2 A
T EABEIRIE[16] [22]. LPDRELOR AR R RG HEFE H0 TR T RCR B0, ST REREEARA
Wittt IR FHEAGOREAR, J—TF2WIRIRSE VENVRE SRR 23] [24] i, A A BERTL
R 1) 8 ) T ) 7 35 1 AL (ROS ) B g PRI /K B SR S22 SR S 2 AR T, i a3 I P 2 5 R A A= B 9 ¢
BESR IS A [25]. LAl BRIERMFE S A SI IR R T 2R RCR, I8 738 fe 2t 25 R A L
ERE, DN IR TR EERIEM ZW0BI%RE 11[26] [27]. ZIPIERTEM BT I TPl B m 30 R i 2 g
B S5 IR BUTE AR R B BRI AL, B AR SEELTE SCORBEN 1 (R I A 25 i 7 P A A, AL
T NIGITHR FRGHE LG IE T 7 IR JR i d

2.1.2. BBk RSEGIATT AN
ZIWERBER AL TR SR BHRCCAEN BT Y 2 J2 < ST ity SR AU i LR AL A B 45475 £
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MA, A

R 2 ESCRAML I M BE IR 740, S 80 Sk k55, & T e 0 B N R A, (R TR
MR (28] ML Z N, Z5WBRIEIE I R 29 PR e i LB M3 A2, BN B R AL, Wb T
18 9 RE SN B S BEAR IR RRE (R R M S 4R ke ) U [ 117 [29]

5@ ER Y S LG, 25 ERIE R L 25 ) AR L) B BRI T TR R 2. 2 TR AL B R
ZIVIERBEIRTT 1) B AR S PR R AR T m ek e, oGE 7 M FE R AN PR IR [30] [31]. BE4E,
ZGYIRFEARAE AR AR, AHBASMENY, D T FREFRIAIERAE R . EE LRI F, 259
BREETRR DU AP E M, a0/ N AR . 7 SURARSE, HRJSHUM /MG ST I R, AR T &
I XU A R 11] [32]

TE 8 Bl LA A N4k, 250 ERTE 505 52 PR3 B e B AR A, S5 H 0l s v P73 28 1R B [R) 280
BB I AR 2 R [31] [33] AT, Z5WERZERI Z9VIRE USRI SV Z R TT . 20 2 TR 45 44 K If
B REREIE AR, PR T TR — e [34] [35]. Z9WERBEE LSS ALY TK S 2 IE MR SR T
R Z 5T, JCHAEBE G 2 JZ S B I K B R R T R IR, BN IR IR G ST SCHE N B s
S5 B AR A UL HE

2.2. HYPRRAE S RABREBEDAISRITSITN

2.2.1. IGRIRIEBiEEA

Z TN LA IR IS (RCT) B R G5 vEA 257 Bk $E(Drug-Coated Balloon, DCB)IGY7 37 42 P4 3% % (In-Stent
Restenosis, ISR)PJIGIARIT R, 45 R AHE T @ ek ¥k, ek R0 7 M H e, FEA
R R G I AR IR ZE . H BRo AR P I 40 26 (Target Lesion Revascularization, TLR) & Jo 35 14 A7 %
SR RR. 10, PACCOCATH ISR &A1 PEPCAD 11 iR56HIUESE T 254 ERFEAE ISR 1697 P L5 .
PACCOCATH ISR REGFE Y, I 2443k%E597 ISR i, TLR REZEBAL, WK FM KA RIREG Frigb
[37]o A — T2 HuLBENLA B FT LR T 25 EREE S B SR B — 2B It S 4L (DES) ¥R 7 S 3R i 4%
P $k % (Stent Edge Restenosis, SER), 45 K IV ERFALAEYIHIBE VI TVR KBS EUR, (HZ8 40 ) 4 DL RS
5, WAHRKFE TR EER, SoRAYERENIRYT SER A BT £[41].

tb4h, Z 30 RCT /R, XFE KM DES-ISR, ZYIERIEIGITIEMC MACE (FZA RO E M)
TLR AL T EEMA DES, JHIE=Z KU FE&JE 2R ISR B+, ZiYskiE R E0cE 7 LH M4
172[42]. DAEDALUS B F0ILAL 10 T RCT ¥4, 40 17 254 BRFEXT 454 J8 S 42(BMS) )2 DES ISR )97
R, GERFWIE BMS-ISR B, Z94Bk% 5 5H S DES AR Y MifE DES-ISR H&d, 245k
B TLR NG4ECE S DES M S, (2L thoh, Z9PBRELEIRTT e RBN MK ISR B/R T
R 1 L AR ERF A BUR IS AE R AR 28, SCREFEAE N — P U IR T 5 [43] [44]

BARTT S, ImARIRI BRSO R 29 ERFE VAT ISR B3 RE A 20/ & e s R T-HiF Rk, H
TER o B BA T, AWERIIEYT GRS R T BRI T E S AN DES, BN ISR WGIT I EF B2
—[45] [46].

222, KBTS REMHSH

ZyPERIEIRIT ISR B KBV 8 Bon, B B R RBAR, WA e s AR R D, 4
PERIF . KIIEE R B A4 5 B R S ki 5 R i RO A (SCAAR)EH: 5 55 K BB 43 i, R
VIERFE N I ER P Tk ] 0 3 PR B AR AR P A AL R (TLR) M A R FE T2 [47]. IN.PACT Global fiff 72 %f
SR BB I U7 (B Kk 36 AN H)R I, 29k EEE T IR S hKow 48 B RRSEIIG AR R RIS
Bz, o AL A i 22 A A1 Rk (48] [49].

EEXIANF 2500 2 IER TR, J7 O S VEAFAE — € ZE 57 o I 12 U 7 LR T 4842 1% (paclitaxel )5 76
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MA%,

% 5L (sirolimus) iR JZERIEMIGR R I . — TATHEME MR Feda tH, PIFPRE &l HEHA4%
a3 IVUS) AR IEIT RUR . 54k, 22BN TR, TP R iR ZEREE I B PRI IES
Rebk, ATy R R K K I PRI 3 — B A . B TR 4 2 Q4 4 B 7] (everolimus) i3 2 ERFEE S )
B B RAF 22 A MERT R, oK I AR N FH S 45 71 [50]-[53].

