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In-Stent Restenosis 

? Treatment: CABG, POBA, DES, DCB 



RCT results of ISR treatment 

ISR  Intervention Angiographic 
result  

Clinical 
outcome 

BMS PCB vs BA PCB>BA PCB>BA 

PCB vs PES PCB>PES PCB=PES 

PCB vs EES PCB=EES PCB=EES 

DES PCB vs BA PCB>BA PCB>BA 

PCB vs PES PCB=PES PCB=PES 

PCB vs EES PCB≤EES PCB≤EES 

PCB = Paclitaxel-coated balloon 

BA = Balloon angioplasty 

PES = Paclitaxel-coated stent 

EES = Everolimus-coated stent 



2018 ESC/EACTS Guidelines  

on myocardial revascularizatio 

European Heart Journal (2018) 00, 1–96 
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Late stent failure 

Stop aspirin for 5 days AMI & SCD 



Eamen J et al. Lancet 2007 Feb 24;369(9562):667-78. 

Bern-Rotterdam Experience  

SES (n=3823) & PES (n=4323)  

Frequency of  DES Thrombosis 

Cumulative Incidence of Definite ST in 8,146 Patients                                                                

During a 4-Year Follow-Up Period 



To overcome the limitations, 

• No inflammation 

• No restenosis 

• Normal healing 

• No thrombosis (esp. late/very late) 

• No prolonged DAPT 

Leaving Nothing Behind 



New Paradigm of PCI 



Paclitaxel inhibits smooth muscle cell proliferation 

and migration in vitro and in vivo 

 

untreated control animal paclitaxel-treated animal  

Circulation. 1997;96:636  



RCT in small coronary artery lesions 



DCB is non-inferior to DES  

in small native coronary artery 

BASKET-SMALL2 

Lancet. 2018 Sep 8;392(10150):849-856. 
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epicardial coronary artery? 

Drug-Coated Balloon – Clinical Applications 



PLOS ONE | DOI:10.1371/journal.pone.0147057 January 29, 2016 



Changes of mean Area of Vessel /Lumen /Plaque 
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PLOS ONE | DOI:10.1371/journal.pone.0147057 January 29, 2016 



Changes in Minimal Lumen Area 

P=0.007 

P<0.001 

P=0.004 

(mm2) 

PLOS ONE | DOI:10.1371/journal.pone.0147057 January 29, 2016 



⃰ ⃰ ⃰ 

Rev Esp Cardiol 2016 Nov;69(11):1026-1032. 



Destiny of Dissection flap after DCB application  

 Post-PCB   FU-PCB 

  Dissection Flap, n(%) 21 (100%) 7 (33.3%)  

  Maximal thickness (mm) 0.67±0.29 0.44±0.21 

  Maximal length (mm) 1.34±0.71 0.68±0.33 

  Longitudinal length (mm)  11.9±8.7 1.8±1.5 

Rev Esp Cardiol 2016 Nov;69(11):1026-1032. 



Minimal lumen area(mm2) 

Post-PCB FU-PCB Post-PCB FU-PCB 

Lumen volume (mm3) 

P <0.001 P <0.001 

Rev Esp Cardiol 2016 Nov;69(11):1026-1032. 



Successful BA 

J Am Coll Cardiol 1990 :16:1421-9 



How can we predict the adverse events  

of dissection after BA?  
  



Catheter Cardiovasc Interv. 2015 Oct 1.  



What is the FFR-guided  

DCB treatment? 



68/M, UA 

Base FFR = 0.35 POBA-FFR = 0.86 

Functionally adequate after BA 
→ DCB treatment 



75/F, UA 

Base FFR = 0.69 POBA-FFR = 0.63 

Functionally inadequate after BA 
→ Stent treatment 



FFR-guided DCB treatment strategy 

De novo coronary artery lesion 

Balloon angioplasty Stent 

DCB 

TIMI ≤2  

FFR  <0.75 FFR  ≥0.75 

Stent 

TIMI ≥3 

FFR 



Registry data 

 
201 patients 

 
95% FU CAG & FFR 

 
100% clinical FU 



Study population 

- 2012.6 ~ 2014.12 

- Prospective registry study in Ulsan University Hospital 

Inclusion criteria: 

      Major epicardial coronary a. 

