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Abstract

Percutaneous coronary intervention (PCI) serves as one of the critical approaches in the manage-
ment of coronary artery disease, restoring coronary blood flow through mechanical intervention,
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particularly in patients who respond inadequately to medical therapy or exhibit disease progres-
sion. During this procedure, predilation of the target lesion represents a pivotal step that signifi-
cantly influences the success of the intervention. It not only creates favorable conditions for subse-
quent stent implantation or drug-coated balloon deployment but also directly impacts long-term
vascular prognosis and clinical outcomes. With continuous technological advancements, the range
of predilation techniques applied in clinical practice has become increasingly diverse. Beyond con-
ventional balloon modification techniques, a series of novel methods have been introduced for com-
plex lesions, such as calcified plaques and in-stent restenosis. Rotational atherectomy ablates calci-
fied plaque using a high-speed rotating burr; orbital atherectomy further enhances maneuverabil-
ity and safety; while intravascular lithotripsy safely fractures deep calcifications via shockwave en-
ergy, offering an additional option for treating severely calcified lesions. Furthermore, the wide-
spread adoption of intravascular imaging plays an essential role in ensuring precise and successful
interventions. This review focuses on these techniques and related intravascular imaging modali-
ties, aiming to provide insights for clinical strategy selection.
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1. 5|

SR B0 Bk B AL RS Ak % 50 U975 (atherosclerotic cardiovascular disease, ASCVD)— L& R A\ 25 3 Bk
iz —, AULE 2023 4, FRE O B ABUE 1139 71, HABATREEE E TR BE[1]. 4 IR B kA
AT (percutaneous coronary intervention, PCI)/E Jy5e Lo (B 20T B, T4 40 REERRE, CHEAF]
DUB— 254355 i S 4 (drug-eluting stent, DES) N F IR, it — D o035 S48 P TR AR ) i, T 26405
WIT RS “ LRSS ” , BNZ54i% 25k % (drug coated balloon, DCB). A4 Al Wi 57 42 (bioresorbable
scaffold, BRS) [2]. #ATfi, iy PCI SEBSHGEATT (1) — A inl {1, AR 2 AR M AL HE . R (1) A il 7,
A JE B3 AR ECE DCB BN e A ORER, 0 5 B UG BLHEAH C[3] [4]. BB AR R R AR
HEEE, FUAEHR) T R AR, MU S S EREBIEAR, A RSN K€ B A (rotational
atherectomy, RA). #LI& JiE & A (orbital atherectomy, OA). Il P4 47 A (intravascular lithotripsy, IVL).
I3 FBOGCHEHLE AR (excimer laser coronary atherectomy, ELCA)&5E & M AR AT fitik ££[5]. 7E4H B4R T
Wb PR SR A i N S AG 2 T, BR T AR G LA Y B 75 (intravascular ultrasound, 1IVUS). 62740 T W7 J2 14
(optical coherence tomography, OCT)#k, I 441k (near-infrared spectroscopy, NIRS)/E T LE4E B AE I R -
BAAFRN T NH6] [7]. ASCH BT E S 7, PR IVUS 48 S 5507 T T SRR, B EXT I
IR AR — € NS

2. FALERIEN
2.1. AIRY PCI MR

FAE BRI, BTN S4Bk ¥ 5K K (plain old balloon angioplasty, POBA) 3 i X 14
BHATIRIT IR BRI R & . R, 4RI NGITIAR, MEEE R0 IGR A, 7FZEdT
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2 [ IR BNk NG YT (percutaneous coronary intervention, PCIINF, $HFG R ML T Rk, (BB
Tl SRS FR R 1 FRALFE A = [ 2] [8] [9] -

