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62/M, after 6 months (1st ISR)

Focal DES-ISR with angina POBA



After 10 months (2nd ISR)

Cutting balloon2nd ISR with angina



After 7 months (3rd ISR)

3rd ISR with angina DES stenting

sandwich technique



After 8 months (4th ISR)

4th ISR with angina IVUS could not passage



What should I do!

Restenotic lesion remains 

a challenging!



New Engl J Med 2006, 355: 2113-24

Uncoated balloon DCB

0.74 ± 0.86 mm 0.03 ± 0.48 mm

Primary endpoint (late lumen loss in-segment)

52 patients with in-stent restenosis



4th ISR treated by DCB

DCB apply Final CAG



Circulation 2004; 110: 810-4

Heart 2007, 93: 539-41

Drug-coated balloon

Drug Eluting Stent

• Slow release 

• Persistent exposure

• ~ 100 - 200 µg dose

• Polymer

• Stent mandatory

Drug Coated Balloon

• Immediate release

• Short-lasting exposure

• ~ 300 - 600 µg dose

• No polymers

• Premounted stent optional

Homogeneous drug delivery

Immediate drug release without polymer

No foreign material left behind

Reducing anti-platelet therapy

Lower restenosis rates



DCB for coronary artery

1. In-stent restenosis 

2.  De-novo lesions



DCB for coronary artery

1. In-stent restenosis  

2.  De-novo lesions



12 RCTs for ISR lesions

ISR Intervention N End point Study

BMS PCB-POBA 108 In-segment LLL PACCPCATH ISR

PCB-PES 131 In-segment LLL PEPCAD 2 ISR

PCB-EES 189 In-segment MLD RIBS V

PCB-EES 136 LLL ISR study

DES PCB-POBA 110 LLL PEPCAD-DES

PCB-POBA 208 TVF Habara et al

PCB-POBA 50 In-segment LLL Habara et al

PCB-PES 402 In-segment DS ISAR-DESIRE 3

PCB-PES 220 In-segment LLL PEPCAD-ISR-China

PCB-EES 309 In-segment MLD RIBS IV

PCB-EES 172 In-segment LLL RESTORE

PCB-EES 278 In-segment MLD DARE
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J Am Coll Cardiol 2014;63:1378–86

RIBS VBMS-ISR



Primary endpoint: In-segment MLD at 9 months

DCB
(n=95)

EES
(n=94)

p 

MLD, mm 2.01 ± 0.6 2.36 ± 0.6 <0.001

DS, % 25 ± 20 13 ± 17 <0.001

Restenosis 8 (9.5) 4 (4.7) 0.22

Late luminal loss, mm 0.14 ± 0.5 0.04 ± 0.5 0.14

BMS-ISR RIBS V

J Am Coll Cardiol 2014;63:1378–86



Kaplan-Meier estimates of event-free survival

BMS-ISR RIBS V

J Am Coll Cardiol 2014;63:1378–86



Circ Cardiovasc Interv. 2016;9:e003316.

ISR studyBMS-ISR

Primary end point: In-segment LLL 
at 12 months (n=136)

DCB
(n=63)

EES
(n=62)

p 

MLD, mm 2.09 ± 0.57 2.36 ± 0.6 0.481

DS, % 26.2 ± 18.0 30.9 ± 24.6 0.816

Restenosis 6 (8.7) 13 (19.1) 0.078

Late luminal loss, mm 0.02 0.19 0.0004



Kaplan–Meier analysis of event-free survival

(CV death, MI, TVR)

BMS-ISR ISR study

Circ Cardiovasc Interv. 2016;9:e003316.

DCB

EES



J Am Coll Cardiol 2015;66:23–33

RIBS IVDES-ISR



Primary endpoint: In-segment MLD at 6-9 months

DCB
(n=154)

EES
(n=155)

p 

MLD, mm 1.80 ± 0.6 2.03 ± 0.7 0.004

DS, % 30 ± 22 23 ± 22 0.009

Restenosis 27 (19) 15 (11) 0.06

Late luminal loss, mm 0.30 ± 0.6 0.18 ± 0.6 0.06

DES-ISR RIBS IV

J Am Coll Cardiol 2015;66:23–33



Freedom from MACE & TLR

DES-ISR

J Am Coll Cardiol 2015;66:23–33

RIBS IV

MACE (Cardiac death, MI, TVR) TVR



Freedom From TLR and TVR

DES-ISR 3-year FU  RIBS IV

J Am Coll Cardiol Intv 2018;11:981–91

TVRTLR



RESTOREDES-ISR

Am Heart J 2018;197:35-42.



