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ISR can be considered the 
“Achilles heel” of modern PI ! 
ISR is a loss of luminal volume from an ingrowth 
of cells, extracellular matrix, and thrombus within 
the cylinder of the stented artery and 5-mm 
margins proximal and distal to the stent. 
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In-stent Restenosis (ISR) –
Treatment Options and Outcomes

•Objectives and Outline

ü Relevance, Promotors & Factors

ü Angiographic Classification

ü Imaging and Histological Features

ü Management
ü Treatment options
ü Outcome

ü Future Strategies and Unmet Needs
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PCI 5-10%

CAS 6%

Mesenteric 20-60%

Aorto-iliac 5-10%

SFA 15-40%
BTK 30%

Relevance*

Renal 10%

SFA 15-40%*

*Rough estimates

*at 2 yrs
6http://diako.de

Promotors of ISR (SFA)

• Excessive stent oversizing
• Long stented segments
• TASC D lesions
• Poor tibial artery runoff
• Mechanical factors

ü repetitive and dynamic 
frictional forces between 
artery and stent caused by 
musculoskeletal motion

• Anatomic factors
ü small-caliber arteries

• Clinical factors 
ü smoking and diabetes 
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Angiographic Classification of ISR

Tosaka A, Soga Y, Iida O, Ishihara T, Hirano K, Suzuki K, et al. Classification and clinical impact of restenosis after femoropopliteal stenting. 
J Am Coll Cardiol 2012;59:16-23. 
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Management of ISR

(1) Bare Metal Stenst (BMS)
(2) Covered Stents (CS)
(3) Drug-Eluting Stent (DES)
(4) Drug-Coated Balloon (DCB)

(1)Paclitaxel DCBs
(2)Sirolimus DCBs

(5) Adjunctive therapeutic modalities
(1)PTA
(2)Cutting/Scorring Balloon
(3)Intravascular Brachytherapy

(6) Ablative Strategies
(1)Excimer Laser Atherectomy
(2)Rotational Atherectomy

(7) Intravascular Lithotripsy

Do’s and Don’ts of ISR-PCI 

Alfonso F, Coughlan JJ, Giacoppo D, Kastrati A, Byrne RA. Management of in-stent 
restenosis. EuroIntervention. 2022 Jun 3;18(2):e103-e123

(Coronary Artery)

(SFA)
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Ablative Strategies – Directional Atherectomy

9-2008

Misago™ 6x80mm
Sterling™ 5x60mm

4-2009

Silverhawk™ LS-M
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Ablative Strategies - 
Large Amount of Tissue Captured
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Ablative Strategies – Rotational Atherectomy

• Combination of rotational atherectomy with DCB angioplasty 
offers the advantage of lesion debulking and the antirestenotic effect

• Analysis of 30 pts

• Primary patency at 12 months: 93.4%
• Primary patency at 24 months: 83.4%
• Secondary patency at 24 months: 96.7%.

Cioppa A, Leone A, Pucciarelli A, Salem m e L, Popusoi G, Franzese M, DI G ioia G, Sada L, Ferrone M, Verdoliva S, Stabile E, Esposito G, Tesorio T. Com bined 
therapy w ith rotational atherectom y and drug coated balloon for superficial fem oral artery in-stent restenosis: safety, efficacy, and two-year results of a 
single center experience. M inerva Cardiol Angiol. 2023 Oct;71(5):599-605.

Jetstream™
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• 22 patients (27 limbs) 

• Primary patency at 3 years  63% 
• Analysis of multiple factors showed no association with restenosis occurrence.
• If the Viabahn remained patent for 14 months, the likelihood of restenosis was low.

• RELINE-Trial: Viabahn n=39 vs PTA n=44

• Primary patency at 12 months 74.8% Viabahn group   
     28.0% PTA group (p < 0.001).

Covered Stents vs. PTA

Gorgani F, Telis A, Narakathu N, LaBarbera M, Babaev A. Long-term  outcom es of the Viabahn stent in the treatm ent of in-stent restenosis in the 
superficial fem oral artery. J Invasive Cardiol. 2013 Dec;25(12):670-4.

Viabahn™

Bosiers M, Deloose K, Callaert J, Verbist J, Hendriks J, Lauwers P, Schroë H, Lansink W , Scheinert D, Schm idt A, Zeller T, Beschorner U, Noory E, 
Torsello G, Austerm ann M, Peeters P. Superiority of stent-grafts for in-stent restenosis in the superficial fem oral artery: twelve-m onth results from  a 
m ulticenter random ized trial. J Endovasc Ther. 2015 Feb;22(1):1-10.
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Treatment of ISR (I) DCB

• Prospective, randomized, single-blind, 
dualcenter clinical trial

• 74 pts, 51 limbs

PTA DCB

Primary patency
@

12 months
13.4 40.7

p=0.02

FREEWAY™ Balloon

Kinstner CM, Lam m er J, W illfort-Ehringer A, Matzek W , Gschwandtner M, 
Javor D, Funovics M, Schoder M, Koppensteiner R, Loewe C, Ristl R, W olf 
F. Paclitaxel-Eluting Balloon Versus Standard Balloon Angioplasty in In-
Stent Restenosis of the Superficial Fem oral and Proxim al Popliteal 
Artery: 1-Year Results of the PACUBA Trial. JACC Cardiovasc Interv. 
2016 Jul 11;9(13):1386-92.
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Treatment of ISR (II) DCB

• Retrospective observational study 
• 105 pts, 103 pts analyzed

Lutonix™ Balloon

Peclat de O liveira JC, A lvim Fiorelli RK, Rolim M aia Peclat AP, Peclat de O liveira LM , O liveira R, Belczac
SQ , A lm eida RS, Dalio M B, Joviliano EE, G utfilen B. Superficial Fem oral Artery in-Stent Restenosis
Treated w ith Paclitaxel-Coated Balloon Angioplasty - Results of Three-Year Follow -Up. Vasc
Endovascular Surg. 2023 O ct;57(7):673-679.