BT BRI SRS o I, AR X R SRS AT A AE K A DN T 8O e Ik &7 45 Dh RE 2 4. =3
JORE S 5| I I B Ml 25 SR AR A [10] o ZE 4 T W S 42 (bioresorbable scaffold, BRS) ) H By i i S ik
SRAE TR AR B . SR 7T R BRS BT SOFASEIAR[11]-[13]. BEJEfem e, HEREER
JiR PRI AT g2 A A Bl “PSP” BRI, B 7S5 BTk (Pre-dilatation) . £3& (1932 22 )] sf (Proper sizing) &
XK J5 9 ik (Post-dilatation) [14]. 758 J LI 78 366tk - FF & () ABSORB IV 78405 F& T M0 BN 1E L FE,
iz S R B NGB [15]. R R B HEREE BRS BRI A BRTE/M B AR 101 (OBRFESCHE, o e s
WOLH R SFIEERFEROR 78 0 THAL R, A1 AL RS R AR < 40%, H O WUBEBEIE A2 16 77 358 (thrombo-
lysis in myocardial infarction, TIMI) LI 70X E) 11 2%, DAHRARIE S48 RPN BE R T R0, X —4s
#Et = T DES B AT R [14].

PR TN AR 258 2 BR 2E (drug coated balloon, DCB) 3% . 5 DES ASfE )&,
I B R ER RS TR AT AT 245409503 a2k I B R HE AN S LR 2GS R AR, TN B R A B
[16]. /& M H AT 745 FokE, DCB %4 1A% DES (RS s S brE[17]. {H)E, DCB HEHSA
HEFEAE A A SR e O A8 ) o B R, R “ oM B 34849 3006 A8 R P OB A4 i
KR A AT AL R, FRAR T PR ML IS B (R LA XU [18] . %5 T DCB HA & R Bz LA, A
ARG IR AR AT, BRI TACERER T B R, RN, RH] DCB SEHgAHE T DES AA &
B RA (S Z[19]. H ATH8 47 DCB R JBUHT 75 B I 2 C B LLN JZ TIMI L4 ek 21 11 4%
FRAPE < 30% =25 B3R [8].

2.2. ®MBENTRE

F3 B ek O AR TRAC B AR B ORI PCIVRYT BRIN I SGHEIA T, LA By th B2 i £ 3 Tl J (1 1
o —TUERXF ISR P A2 1 BT E P BAFU I FUIUE 32, FACHE IS 15k R A 5 2 4F N TLF AU 2 3 A G (HR 2.15,
95% Cl1 1.86~2.48, P <0.001) [20]. X — K IMLE A Iw A H [FFE&E H, H A — 0 Ao [l P 78 27
BEHLAAfif > 58.5%& DCB-PCI A5 TLF [)5% /) fa i & (HR 7.59, P < 0.01) [21]. Ub4h, /NIRRT
[ SLBABA Tt — 4R, 4 POBA TiAbEE 5 (8 IE 3R E S 12 /AN A B TLR XU AHOG(HR 0.93, 95%
C10.90~0.96) [4]. 2 [y HTAEPEBN S F T BE 2% M BEVETIE, $ 5 PR ali Ak B 5 1P A4 AH L, DCB ™
ik Ji ) 5 B IR 43 #(quantitative flow ratio, QFR) 5 1 1M1 5 ] &2 A 2% 4 (vascular-oriented composite end-
point, VOCE) B.AG B i 3 HUAH G, i T TRUAR R Dy di 44 &5 SR P B (1 R A P M AV [3]