RESTOREDES-ISR

Primary endpoint: In-segment LLL at 9 months

DCB
(n=38)

EES
(n=36)

p 

MLD, mm 1.80 ± 0.69 2.09 ± 0.46 0.03

DS, % 34 ± 21 26 ± 15 0.05

Restenosis 8 (19.5) 2 (5.6) 0.65

Late luminal loss, mm 0.15 ± 0.49 0.19 ± 0.41 0.54

Am Heart J 2018;197:35-42.



RESTOREDES-ISR

Clinical outcomes at 1-year follow-up

Am Heart J 2018;197:35-42.



DAREDES-ISR

J Am Coll Cardiol Intv 2018;11:275–83



DAREDES-ISR

J Am Coll Cardiol Intv 2018;11:275–83

Primary endpoint: In-segment MLD at 6 months

DCB
(n=105)

EES
(n=115)

p 

MLD, mm 1.71 ± 0.51 1.74 ± 0.61 0.65

DS, % 36.1 ± 15.5 33.8 ± 18.6 0.32

Restenosis, % 18.1 20.9 0.60

Late luminal loss, mm 0.17 ± 0.41 0.45 ± 0.47 <0.001



DAREDES-ISR

J Am Coll Cardiol Intv 2018;11:275–83

Kaplan Meier Estimates of MACE

at 12 months (death, TV-MI, TVR)



Summary

ISR Intervention Study Angiographic 

Result

(MLD/DS) 

Clinical 

result

BMS PCB vs. EES RIBS V PCB<EES PCB=EES

PCB vs. EES ISR study PCB=EES PCB=EES

DES PCB vs. EES RIBS IV PCB<EES PCB<EES

PCB vs. EES RESTORE PCB<EES PCB=EES

PCB vs. EES DARE PCB=EES PCB=EES



PCB vs. EES for DES-ISR

Study N Primary EP ISR type DAPT duration Clinical result

RIBS IV 309 In-segment 
MLD

DES EES: 1y

PCB: 3m

PCB<EES

PCB: ↑TLR / 

thrombotic event

RESTORE 172 In-segment 
LLL

DES EES & PCB: 6m PCB=EES

DARE 278 In-segment 
MLD

DES (55%)
BMS (45%)

EES & PCB: 12m PCB=EES



J Am Coll Cardiol Intv 2018;11:969–78



Optimal cutoff values for procedure-

related factors

J Am Coll Cardiol Intv 2018;11:969–78



Cumulative incidence of TLF

J Am Coll Cardiol Intv 2018;11:969–78



Incidence of TLF by combined 

procedure-related factors
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Patient Number

Non-

Optimized

DEB

Partially

Optimized

DEB

Fully

Optimized

DEB

1-year

52.6%

2-year

19.2%
1-year

19.3%

1-year

7.0%

2-year

66.7%

2-year

18.6%
2-year

8.3%

38

20

POBA

(PEPCAD-

DES)1

131

25

PES

(ISAR-

DESIRE 3)2

102

19

PES

(PEPCAD 

China)3

155

10

EES

(RIBS IV)4

Rhee TM, Lee JM et al. JACC Cardiovascular Intervention 2018

Rittger H et al. JACC 2012

Byrne RA et al. Lancet 2013

Xu B et al. JACC Cardiovascular Intervention 2014

Alfonso F et al. JACC 2015

Residual %DS < 20%

DEB-to-stent ratio > 0.91
Total inflation time > 60s

2-year TLF rate in fully-optimized DEB group was 8.3%,

Similar to or even better than 1st or 2nd generation DES groups

in previous ISR trials



2018 ESC/EACTS Guidelines 

on myocardial revascularizatio

European Heart Journal (2018) 00, 1–96



Conclusions

• Currently, DCB is stronly recommended for the treatment of

ISR (within BMS or DES) in the European guidelines 

(Class IA)  

• There are important procedure-related factors that could 

independently predict future occurrence of TLF after DCB 

treatment for DES-ISR and would improve clinical outcomes 

comparable to 2nd gen DES.

• Despite the excellent performance of new-generation DES, 

there is a proper position for DCB, particularly for recurrent 

ISR lesions already covered with more metal layers.

• Further studies are required to determine appropriate DAPT 

duration after ISR treatment.