      2.5 ≤ RD ≤ 3.5mm  

      Lesion length < 24mm 

      POBA with TIMI 3 

Exclusion criteria: 

      ST-segment elevation MI 

      Left main coronary artery disease 

      Ostial or heavily calcified lesions 

      Contraindication to adenosine  

      Contraindication to stent  

      Life expectancy of <1 year 



Post-balloon FFR ≥0.75 Post-balloon FFR <0.75 

FFR (n=197) 

Post-balloon TIMI 3 (n=201) 

DCB 
(n=78) 

DCB 
(n=7) 

Stent 
(n=71) 

Stent 
(n=41) 

PCB group Stent group Reference group 



Post-balloon FFR ≥0.75 Post-balloon FFR <0.75 

Similar baseline functional status! 

The International Journal of Cardiovascular Imaging (2018) 34:1339–1347 



Baseline characteristics  
Post-balloon FFR  

≥0.75 

Post-balloon FFR  

<0.75 

DCB 

(n = 78) 

Stent 

(n = 73) 

Reference 

(n = 42) 

DCB vs Stent  

p-value 

Men 56 (71.8) 59 (80.8) 34 (81.0) 0.193 

Age, years 58.6 ± 8.6 59.0 ± 8.7 59.2 ± 10.6 0.815 

Cardiovascular risk factors       

   Diabetes 25 (32.1) 16 (21.9) 9 (21.4) 0.162 

   Dyslipidemia 45 (57.7) 31 (42.5) 20 (47.6) 0.061 

   Hypertension 40 (51.3) 31 (42.5) 17 (40.5) 0.278 

   Current smoking 24 (30.8) 20 (27.4) 12 (28.6) 0.167 

   Previous myocardial infarction 6 (7.7) 4 (5.5) 0 0.747 

   Family history of coronary artery disease 10 (12.8) 10 (13.7) 5 (11.9) 0.874 

Clinical manifestations       

   Stable angina 38 (48.7) 29 (39.7) 12 (28.6) 0.266 

   Acute coronary syndrome 40 (51.3) 44 (60.3) 30 (71.4) 0.266 

Ejection fraction, % 63.3 ± 6.7 62.3 ± 7.9 59.6 ± 9.0 0.405 

Hospital stay, days 5.2 ± 6.9 4.7 ± 3.3 5.3 ± 3.2 0.551 



Lesion and procedure characteristics 

Post-balloon FFR  

≥0.75 

Post-balloon FFR <0.

75 

DCB 

(n = 78) 

Stent 

(n = 73) 

Reference 

(n = 42) 

DCB vs Stent  

p-value 

Coronary artery       

   Left anterior descending 35 (44.9) 42 (57.5) 32 (76.2) 0.120 

   Left circumflex 25 (32.0) 10 (13.7) 5 (11.9) 0.008 

   Right coronary 18 (23.1) 21 (28.8) 5 (11.9) 0.425 

Lesion type       0.933 

   A, B1 24 (30.8) 22 (30.1) 9 (21.4) 

   B2, C 54 (69.2) 51 (69.9) 33 (78.6) 

No. of diseased vessels 1.5 ± 0.7 1.4 ± 0.7 1.8 ± 0.8 0.175 



Post-balloon FFR  

≥0.75 

Post-balloon FFR  

<0.75 

DCB 

(n = 78) 

Stent 

(n = 73) 

Reference 

(n = 42) 