3. HHTAEERRE
3.1 BREEiH

FETAERINLE], P IRTE W] R 73 R HEE ) SRR S R )RR R K [22] . JEE ) SR AT BRFE, AT
8 4 2 5 1 3K 2E (semi-compliant balloons, SC)-5 3E i 4 3k & (noncompliant balloons, NC), 5 H#x M
72 . SC BREEM) EATBE A T m M A5k, & T A BRR T sl 4T 4 . SR, AR R AR P,
SC ¥kF 5= “HEk” MG, FEURLY KAL. I, f2iAF] 20~24 atm TAEE 71 NC BREERH
— P R T R R, TREIRMEE SR AN B 5K . A, NC BRIELE L3 ™ =85 405 A2 I 475 AT e L
A TRAA, XFT OCT FA5IK >180° HE4 NC ERFEFRAL RS AI R KA R AL, A 28 @it — BT,
HWE[5]. HAE RS, NC HREH IR EMRE T ZLME, FFAREY, £ RA B HBRERY
ik, RERE R EER S ARG ST BUf mEHr4:n /8 (OR 0.23, 95% Cl 0.05~0.85, P = 0.028), LI AT fE 2
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BREETRSCHT I T AN 5, ANTTTIR/D 1 e B8 7= A 3 8 1 [23]

JE R AERIR T F SRR IR S R BREE, HRMA RN R E TR, A 547
“UIED” o BREBRFLEEEIVEE e 2 AR . WEICUESE, FLTUAR B S ) R T AR A S S AR Tk AR A
PR T4 40 SC BR¥E[24]. B 11— 150 OCT BEALXT HEWE 7 B BE T 5 ARIX PN AL RS BRTE B3 Ak
B EL A8 F A 25 N 54107 24(68.0% vs. 38.4%, P = 0.035) [25]. 4R, JLAltk i1 Sk b %o AT 42 22 4 1k (4 )
i, LR )R AN 22 2IBRH, Yu Sugawara 25 A7E—Ti45 & OCT HIRFFEH g1, 565 um KI45(L
J5JE S TR MR 8 BRIERE 75 A T 7K 1 < B S (AUC 0.928, 95% CI 0.887~0.968) [26]. HILLZ T, ¥I#IER
Feilid 3~4 MR ) SEILTE s R R B IE], AR AR ) P IR L. 2T AL E T T H
ELER ) TRAL BE R DR 5 K W Im AR SR 7 [22] [27] [28]. IEAEHEATHI— 0 & 7E VP4l Wolverine DIFIEREA f5—
SR A VEANTT U B o BE AL FREG,  BURR I — 2D SR IR B S H ARJAIE 35 45 2% (Clinical Trials.gov ID:
NCT06177808). %A, VIEIBRFE MG EHMIRIREE, T EEHT 0.4 mm siE AR, AN
FHRITIAL B ACR A [29] . (H I ATVE R AEBRFEE AR A R 7R, a0, (EJE B J5 8 D15 BRIEAT 5 2
ok, RERAG UL G EREE T K s 1 25 (1.57 £ 0.46 mm vs. 1.10 + 0.40 mm, P <0.001), JfF#{Eiz 1] MACE
FAF[30]. DAVEAG R, I RAETIERIE IR RE )7t A BE RS . — T 7 AR D) BBk BBy PCL R
rh R Rk 28 LI IR ST G R R R (4% vs. 1%, P < 0.001). K, AR 4078 70 vPAl HiE R (1 3 2 5 2 FLXUS:
[31].