KW 22 A7 T, Z9YERIEIETT A L 535 19 00 H i, SR m A ™ BN RN o T BB o
ZHDHETT, ZYIERTES S —AC DES ML, 76 1 42 3 EMFEVT H R BN BT RER, AL
SR S ER B ) A A T R S R B 3R A, i — PN e et SR, S T2 & Rk
JER K IA e AR, B ATAEE S, T RRE TR IR FE[54] [56]. Z9PIEREELE ISR AT H B
P R T RO e Ak, O BB AL TR WA SR SRR T IR R, RERE A T2 B S e
ISR B ey Hi I RS i3 [57]

223, HPYEKRAOFMER. FHRERITR

ZPEREE H AT S A TS E AR (ISR, JUHE 5 ISR AV AR AR AR . K& I AR
FOESE, Z9PIBRFELE ISR VAT W a4 R PR B0 A8 A B AL %, IR/ A A8 rh R H 5 29 e Bt S
TR T RL36] [37]. BhAh, ZaMERBELE ) SURAS . SUMETE K ZE A AE . o HA L RO B SR R B A i
PAF T — MR FHIAR][29] [38]. SR, XT840 A Wi B 2454k . KRR 7 B Rtk — P IiE . 45
PR RT REFHAS 2P0 A RS IE RIS 513815, FEMARIT R . A, K78 X S 35 &) 2 s ik A7 (e 4
ARPRAR, 50 BIF 70 2 BB B e B R 25 TA 38 T B LA G UR [31] [33][39]0 2 BRFEI A AL G il Bk
PR EN, HAWNERZM, H AR 52N EAZ B AR 4 5 /] R 24, HAbR 2R E a1
FHARE TR B, BRI T I Ak, Z9WERFE I 2GR O AR AR 25 45 R A IR R A R E I
A @R, ST RK[18] [40].

ZiPERIEIRTT ISR YT RUZ B Z MK RS . 152G, AR KB S YA T AR I B4R A o
RN, BRIREKESEENEREMRS, JLHEERESK ISR H, RAEKEBK, FREE
RKIE[58] [59]. HIR, CHBAHITRUINE BE M. DAEDALUS #F7t48H, Z9ERTEEAR S8 048
ISR (BMS-ISR)5 #H & DES fHAZHEA Y, {H7E DES-ISR B¥ 1, Z9¥ERE )7 %% T HEE M DES.
[ SR SR, JUFR MR, XHIRYT 45 R R . BRI RS MACE U B354, 2
ZGVERIEIETT RCR IS T R 36 o ek, ARATFAAR VTS AR A E R ARG T R B O E T,
FHF- W2 33 (OCT) FIUALE P 7 (IVUS) 55 RAAR B T 5 B B Al ISR AL DRI R BRI 8 KK SR mes, M
M EIRTT I BB E K. SE60BRFRSNAYRERT 2R ERNE . BURMRAR A
AR ZE /[ 11] [19] [42].

AN, AR E R AR TAC B (0 D) FIEREE . e B AR . BWOGTHRISE)BAE 2Bk R0 0% 2 2% ISR 1)
TBITRR . W07 Tosaka I R 2 BEEBNMK ISR H, BAAIRA R EREEIGIT SR B s i) —E R
WA RS R R SRR ISR 2 EREEST AL, JAkhY ISR B A5 E Kk %00 BEUIK,
PN T NAE NIBIT IE$E 122 K 3K [60]-[63] -

23. AMHKBENANRFMMRHRSARRE

2.3.1. BAYRRIREHBYESHTEL

AR, 253k FE (drug-coated balloon, DCB)F AR5, JUHAEAEWR MR 24520 4 77 T HUAS
TR E R TR EM RN R S M EARRGUKER N, B R T T 25 R RS 8 PR AURE TR P 45 1
filtun, GOKREAR . NEBASEGUOR B R R R Tl T 4024, e Seal st I RS e 25 R, /b 25 e AL
L, REIRITAR . A, BEWBAEAIGER R 29WRER, & Re s 4R BOE %,
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MA, A

NI S 3 E 458 A B BU B A R [22] [23]

Z A RZERIE AT SR IR R IE, B R Y R VE G SR IS S AP MO . BN, MRS
PUETH 2P0 A2 I (paclitaxel ) Z: Al b, IIABTR 2GS S B0, REOE A 25 B A1 1M A5 B S RE SO, i3k
MEABR[27]. X2 2 A RIS MRS — 2597 80 BRI 1) A 758 1 SR %

A ) BB SR AA R (0 8 FE S 25 ) R BE A RHIIE R SR T BT IR 77 1) o A ) B AR A REAN Y B 8 kD S B
G MU RER) IEF B R . B, @ MR BRI 2, SRR SR, RIS 38 G A
TE NS SR 1A 12 1 96 RE FH IR U2 [23 ] EAh, BT IR R P SR A IR AR, AT Bh T BR 38 5 1l B RE 1)
KT Hef, $RTF i ik A [64].

GERE, B ZEREM LS 2 A A TR A S m R A AR T TR B . AR,
& UK AR R AEYIM R 2 W — 0 Al G, 29 ERTE ) 259038035 RE D FIRTT RO R a8 T, ACEN
TR (ISR) B PR AL AR VR 97 7 %E[27]

2.3.2. BRAATTRIEIRE

2P ERBE MG R N AR IR T — A NTF B, BEA IR SRISE M BB . i, 254k
B SC A BN (hybrid strategy), 3830 78 955 A8 A A kB %4 29 ) BRI SR S0 20, BROa/b T S e
B, SXFAIE T A S35 BT AR T 0 A8 SR S R 6 3 RE[65 ]« 1% SRS 7 5 24 75 16 16 3% (CHIP)
TR B BT R R AT 5

FERRIT AT ARG T S AYERE R S G TYRP R UM B BEDRVR Y7 v iE e 25 PR 2 S R 3
FERLEE, PRI VLR AT R, Bk ISR K. T40 A T WA Bh 25 M sk 3E 4 Jyishi%
WAk, (R RO R E AN E Y, I B R AR A s

ZHIGIT G T AEREE . FEPNRYT . TUIIRIEIT LOC 2R E AR, nlRet— P FEIK ISR A%,
ERETE[38]. 20T, 20 RIRE EAE PG ATRIT 12 SR 2okt , BN AR R AR SRR
FEARA A IETT 7 ZE[66] 0 X BRI A TR YT HEIE IR A K S48 A T A% (1) 0K 58 Ik HEAD £ 6.