DCB vs Stent  

p-value 

Before procedure       

Lesion length, mm 20.0 ± 5.4 21.7 ± 6.4 24.7 ± 8.7 0.094 

Reference diameter, mm 2.4 ± 0.5 2.6 ± 0.5 2.6 ± 0.5 0.002 

Minimum lumen diameter, mm 0.70 ± 0.51 0.59 ± 0.48 0.58 ± 0.46 0.179 

Diameter stenosis, % 71.8 ± 17.7 78.2 ± 16.0 78.9 ± 15.1 0.022 

Pre-procedure FFR 0.65 ± 0.14 0.61 ± 0.16 0.62 ± 0.14 0.113 

After procedure       

Reference diameter, mm 2.6 ± 0.5 3.1 ± 0.5 2.9 ± 0.4 <0.001 

Minimum lumen diameter, mm 2.03 ± 0.41 2.80 ± 0.51 2.63 ± 0.48 <0.001 

Diameter stenosis, % 21.7 ± 10.3 8.7 ± 10.6 9.8 ± 10.3 <0.001 

Acute lumen gain, mm 1.32 ± 0.57 2.20 ± 0.68 2.05 ± 0.62 <0.001 

Post-procedure FFR 0.87 ± 0.05 0.89 ± 0.06 0.82 ± 0.08 0.101 

Acute FFR gain 0.21 ± 0.15 0.27 ± 0.17 0.20 ± 0.14 0.047 

Before & after PCI: QCA & FFR 



Post-balloon FFR  

≥0.75 

Post-balloon FFR 

<0.75 

DCB 

(n = 78) 

Stent 

(n = 73) 

Reference 

(n = 42) 

DCB vs Stent  

p-value 

9 months follow up n = 75 n = 71 n = 41 

Reference diameter, mm 2.5 ± 0.5 2.8 ± 0.5 2.8 ± 0.4 0.003 

Minimum lumen diameter, mm 1.98 ± 0.53 2.28 ± 0.69 2.17 ± 0.84 0.024 

Diameter stenosis, % 23.3 ± 13.0 20.0 ± 20.2 24.2 ± 25.6 0.405 

Late lumen loss, mm 0.05 ± 0.33 0.59 ± 0.76 0.46 ± 0.76 <0.001 

Net lumen gain, mm 1.20 ± 0.60 1.51 ± 0.91 1.43 ± 0.97 0.086 

9 months-FFR 0.88 ± 0.08 0.88 ± 0.08 0.82 ± 0.07 0.852 

FFR loss 0.01 ± 0.08 0.06 ± 0.09 0.15 ± 0.09 0.029 

Net FFR gain 0.19 ± 0.17 0.22 ± 0.18 0.17 ± 0.15 0.472 

Functional restenosis 3 (6.0) 2 (7.1) 2 (13.3) >0.999 

9-month QCA & FFR 



Cumulative frequency distribution of MLD 



Cumulative frequency distribution of FFR 



Clinical outcomes during 12 months FU 

Post-balloon FFR  

≥0.75 

Post-balloon FFR 

<0.75 
  

DCB 

(n = 78) 

Stent 

(n = 73) 

Reference 

(n = 42) 

DCB vs Stent  

p-value 

Cardiac death 0 1 (1.4) 0 0.483 

Myocardial infarction 0 0 1 (2.4) - 

Target lesion thrombosis 0 0 0 - 

Target lesion revascularization 1 (1.3) 3 (4.1) 3 (7.1) 0.354 

Target vessel revascularization 2 (2.6) 3 (4.1) 4 (9.5) 0.673 



Event-free survival (%) 



Cardiac death, MI, thrombosis, revascularization 
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Benefits of DCB  

• DAPT 1 month due to rapid healing 

• Poor drug compliance 

• High-bleeding risk 

• Chance of repeated revascularization 



DCB 

All stenotic lesions 

lesions not amenable to 

stent deployment 

Too small vessels 

Avoid jailing a major side-branch 

Recurrent ISR 

Stent only for bail out after BA 



Take Home Messages 

• DCB with highly lipophilic drugs, even short contact 

times between the balloon surface and the vessel 

wall are sufficient for effective drug delivery. 

 

• DCB is strongly recommended to treat both BMS-ISR 

or DES-ISR lesions. 

 

• In small native coronary artery disease, DCB was 

non-inferior to DES regarding MACE up to 1 year. 

 

 

  



Take Home Messages 

• FFR-guided DCB application has a good safety and 

efficacy in de novo large CAD. 

 

• Luminal gain and flow after DCB application is 

sustained without restenosis or any adverse clinical 

outcomes up to 1 year.  

 

• FFR-guided DCB treatment will be a good option for  

de novo large coronary lesions beyond small 

vessels. 

 

• DCB is a complementary to DES and will become 

one of treatment option in coronary intervention. 

  