3.2. ERBNBKBERIEEAR

SEL IR 2 fik B B e B AR (rotational atherectomy, RA)SE — i PRI L 48 1 e B Sk, ISk S 2233 N7
Jik X995 A2 HEAT v 38 1h(140,000~220,000 rpm) A, FLHLHITE T B B IR A Ak 2H 20, [R] I IT
FAVEAZA[32] AEITROTH, BEALR W] RA AR T V) HIBRZERE /D T RIS M FE A &, IFEICE IR
B 42 [33]. PREPARE-CALC B RIS A E 8 T RA 1E4F XUR AL S HIT AL, i fie H 3L
WML A2 5 R A AR (6.4% vs. 14.2%, P = 0.038) [34]. 4R, T Hm )7 R4 41, ROTAXUS i
56 5on RA B A 5 K RIZ % I35 45(1.56 + 0.43 vs. 1.44 £ 0.49 mm, P = 0.01), {H9 MHEEEERBE
K(0.44 +0.58 vs. 0.31 + 0.52, P = 0.04) [35]. 7 —DfEE £ .0t 745 R AR, RA 45 ERIEE
H2 1Al 9 AN H TLF 5257 (8% vs. 6%, P = 0.78), RA (K3 I3k 25 5l 75 5 ZAEYE S HF[36]. 7E 4451,
RA FE NG EFE LI kgL, PUCEMEOERE S, FARW, LERNKTRES RA B ML/
BRIE R A i K [37]. A WAMRIRHRIR, 76 CRIUEST 20 AT 32 NS 2 PR AR i 3 5 T 93/ AR T Bk [38]
UbAh, 1E RA IR, SR ERFEFSCH R AR BA TR o, W nT Be b W oSk i e iR 23] 5
— 5T, PR TE K 2 FLRUSE, R B R R BT VE A% DA 58 A SR s I B L AR B, 7E Zhanru Qi 58 A1
AT, bk RA 3R 2R AR E TiHRIME RA (22.4% vs. 6.5%, P = 0.001) [39]. #:T 1, Sean
Fitzgerald 5 A %4 ROTAXUS 1 PREPARE-CALC ¥l #2H 7 RA RATIEMEHIAL, HEHBRALKE > 20
mm. EHEA . 5 3ORAE . R E AL AT RA TN 5 [40]. GRS “ IR e AR
S NP FLACM R 1) 55— P2, RVASRE e B Sk 56 42 o i i Ad dze o, (R 7 S LA A0 B ok B e T
i, PRI 22 A s il — R 3R [41]

3.3. FLEREEAR

BLIE T % R (orbital atherectomy, OA)BAL Y — FiRF IR H R BOAR , HAZOAE TR A Lo e % Sk, 1%
THREAE T R R T AR RSBk A, B bR FRRTE R, (RIS R A B T A e R
ToRE gk, T 7B REVR[S]. SR, Hezz ekl — e, 59 ORBIT I B FTIESE 197
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R, ARG K ZF FLA Rk 12%. 22 IR EVER FE 3 s A OA LXK = T~ RA[42]. FVE . FTHETE 1)
ORBIT Il FFFL R IR AN A 45 5, 443 47 A5 Ak A8 R AN 1.8%1) 2 FLR A 2R [43] . 53— Tkt b
RA 1 OA JT RIS AL FIFE om, KRGk LR AR T E 2R, RELERIMS K 8 A MACE
FHURAERBLYEZE R, XSS R 27805 OA i 4560 HRSHER B (R <5 LR A 55 [44] . BIKE R E
FR)— 30 RFAS B WV K 24T B AR BEHL G BT 5% (Clinical Trials.gov ID: NCT03021577), & 7EXT Lt OA 5 RA
XF KGR R, HAE T RE N OA W Vit — k. KT OA BT AL, ik HhEHRAAE—
EAr L. —IRAFIRE TS R, OA REEEIS IVL AL FUACER R, WAL 2 22 NTHFL J 2.4 4 TLF K
AR PTG FER[45]. SR, AT BREE L ECLIPSE £ OB HURIG S T ARS8
7 1008 &, OA 4 14 TLF KAEZFN 11.5%, KK L 5ERFEBIG RIS LA N 1.16, RERHE
ERFH . BT, ECLIPSE iRIG A HEE K 34 T ERFE M5 (21 SRSy DES AN RU B i%[46]. OA BE
TN BFH TG W R VIR, AT 5 2 = T WIS TR S R 7 DAIE S

3.4. MEAHEAR

I A AR (intravascular lithotripsy, IVL)AEHLE] E X 5 T4 SEER I NS T, e it & 5w
R P PR A0k, AE T I YIRS 2 i RS AL R, L AR SR, X R A R R S A
BMAROR, & FAth I 9 h s D # F B AR ME LLEL R [47]. LA Shockwave BRFENARE W IVL, Haesth
A R 3K 2 TR EE ST, 7 55 55 405 4003 728 v R IO bk 1) i SR AR R 0 SR 2R S AL IR AT T
FEREAT 245 5 T AR [R][48]-[50] . JT4ESR, [H = 28tkin Vesscrack. Sonico-CX Z57E HUE 7 Hp R on i R
UFRT 5, (A3 Shockwave Sk XS Sk U MR 25 H, 72805 AV 58 ZUE 8 SCFF[51] [52]