2.33. IRFREZ ARk . BRERSRKRE

FRUEZIERBELE NG IR FR N H 2532, (HHGEROE T B A MR G 97 77 R i e U3 T I i 2 Bk
Mo —U7TH, BRZ KB, KL o I PR A BR ) T AR S A A R R R A T R [67]-
[69]. AL, FFREEEHLNS RGN st 7T, AR SR, BN 4RI E AT 5%

A, REEIGFHEARBARRUEZAYEREIR TSR M E R R ERIERAR . WRER. Kb
B FETW, WFTFAITEATE NI ERAR, DR PR, ARG RINZ[70][71]. W&
I RS R R AR (L, 29 ERFE M B 2 VAT 2ok it — B3 7t .

IbAh, BEEIRTT RIS IR R MO AW BR B E AR B S R 7B . Biltn, K29k S L]
Bee A SR EIORT B B % 9IRS A, PTRERE— D3R THATT AR A K A @ I ). AR, ARE MR AER
RINGREIHETT R A & KRB, RERSOVHES VR REEOR T2 B B EH T . L ss
WIFIH AR HE B OE IR R IR, 32 a7 O ER, R BERAR 35 B R0 PR FH A RISEAL, -

A 6 N — AR 2Pk 98 57 FH 22 4 5 S il 7 S A A AR (M 25 08B B R, (D 98 i Sl R g i 1 28
RERZBEIT: pH BURB AR R RAATR - B 2 B REYI(His-PEG)ENIRZHEAT, i fR1E IEH I
EHR(pH 7.4) T RE G E, BB 2PLATIEE . TEPEA(ROS) WM ATIE 2% . 7E3R 2 5\ & Bk
IR R] R SR G D (D SR = T RE BRI - RS IR, TERR “REZh - HLR” XUIIREWNE . 24 /NI 254
BRI T IA 85%, W3 m TAEFAAE T 12%. SAEAMRER K : TEIRJE R, CXCRS Z A4
MK CTCE-9908), &5 HIiREXT THP-1 S RGN [ RoR e & 3.2 £, H s xd IE % A W
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MA%,

BRI RN MY . @ AL T IE G RN, IR E SRR S M 9K - Rt Ba
TR = ATAEAG AR A BEBRATG AL T AR 35%, RIS 338 PTX MIBIERCR . AW S g2k SRR Z
L 0038 B BGS TR 21 K T (PDA-FCNDs) T N IR IR 410y, HZ5WBERCRIETE 2.1 1, HORWUZE SR M
EEERINUISIT . O KA B 5 R A SRRy Bl 7122 iit: SRA “ PRI - 18 2R XL
FHZRGE: A RO o U8 PR R DG B B 11 300 o R A o i s B 1 - A2 2590 73 1 L ke 2 R 2E 141 (DOPA),
SR ZGAENR AL HR AL i B I 1) il Rt T AUE LG ERFE AT SEHL “ SORE WO B L - £54K
BRbE o - KACREHEREZS” (P FIFER, A B m™ B S A AR (36 7 8

ER PR, e vl PR S h Bk AR B2 T T P R A, BARIRIREE AT BURTE® . LU A
ARETR, RGERI SRR R, HESh IR BERORAE SR A Fp R S P 2 B [671-[701.

3. &g

ZWIERBEAT IR YT SR A BB AR (ISR — R B3R T By, I ARoRAE I PR BR P R BIL Y 2 25 R ie AL 9
FL3E L = 0 i ROSAR GUE T 254, A R I A R A I B A, T 28 AR T AR I R A R 3K
— WU G 1A% GEie T v 22 RSO BN T R SR Ak S A U, 3 isi/b T B8 o UL /MR
YT HRRES, SR TR R R A VERI 32k . 2 UK AR T AN BE AL TR 6 45 S 475 25 WD BR B AE 50 i IR
iR IRIAE R, O ISR BBE TR At T SOV B AR AR T L HE .

PPV ERFESR IR FEARIL T 9 N IENR S A v T AN WTIE SR . 24 BT AT 7t AR TR AR 25)
BEURARAL . BREEFDRL B0t DL 25 A 2B A8 b AR RNV EZE . HinE R AT
AW RO B VRS TR (8] S5 05 T A7 A — € 225, 1K T AR A TR iR )T R AR e 25—
fIFEIR. R, ZREBUA RS T, MR 25 Y BREE IR TT SN TE REI A2 AN A B3 19 BELRF AR AT I PR 5
Ko RKBFFERLHE— IRV U 45 5 B AL T 5. AR S DAL A JRREIR L, 8 AR T 7
%, PLSEPLER T RO /N BIE F A6

ERERNIR, Z9WIEREEAENIGTT SR A PSR VA T B CAEIRIR EIUE T4 ABE H S KRR
(K0 e T 1o S 3 EEHT A 2 MR R s RS TR 9T SR A B S MR T 7 SN 5e ¥, 1871 ISR
B R ITUE AAETE  E.