DCB

Primary Patency
@

12 months
91.26

Primary Patency
@

24 months
80.47

Primary Patency
@

36 months
67.71
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Treatment of ISR (III) DES

DES

Freedom fromTLR
@

6 months
95.7

Freedom fromTLR
@

12 months
81

Freedom fromTLR
@

24 months
60.8

Zeller T, Dake MD, Tepe G, Brechtel K, Noory E, Beschorner U, Kultgen PL, Rastan A. 
Treatm ent of fem oropopliteal in-stent restenosis w ith paclitaxel-eluting stents. JACC 
Cardiovasc Interv. 2013 Mar;6(3):274-81.

ZilverPTX™• Pts from ZILVER-PTX 
single-arm trial

• 108 pts, 119 ISR lesions
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Treatment of ISR (IV) DES

DES

Freedom from
clinical driven TLR

@
5 years

73.4

clinical benefit
@

5 years
63.6

Sugim oto M, Kom ori K, Yokoi H, Ohki T, K ichikawa K, Nakam ura M, Nanto S, O 'Leary EE, Lottes AE, Saunders AT, Dake MD. Long-Term  
Effectiveness of a Drug-Eluting Stent for Fem oropopliteal In-Stent Restenosis: Subanalysis of the Zilver PTX Japan Post-Market 
Surveillance Study. J Endovasc Ther. 2021 Apr;28(2):229-235.

ZilverPTX™• Prospective, multicenter 
registry Zilver PTX Japan 
Post-Market Surveillance 
Study: 904 pts, 1082 
femoropopliteal lesions 
treated with the DES at 
95 institutions in Japan.

• 177 pts, 204 ISR lesions
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DCB: Systematic Review and Meta-Analysis for ISR

Zhen Y, Ren H, Chen J, Chang Z, W ang C, Zheng J. System atic Review and Meta-Analysis of Drug-Coated Balloon Angioplasty for 
In-Stent Restenosis in Fem oropopliteal Artery D isease. J Vasc Interv Radiol. 2022 Apr;33(4):368-374.e6.

TLR at 12 months

Ø 5 randomized controlled trials with 425 patients 

- FAIR - PACUBA - ISAR PEBIS - COPA CABANA 
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DCB: Systematic Review and Meta-Analysis for ISR

Zhen Y, Ren H, Chen J, Chang Z, W ang C, Zheng J. System atic Review and Meta-Analysis of Drug-Coated Balloon Angioplasty for 
In-Stent Restenosis in Fem oropopliteal Artery D isease. J Vasc Interv Radiol. 2022 Apr;33(4):368-374.e6.

Recurrent ISR at 12 months

  

Ø 5 randomized controlled trials with 425 patients 
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Systematic Review and Meta-analysis of the Efficacy of 
Debulking Devices for ISR

• 12 studies
• 743 patients 

• Primary patency at 
1 year

58.3% (95% CI, 44.7%-71.9%)

• Freedom from TLR 
at 1 year 

67.0% (95% CI, 60.5%-74.6%)

Li X, Zhou M, 
D ing Y, W ang Y, 
Cai L, Shi Z. A 
system atic 
review and 
m eta-analysis of 
the efficacy of 
debulking 
devices for in-
stent restenosis 
of the 
fem oropopliteal 
artery. J Vasc 
Surg. 2020 
Jul;72(1):356-
366.e5
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SES
crushed

SES

… with Supera™, self-expanding BMS 
or Viabahn™

SES
crushed

Treatment of ISR – If Intraluminal Recanalization Fails:
Crush Stenting

Duterloo D, Lohle PN, Lampmann LE. Subintimal
double-barrel restenting of an occluded primary
stented superficial femoral artery. Cardiovasc
Intervent Radiol. 2007 May-Jun;30(3):474-6.

@ 1yr 100%  patency
single case

Nakamura A, Nakajima S, Endo H, Takahashi T, 
Nozaki E. Successful outside-the-stent stenting
for an occluded primary stented superficial
femoral artery. Cardiovasc Interv Ther. 2014 
Apr;29(2):187-92. @ 1yr 100%  patency

single case
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Conclusions

• Guidelines currently do not offer strong recommendations
• Expert opinion is not entirely clear on how to most appropriately treat femoropopliteal 

ISR
• More research is needed to define what the standard of care should be, and which 

treatments should be adopted for certain angiographic characteristics (eg, longer 
lesions, calcified lesions)

• An adequately powered trial examining currently approved treatments for 
femoropopliteal ISR should be performed: 

i.e. DCB* alone vs. atherectomy with DCB* vs. DES* vs. Viabahn
• **Without direct comparisons of these treatment strategies, the waters will remain 

murky on how best to treat the growing population of patients with femoropopliteal 
ISR. 

• Latest meta-analysis suggests that DCB angioplasty is an improvement over PTA for 
femoropopliteal ISR. 

*Paclitaxel or Sirolimus**Rym er JA, Jones W S. Fem oropopliteal In-Stent Restenosis. Circ Cardiovasc Interv. 2018 Dec;11(12):e007559
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