12 IVL W PR R A 2 T, R HAE AR UST ,  HBREERST R B0 2 v 7 s s e. —
T OCT MEMERFFLIEH, K 1:1 BIREE/Z % MF LT IVL TUREE, BEARES bR FE s sl
T B I AR A3 [50] o SRTT, WA B K SLRHMERAE IVL 500 NC BREEBEIT IF 33K, DAISR A5 8 s
0, RUEAE \VL J5 215 7 B8 NC BRIEIX — il 1 A7 AE 4+, (HARER IVL BRIE [ R 45 b BE A2 5% 05 B 70
e A [ 3 A 5 [53]

3.5. MESFRICHERIEHA

YEE 73T BRE B i R (excimer laser coronary atherectomy, ELCA)IE I Y642, e #h A e WU RN T
TPEH: mREEAME E WA S T, SR A RTHR AU R A REIE A AVRAN, K S A EE
B0 TUARPHZE Loy [54] . B T W BRBEHRIFE AL AL, ELCA U8 S BEHLE IR o2, A i AL 2
7 ELCA JEBEI LT AR BOR TN ZEFILHTTT, Satoru Sasaki <5 ARG, Db s ik 2 £L X,
R, A& ALK IB-IVUS 4% X I 386 K, 1B ELCA RUR 2 ik B i L AR HE[55] . ELCA £
Gt b9l T AL B IR B Bk Y IR LU R T BLA [56]. FEEH AL, 75 ISR, 4P kA &5 ml
PR B 22 AR U [57] [58]. 2R1fT, X AL, HE R HAHEYE, X EEIE TR RS
LA 33 A BT S BRI [59] i3] ROLLER COASTR-EPIC22 BEAL HEHF 77t [F] BEIE 52X —
WS, LA, ELCA MR SCEENTHA(G.1 £ 1.8 mmA)AKAEIAE| RA (5.5 2.1 mmd)5 IVL (5.4 +
1.8 mm2)AEL bnite, HI7 RHXT A PR[60]. 7E2 47T, STk E Phillips 2 & RS SEIG TR,
LKA L, REMPEMNLL ELCA RIGNZITEN SRR AR BERN, R ELCAERE S
J& 22 L AE A AR [61]. RUEAEAE BIRRIR, 7EBRFREUE B k3 Tovdid AR i 8, ELCA RIH By
(T AL, TE T8 BN A NG B2 & RA 1 “Hfrie” SRS, AN —MaIME R &% T R
[62] [63].
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3.6. REREFSZFMNE

WA FONTL 5 S = H EEBE 2019 4F % 2022 455 O B A e SR AT e it RIARL A
PO = T H ARSI R, EE SRR H HSZE A NIRIT ARG [64] o FE 41T BR AR ST 5 T,
Pl m E R, PRAREE RS . $RTFERIT R, (Rl AR o & U il 2 SR 65] . Rtk 76
e KPR AR AR A, RS HL U I SR e o

X T2 NARE R PG RIR A, HERIL B BRI s, BDEEH] 11 pOBRIE/MAE HARLE,
B FELL 2 I BAR /N 0.5 mm [ ERFE[66] . % T EASALI AL , ARHT 7870 VEAl I 5L AR BRBEHOR,,
AMUE B T4 FARE R, G R TR (I [40]. 7EARBREER R IE R 11, HA D FRRHN,
RAE RA ISR BLH AMCT OA, H OA H 5T KIEFAIA K AL MACE RAEFMK, BB AE
HAFME67]. IVL BRSNS N BE T RA, EHFFORIL IVL 4L R L8088, Sk
FARZEH L RA LK CF- ¥4 22£ 398, 95% CI181~615, P <0.001) [68]. £ L, FiAbFH Mg e 35 o 1k
TR AT MAAL SR, SRR R AR 5 ARG PRk et . eAt, Bl i 4 SR PR [ 4 b s B R gl
RS, B PEREM AN RIE R R, FEMRIRIT O e A e RTAR R, Al ER a2 R FH I =44 R [69] -