SE

[1] Kawai, K., Virmani, R. and Finn, A.V. (2022) In-Stent Restenosis. Interventional Cardiology Clinics, 11, 429-443.
https://doi.org/10.1016/j.iccl.2022.02.005

[2] Sartore, L., Gitto, M., Oliva, A., Kakizaki, R., Mehran, R., Réber, L., ef al. (2024) Recent Advances in the Treatment of
Coronary In-Stent Restenosis. Reviews in Cardiovascular Medicine, 25, Article 433.
https://doi.org/10.31083/j.rcm2512433

[3] Zhu, G., Wang, S., Liu, Z., Gu, S., Chen, F. and Zang, W. (2025) Chlorogenic Acid-Strontium-Containing Dual-
Functional Bioresorbable External Stent Suppresses Venous Graft Restenosis via Hippo-YAP Signaling Pathway.
Journal of Functional Biomaterials, 16, Article 259. https://doi.org/10.3390/jtb16070259

[4] Chen, Q., Sun, S., Shi, Z., Wang, L., Wang, Y., Zheng, A., et al. (2025) Novel Roles of Nrf3-Trim5 Axis in Vascular
Smooth Muscle Cell Dysfunctions and Neointimal Hyperplasia. Cardiovascular Research, 121, 1282-1298.
https://doi.org/10.1093/cvr/cvaf084

[S] Wierer, M., Werner, J., Wobst, J., Kastrati, A., Cepele, G., Aherrahrou, R., ef al. (2021) A Proteomic Atlas of the Neo-
intima Identifies Novel Druggable Targets for Preventive Therapy. European Heart Journal, 42, 1773-1785.
https://doi.org/10.1093/eurheartj/chab140

[6] Kulyassa, P.M., Németh, B.T., Hizoh, L., Janko, L.K., Ruzsa, Z., Jambrik, Z., et al. (2025) The Design and Feasibility of
Optimal Treatment for Coronary Drug-Eluting Stent In-Stent Restenosis (OPEN-ISR)—A Prospective, Randomised,
Multicentre Clinical Trial. Journal of Personalized Medicine, 15, Article 60. https://doi.org/10.3390/jpm15020060

[71 Oli, P.R., Shrestha, D.B., Dawadi, S., Poudel, S., Ali, F., Shtembari, J., et al. (2025) Comparison of Different PCI

DOI: 10.12677/acm.2026.161057 419 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.161057
https://doi.org/10.1016/j.iccl.2022.02.005
https://doi.org/10.31083/j.rcm2512433
https://doi.org/10.3390/jfb16070259
https://doi.org/10.1093/cvr/cvaf084
https://doi.org/10.1093/eurheartj/ehab140
https://doi.org/10.3390/jpm15020060

MA, A

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Strategies for Coronary DES In-Stent Restenosis: A Bayesian Network Meta-Analysis. Journal of the Society for Car-
diovascular Angiography & Interventions, 4, Article 102428. https://doi.org/10.1016/j.jscai.2024.102428

Cuesta, J., Pérez-Vizcayno, M.J., Garcia del Blanco, B., Bosa, F., Pérez de Prado, A., Rumoroso, J.R., et al. (2024) Long-
Term Results of Bioresorbable Vascular Scaffolds in Patients with In-Stent Restenosis: The RIBS VI Stud. JACC:
Cardiovascular Interventions, 17, 1825-1836. https://doi.org/10.1016/].jcin.2024.05.038

Sikora-Jasinska, M., Morath, L.M., Kwesiga, M.P., Plank, M.E., Nelson, A.L., Oliver, A.A., et al. (2022) In-Vivo Eval-
uation of Molybdenum as Bioabsorbable Stent Candidate. Bioactive Materials, 14,262-271.
https://doi.org/10.1016/j.bioactmat.2021.11.005

Gasecka, A., Pindlowski, P., Szczerba, M., Zimodro, J.M., Blazejowska, E., Pietrasik, A., et al. (2025) Drug-Coated
Balloons in Percutaneous Coronary Interventions: Existing Evidence and Emerging Hopes. Cardiology Journal, 32,308-
320. https://doi.org/10.5603/cj.101393

Chioncel, V., Gherasie, F., Iancu, A. and Avram, A. (2025) Coronary Angioplasty with Drug-Coated Balloons: Pharma-
cological Foundations, Clinical Efficacy, and Future Directions. Medicina, 61, Article 1470.
https://doi.org/10.3390/medicina61081470

Mitsutake, Y., Konishi, A., Shiba, T., Ito, T., Ho, M. and Shirato, H. (2021) Differences in Clinical Outcomes between
Pre- and Post-Marketing Clinical Study Following Paclitaxel-Coated Balloon Catheter Treatment for Coronary In-Stent
Restenosis: From the Japanese Regulatory Viewpoint. Heart and Vessels, 36, 155-162.
https://doi.org/10.1007/s00380-020-01676-z

Galli, S., Troiano, S., Tespili, M., Ielasi, A., Niccoli, G., Sommariva, L., et al. (2021) Results of Paclitaxel-Drug-Coated
Balloons (Pantera Lux) for Coronary In-Stent Restenosis: Italian Experience from Registry of Paclitaxel Eluting Balloon
in ISR Study. Journal of Cardiovascular Medicine, 22, 469-477. https://doi.org/10.2459/jcm.0000000000001127

Cai, X., Zhou, S., Cai, X., Gao, L., Tian, F., Jing, J., et al. (2023) Comparing the Efficacy and Safety of Two Different
Drug-Coated Balloons in In-Stent Restenosis: Two-Year Clinical Outcomes of the RESTORE ISR China Randomized
Trial. Journal of Cardiology, 81, 76-82. https://doi.org/10.1016/].jjcc.2022.08.014

Giacoppo, D., Alfonso, F., Xu, B., Claessen, B.E.P.M., Adriaenssens, T., Jensen, C., et al. (2020) Drug-Coated Balloon
Angioplasty versus Drug-Eluting Stent Implantation in Patients with Coronary Stent Restenosis. Journal of the American
College of Cardiology, 75, 2664-2678. https://doi.org/10.1016/j.jacc.2020.04.006

Gherasie, F.A., Ciomag lanula, R. and Gherasie, L. (2025) Drug-Coated Balloon PCI in Different Plaque Morphologies:
A Narrative Review. Biomedicines, 13, Article 1472. https://doi.org/10.3390/biomedicines13061472

Matteucci, A., Benedetto, D., Bonanni, M., Massaro, G., Russo, D., Russo, G., et al. (2023) Rationale and Design of the
Sirolimus Eluting Balloon Utilization for Treatment of Vasculogenic Erectile Dysfunction: The SUASION Registry.
Minerva Cardiology and Angiology, 71, 349-358. https://doi.org/10.23736/s2724-5683.22.06039-2

Cao, Z., Li, J., Fang, Z., Feierkaiti, Y., Zheng, X. and Jiang, X. (2022) The Factors Influencing the Efficiency of Drug-
Coated Balloons. Frontiers in Cardiovascular Medicine, 9, Article 947776. https://doi.org/10.3389/fcvm.2022.947776

Han, Y., Yuan, X., Wang, W., Wang, N., Zhang, Y., Jing, J., et al. (2024) Clinical Significance of Optical Coherence
Tomography-Guided Percutaneous Coronary Intervention for In-Stent Restenosis within Drug-Eluting Stents: Impact on
Patient Outcomes. Journal of the American Heart Association, 13, €033954. https://doi.org/10.1161/jaha.123.033954

Pradhan, A., Roy, S., Chaudhary, G., Vishwakarma, P., Chandra, S. and Hasibuzzaman, M.A. (2023) A Tale of Two in
Stent Restenosis in Same Patient: Surprising Findings from Optical Coherence Tomography. Clinical Case Reports, 11,
€8222. https://doi.org/10.1002/ccr3.8222

Saboe, A., Upadhya, C., Finn, A. and Basavarajaiah, S. (2025) Coronary Artery Aneurysm Post Drug-Coated Balloon
Angioplasty. JACC: Case Reports, 30, Article 103891. https://doi.org/10.1016/j.jaccas.2025.103891

Tran, A. and Dear, A.E. (2025) Advances in Drug-Eluting Angioplasty Balloon Coatings, Clinical Implications and
Future Directions: A Mini Review. Current Vascular Pharmacology, 23, 33-42.
https://doi.org/10.2174/0115701611369472250526044344

Ng, J.C.K., Toong, D.W.Y., Ow, V., Chaw, S.Y., Toh, H., Wong, P.E.H., et al. (2022) Progress in Drug-Delivery Sys-
tems in Cardiovascular Applications: Stents, Balloons and Nanoencapsulation. Nanomedicine, 17, 325-347.
https://doi.org/10.2217/nnm-2021-0288

Shazly, T., Eberth, J.F., Kostelnik, C.J., Uline, M.J., Chitalia, V.C., Spinale, F.G., et al. (2024) Hydrophilic Coating
Microstructure Mediates Acute Drug Transfer in Drug-Coated Balloon Therapy. ACS Applied Bio Materials, 7, 3041-
3049. https:/doi.org/10.1021/acsabm.4c00080

Zhao, J., Jia, F., Li, J., Tao, Y., Hu, J., Ren, K., et al. (2025) Sprayable Reactive Oxygen Species-Responsive Hydrogel
Coatings Restore Endothelial Barrier Integrity for Functional Vascular Healing. ACS Nano, 19, 21757-21774.
https://doi.org/10.1021/acsnano.5¢05477

Lee, K., Lee, J., Lee, S.G., Park, S., Yang, D.S., Lee, J., ef al. (2020) Microneedle Drug Eluting Balloon for Enhanced

DOI: 10.12677/acm.2026.161057 420 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.161057
https://doi.org/10.1016/j.jscai.2024.102428
https://doi.org/10.1016/j.jcin.2024.05.038
https://doi.org/10.1016/j.bioactmat.2021.11.005
https://doi.org/10.5603/cj.101393
https://doi.org/10.3390/medicina61081470
https://doi.org/10.1007/s00380-020-01676-z
https://doi.org/10.2459/jcm.0000000000001127
https://doi.org/10.1016/j.jjcc.2022.08.014
https://doi.org/10.1016/j.jacc.2020.04.006
https://doi.org/10.3390/biomedicines13061472
https://doi.org/10.23736/s2724-5683.22.06039-2
https://doi.org/10.3389/fcvm.2022.947776
https://doi.org/10.1161/jaha.123.033954
https://doi.org/10.1002/ccr3.8222
https://doi.org/10.1016/j.jaccas.2025.103891
https://doi.org/10.2174/0115701611369472250526044344
https://doi.org/10.2217/nnm-2021-0288
https://doi.org/10.1021/acsabm.4c00080
https://doi.org/10.1021/acsnano.5c05477

MA%,

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[39]

[40]

[41]

[42]

[43]

[44]

Drug Delivery to Vascular Tissue. Journal of Controlled Release, 321, 174-183.
https://doi.org/10.1016/j.jconrel.2020.02.012

Zhang, X., Cheng, Y., Liu, R. and Zhao, Y. (2022) Globefish-Inspired Balloon Catheter with Intelligent Microneedle
Coating for Endovascular Drug Delivery. Advanced Science, 9, €2204497. https://doi.org/10.1002/advs.202204497

Hong, S. and Hong, M. (2022) Drug-Eluting Stents for the Treatment of Coronary Artery Disease: A Review of Recent
Advances. Expert Opinion on Drug Delivery, 19, 269-280. https://doi.org/10.1080/17425247.2022.2044784

Moumneh, M.B., Jamil, Y., Nanna, M.G. and Damluji, A.A. (2025) Drug-Coated Balloons for Coronary Artery Disease:
From Theory to Practice. Current Treatment Options in Cardiovascular Medicine, 27, e10370.
https://doi.org/10.1007/s11936-025-01084-4

Shazly, T., Torres, W.M., Secemsky, E.A., Chitalia, V.C., Jaffer, F.A. and Kolachalama, V.B. (2023) Understudied
Factors in Drug-Coated Balloon Design and Evaluation: A Biophysical Perspective. Bioengineering & Translational
Medicine, 8, €10370. https://doi.org/10.1002/btm2.10370

Guo, Z., Guo, J., Wu, S., Zhang, F., Gao, X. and Guo, L. (2024) Comparative Efficacy and Safety of Different Balloon
Angioplasty Procedures for Infrapopliteal Artery Lesions in Chronic Limb-Threatening Ischemia Patients: A Systematic
Review and Network Meta-Analysis. Journal of Endovascular Therapy.