4. INEAIBEE RN AR

N ILE AR S, CHGR IS NS, OO R AR NIRST A BRI 3R T, 8 N
7 (intravascular ultrasound, IVUS)i i 75 35 52 37 68 LS Rk TR 24T SEIN BSUR,  REASHEDEAL M K/ TS
LY, W E N MR 2 HERE A TR SIR SRR L BT 5 XU AL R AR 5 4 P ZE I AR 1)
A NIGIT70] [71]. IVUS BEREIm KN HINE T T PCILEIARRT . RPFIRIG. AHT, €REASHHPEAH
A%, O TRAL BE SRR SR A ORI s R, mrSTRS IR . BEN MM AR AOE s RS, W REA BUAIE
SCORIEIK . IEERE DL B IS AT ROR[72]. BEFTRY], 5540 CAG ML, IVUS 455 T K TAL B AEsE B
BRI E RS, RINERMEREEAAERE., BRI SR, HRA PRI RIENXR[73] [74].
SR, BT IVUS (7 FR A BUIC, XA ZRR AR RE 708085, B 1 id s MGG A R R 2 2R 4
A(virtual histology intravascular ultrasound, VH-IVUS), &I 440 (near-infrared spectroscopy, NIRS)
I TEARBES BRI o MR TR, IVUS XSG FI AR 4EBE SR AR ) 5 2 5 i — 2k, (=
SR T 5 A AR IR FEAZ D IR, 1454 NIRS AR UFHGREN T X — 45 [75]. £ PROSPECT 11 #f
For R, (AL v R S e A B IR B O R A2 2 U MACE AR R A S sl &=, & H —A4
BRI AR B 4 FARIRIUR A X MACE %04 13.2% (95% Cl 9.4~17.6) [76]. SEAAE 4K X BT
B M 1E 5 — TR HE 1 2 A O A 5 MaxLCBlamm (Maximum 4 mm lipid core burden index),
BIAE R 4 mm K X B BESLR B R LCBI > 400 98 . BFFE 7R, #E MaxLCBlamm > 400 &, dE
TEILRAE M % MACE Z HR N 1.89 (1.26~2.83, P = 0.0021) [77]. L] Woohyeun Kim. Kosei Terada %5 A\
FRE 72 AL TR R SR MaxLCBlamm 5 760099 £ PCI ARG K B TS AR < [6] [7]. (EARERAIZ, (R0
JES ML AR bR M &, BT SR 2.0 mm/s [R50 &3 =T 0.5 mm/s (348.0 vs. 302.0, P < 0.001),
XN IVUS-NIRS HITE S22 %[78].

5. /g5

JeE Bk AL R R 0 H BIFE T 952k DES 5 DCB A SR BIIE LR BEEBORIIKE, B
WHEFEHIEEE, MEGNEIEIRTE, BI5IAFIRERE . IVL. RA. OA J ELCA SEHAMLEN F Tl
Ko SRS, J5 A S AR AR FRAE AT R RE SE SLAR M A 38, AMUERASR 2 SRt fer, TERE
WONBERIEST, TR T T F RS HENE S Th# . SR, BORMZ ol SIFE IR, JRR e
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Dl R R SRIAERL. H AT, BACEE SRS (S SRR R BV T REF KDALY, Hy TR0 AER
HTHEATHERR T o DRIbE,  BEX B S BUPE RN AL, Sl AL M i BB AR AL BET7 58, IRARAZ i IR
S B T A ) 2 R
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