https://doi.org/10.1177/15266028241292954

Jeger, R.V., Eccleshall, S., Wan Ahmad, W.A., ef al. (2020) Drug-Coated Balloons for Coronary Artery Disease: Third
Report of the International DCB Consensus Group. JACC: Cardiovascular Interventions, 13, 1391-1402.
https://doi.org/10.1016/j.jcin.2020.02.043

Giannopoulos, S., Kokkinidis, D.G., Jawaid, O., Behan, S., Hossain, P., Alvandi, B., ef al. (2020) Turbo-Power Laser
Atherectomy Combined with Drug-Coated Balloon Angioplasty Is Associated with Improved One-Year Outcomes for
the Treatment of Tosaka II and III Femoropopliteal In-Stent Restenosis. Cardiovascular Revascularization Medicine, 21,
771-778. https://doi.org/10.1016/j.carrev.2019.10.006

Stratakos, E., Antonini, L., Poletti, G., Berti, F., Tzafriri, A.R., Petrini, L., et al. (2023) Investigating Balloon-Vessel
Contact Pressure Patterns in Angioplasty: In Silico Insights for Drug-Coated Balloons. Annals of Biomedical Engineering,
51, 2908-2922. https://doi.org/10.1007/s10439-023-03359-y

Farsad, K., Novelli, P.M., Laing, C., Gandhi, R.T., Cynamon, J., Lopez, C.S., et al. (2024) Double-Balloon Catheter-
Mediated Transarterial Chemotherapy Delivery in a Swine Model: A Mechanism Recruiting the Vasa Vasorum for Lo-
calized Therapies. Journal of Vascular and Interventional Radiology, 35, 1043-1048.¢3.
https://doi.org/10.1016/j.jvir.2024.03.016

Zhang, D.M. and Chen, S. (2020) In-Stent Restenosis and a Drug-Coated Balloon: Insights from a Clinical Therapeutic
Strategy on Coronary Artery Diseases. Cardiology Research and Practice, 2020, 1-7.
https://doi.org/10.1155/2020/8104939

Li, M., Guo, C., Lv, Y.H., Zhang, M.B. and Wang, Z.L. (2019) Drug-Coated Balloon versus Drug-Eluting Stent in de
novo Small Coronary Vessel Disease: A Systematic Review and Meta-Analysis. Medicine (Baltimore), 98, €15622.

Wang, L., Li, X, Li, T, Liu, L., Wang, H. and Wang, C. (2023) Novel Application of Drug-Coated Balloons in Coronary
Heart Disease: A Narrative Review. Frontiers in Cardiovascular Medicine, 10, Article 1055274.
https://doi.org/10.3389/fcvm.2023.1055274

Gupta, A., Shrivastava, A., Dugal, J.S., Chhikara, S., Vijayvergiya, R., Singh, N., et al. (2024) Coronary Intravascular
Lithotripsy in Contemporary Practice: Challenges and Opportunities in Coronary Intervention. Therapeutic Advances in
Cardiovascular Disease, 18, Article 17539447241263444. https://doi.org/10.1177/17539447241263444

Brunt, E.M., Clouston, A.D., Goodman, Z., Guy, C., Kleiner, D.E., Lackner, C., ef al. (2022) Complexity of Ballooned
Hepatocyte Feature Recognition: Defining a Training Atlas for Artificial Intelligence-Based Imaging in NAFLD. Journal
of Hepatology, 76, 1030-1041. https://doi.org/10.1016/j.jhep.2022.01.011

Nagasaka, T., Amanai, S., Ishibashi, Y., Aihara, K., Ohyama, Y., Takama, N., et al. (2023) Drug-Coated Balloons for
the Treatment of Stent Edge Restenosis. Coronary Artery Disease, 34, 236-243.
https://doi.org/10.1097/mca.0000000000001235

Wang, G., Zhao, Q., Chen, Q., Zhang, X., Tian, L. and Zhang, X. (2019) Comparison of Drug-Eluting Balloon with
Repeat Drug-Eluting Stent for Recurrent Drug-Eluting Stent In-Stent Restenosis. Coronary Artery Disease, 30, 473-480.
https://doi.org/10.1097/mca.0000000000000784

Mahajan, N., Singal, G. and Sharma, M. (2025) Comparative Outcomes of Drug Eluting Stents and Drug Eluting Bal-
loons in Treating In-Stent Restenosis. Archives of Medical Science—Atherosclerotic Diseases, 10, 167-171.
https://doi.org/10.5114/amsad/210583

Wang, Q.H., Tang, C., Zhao, B., et al. (2025) Clinical Efficacy of Drug-Coated Balloon vs Plain Balloon in the Treatment
of Restenosis after Stenting of Femoropopliteal Artery Occlusive Disease with Complex Long Segment Combined with

DOI: 10.12677/acm.2026.161057 421 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.161057
https://doi.org/10.1016/j.jconrel.2020.02.012
https://doi.org/10.1002/advs.202204497
https://doi.org/10.1080/17425247.2022.2044784
https://doi.org/10.1007/s11936-025-01084-4
https://doi.org/10.1002/btm2.10370
https://doi.org/10.1177/15266028241292954
https://doi.org/10.1016/j.jcin.2020.02.043
https://doi.org/10.1016/j.carrev.2019.10.006
https://doi.org/10.1007/s10439-023-03359-y
https://doi.org/10.1016/j.jvir.2024.03.016
https://doi.org/10.1155/2020/8104939
https://doi.org/10.3389/fcvm.2023.1055274
https://doi.org/10.1177/17539447241263444
https://doi.org/10.1016/j.jhep.2022.01.011
https://doi.org/10.1097/mca.0000000000001235
https://doi.org/10.1097/mca.0000000000000784
https://doi.org/10.5114/amsad/210583

MA, A

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

Severe Calcification. National Medical Journal of China, 105, 1347-1354.

Sabina, M., Rivera-Martinez, J.C., Khanani, A., Rigdon, A., Owen, P. and Massaro, J. (2024) Drug-Coated Balloon
Angioplasty vs Plain Balloon Angioplasty in Patients with Coronary In-Stent Restenosis: A Systematic Review and
Meta-Analysis of Randomized Controlled Trials. Current Problems in Cardiology, 49, Article 102761.
https://doi.org/10.1016/j.cpcardiol.2024.102761

Guntipalli, M., Obi, O., Jeswin, T.M., Naidoo, R., Ghenai, M.A., Kansara, N., et al. (2025) Drug-Coated Balloons for
the Treatment of In-Stent Restenosis: An Updated Systematic Review and Meta-Analysis of Randomized Controlled
Trials. Annals of Medicine & Surgery, 87, 5165-5172. https://doi.org/10.1097/ms9.0000000000003496

von Koch, S., Zhou, M., Rosén, H.C., Zwackman, S., Jurga, J., Grimfjard, P., et al. (2024) Drug-Coated Balloons versus
Drug-Eluting Stents or Plain Old Balloon Angioplasty: A Long-Term In-Stent Restenosis Study. Journal of the American
Heart Association, 13, €036869. https://doi.org/10.1161/jaha.124.036839

Torsello, G., Stavroulakis, K., Brodmann, M., Micari, A., Tepe, G., Veroux, P., et al. (2020) Three-Year Sustained
Clinical Efficacy of Drug-Coated Balloon Angioplasty in a Real-World Femoropopliteal Cohort. Journal of
Endovascular Therapy, 27, 693-705. https://doi.org/10.1177/1526602820931477

Ansel, G.M., Brodmann, M., Rocha-Singh, K.J., Menk, J.S. and Zeller, T. (2024) Five-Year Safety and Effectiveness of
Paclitaxel Drug-Coated Balloons Alone or with Provisional Bare Metal Stenting for Real-World Femoropopliteal Le-
sions: IN.PACT Global Study Subgroup Analysis. Circulation: Cardiovascular Interventions, 17, €013084.
https://doi.org/10.1161/circinterventions.123.013084

Ray, S., Bandyopadhyay, S., Bhattacharjee, P., Mukherjee, P., Karmakar, S., Bose, P., et al. (2025) Drug-Coated Balloon
in Patients with In-Stent Restenosis: A Prospective Observational Study. Indian Heart Journal, 77, 105-109.
https://doi.org/10.1016/j.ihj.2025.03.003

Pleva, L., Kukla, P., Kovarnik, T. and Zapletalova, J. (2025) Comparing the Efficacy of Sirolimus and Paclitaxel-Eluting
Balloon Catheters in the Treatment of Coronary In-Stent Restenosis: A Prospective Randomized Study (TIS 2 Study).
Circulation: Cardiovascular Interventions, 18, €014677. https://doi.org/10.1161/circinterventions.124.014677

Liu, S., Zhou, Y., Shen, Z., Chen, H., Qiu, C., Fu, G, et al. (2023) A Randomized Comparison of 2 Different Drug-
Coated Balloons for In-Stent Restenosis. JACC: Cardiovascular Interventions, 16, 759-767.
https://doi.org/10.1016/j.jcin.2022.12.018

Katsouras, C.S., Tousis, A., Vasilagkos, G., Semertzioglou, A., Vratimos, A., Samara, ., et al. (2023) Safety and Efficacy
of an Innovative Everolimus-Coated Balloon in a Swine Coronary Artery Model. Life, 13, Article 2053.
https://doi.org/10.3390/1ife13102053

Krefting, J., Kriiger, N., Friess, C., Grifer, C., Schmieder, R., Starnecker, F., et al. (2025) Clinical Outcomes of Drug-
Coated Balloon vs. Second-Generation Drug-Eluting Stent for Coronary In-Stent Restenosis. Clinical Research in
Cardiology. https://doi.org/10.1007/s00392-025-02781-7

Mangner, N., Farah, A., Ohlow, M., Mobius-Winkler, S., Weilenmann, D., Woéhrle, J., et al. (2022) Safety and Efficacy
of Drug-Coated Balloons versus Drug-Eluting Stents in Acute Coronary Syndromes: A Prespecified Analysis of BAS-
KET-SMALL 2. Circulation: Cardiovascular Interventions, 15, €011325.
https://doi.org/10.1161/circinterventions.121.011325

Nunez-Castellanos, C.A., Esquinca-Morales, M.F., Beristain-Bolafios, M.C., De Ledn Avecilla, D.I., Aguirre-Ocafa,
J.S., Diaz-De-La-Cruz, O.Y., et al. (2024) Comparison of Safety and Efficacy of Femoropopliteal Arterial Disease Using
Different Dose Drug-Coated Balloons: Systematic Review and Meta-Analysis. Vascular.
https://doi.org/10.1177/17085381241307765

Kirtane, A.J., Shlofmitz, R., Moses, J., et al. (2025) Paclitaxel-Coated Balloon for the Treatment of Multilayer In-Stent
Restenosis: AGENT IDE Subgroup Analysis. Journal of the American College of Cardiology, 86, 502-511.

Ozpak, B. and Cayir, M.C. (2020) Drug-Eluting Balloon Treatment in Femoropopliteal In-Stent Restenosis of Different
Lengths. Turkish Journal of Thoracic and Cardiovascular Surgery, 28, 460-466.

Anantha-Narayanan, M., Love, K., Nagpal, S., Sheikh, A.B., Regan, C.J. and Mena-Hurtado, C. (2020) Safety and Effi-
cacy of Paclitaxel Drug-Coated Balloon in Femoropopliteal In-Stent Restenosis. Expert Review of Medical Devices, 17,
533-539. https://doi.org/10.1080/17434440.2020.1770593

Wang, X., Lu, W., Wang, X., Pan, L., Fu, W., Liu, Q., et al. (2020) Drug-Coated Balloon Angioplasty: Predicting Out-
comes Based on Different Patterns of Drug-Eluting Stent Restenosis. The International Journal of Cardiovascular Im-
aging, 36, 171-178. https://doi.org/10.1007/s10554-019-01681-y

Li, L., Tong, Z., Cui, S. and Guo, L. (2023) Debulking Plus Drug-Coated Balloon Angioplasty versus Drug-Coated
Balloon Angioplasty Alone for Femoropopliteal Tosaka III In-Stent Restenosis Lesions. Videosurgery and Other Mini-
invasive Techniques, 18, 166-172. https://doi.org/10.5114/wiitm.2022.119936

Suriyanto, M.G.R.1., Pranata, R., Kamarullah, W., Putra, I.C.S., Wahyudi, D.P., Karwiky, G., et al. (2024) The Efficacy

DOI: 10.12677/acm.2026.161057 422 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.161057
https://doi.org/10.1016/j.cpcardiol.2024.102761
https://doi.org/10.1097/ms9.0000000000003496
https://doi.org/10.1161/jaha.124.036839
https://doi.org/10.1177/1526602820931477
https://doi.org/10.1161/circinterventions.123.013084
https://doi.org/10.1016/j.ihj.2025.03.003
https://doi.org/10.1161/circinterventions.124.014677
https://doi.org/10.1016/j.jcin.2022.12.018
https://doi.org/10.3390/life13102053
https://doi.org/10.1007/s00392-025-02781-7
https://doi.org/10.1161/circinterventions.121.011325
https://doi.org/10.1177/17085381241307765
https://doi.org/10.1080/17434440.2020.1770593
https://doi.org/10.1007/s10554-019-01681-y
https://doi.org/10.5114/wiitm.2022.119936

MA%,

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(71]

and Safety of Atherectomy Combined with Drug-Coated Balloon Angioplasty vs. Drug-Coated Balloon Angioplasty for
the Treatment of Lower Extremity Artery Disease: A Systematic Review and Meta-Analysis. Frontiers in Cardiovascu-
lar Medicine, 11, Article 1472064 .https://doi.org/10.3389/fcvm.2024.1472064

Xie, H., Qiu, M., Li, X., Xiao, Y., Mu, Y., Wang, G., et al. (2024) Drug-Coated Balloon Angioplasty versus Drug-
Eluting Stent Implantation in ACS Patients with Different Angiographic Patterns of In-Stent Restenosis. International
Journal of Cardiology, 415, Article 132450. https://doi.org/10.1016/j.ijcard.2024.132450

Geith, M.A., Eckmann, J.D., Haspinger, D.C., Agrafiotis, E., Maier, D., Szabo, P., et al. (2020) Experimental and Math-
ematical Characterization of Coronary Polyamide-12 Balloon Catheter Membranes. PLOS ONE, 15, €0234340.
https://doi.org/10.1371/journal.pone.0234340

Somsen, Y.B.O., Rissanen, T.T., Hoek, R., Ris, T.H., Stuijfzand, W.J., Nap, A., et al. (2025) Application of Drug-Coated
Balloons in Complex High Risk and Indicated Percutaneous Coronary Interventions. Catheterization and Cardiovascu-
lar Interventions, 105, 494-516. https://doi.org/10.1002/ccd.31316

Tao, Y., Xiao, D., Chen, Y. and Liu, S. (2025) Therapeutic Applications of Drug Coated Balloons in Symptomatic
Intracranial Arterial Stenosis: Systematic Review and Quantitative Meta-Analysis. Journal of Neurolnterventional
Surgery. https://doi.org/10.1136/jnis-2024-022878

Nestelberger, T., Kaiser, C. and Jeger, R. (2020) Drug-Coated Balloons in Cardiovascular Disease: Benefits, Challenges,
and Clinical Applications. Expert Opinion on Drug Delivery, 17,201-211.
https://doi.org/10.1080/17425247.2020.1714590

Ge, J.B. and Chen, Y.D. (2024) Chinese Expert Consensus on the Clinical Application of Drug-Coated Balloon (2nd
Edition). Journal of Geriatric Cardiology, 21, 135-152.

Fujihara, M., Takahara, M., Soga, Y., lida, O., Kawasaki, D., Tomoi, Y., ef al. (2023) Application of First-Generation
High- and Low-Dose Drug-Coated Balloons to the Femoropopliteal Artery Disease: A Sub-Analysis of the POPCORN
Registry. CVIR Endovascular, 6, Article No. 41. https://doi.org/10.1186/s42155-023-00390-x

Jiang, X.L., Li, X.Y., Chen, B., et al. (2022) Application Value of Excimer Laser Ablation Combined with Drug-Coated
Balloon in Non-Stent Atherosclerotic Lesions of Lower Extremity Arteries. Chinese Journal of Surgery, 60, 1057-1062.

Qiao, G.Y., Jiang, X.L., Chen, B., et al. (2023) Application and Value of Intravascular Ultrasound for Excimer Laser
Ablation Combined with Drug-Coated Balloon in the Treatment of Lower Limb Arteriosclerotic Obliterans. Chinese
Journal of Surgery, 61, 150-155.

DOI: 10.12677/acm.2026.161057 423 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.161057
https://doi.org/10.3389/fcvm.2024.1472064
https://doi.org/10.1016/j.ijcard.2024.132450
https://doi.org/10.1371/journal.pone.0234340
https://doi.org/10.1002/ccd.31316
https://doi.org/10.1136/jnis-2024-022878
https://doi.org/10.1080/17425247.2020.1714590
https://doi.org/10.1186/s42155-023-00390-x

	药物球囊应用于支架内再狭窄患者临床疗效研究进展
	摘  要
	关键词
	Research Progress on Clinical Efficacy of Drug Balloon in Patients with in-Stent Restenosis
	Abstract
	Keywords
	1. 前言
	2. 正文
	2.1. 药物球囊的作用机制及技术特点
	2.1.1. 药物球囊的设计原理与药物递送机制
	2.1.2. 药物球囊与传统治疗方法的比较

	2.2. 药物球囊在支架内再狭窄患者中的临床疗效评价
	2.2.1. 临床试验数据综述
	2.2.2. 长期疗效与安全性分析
	2.2.3. 药物球囊的影响因素、局限性及对策

	2.3. 药物球囊应用的最新研究进展与未来展望
	2.3.1. 新型药物球囊材料与药物组合的研发
	2.3.2. 联合治疗策略的探索
	2.3.3. 临床应用中的挑战、解决方案与未来展望


	3. 结论
	参考文献

