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Femoro-popliteal Occlusive Disease 
In Last 8 Years… 

•  Can cross most occlusions in the SFA-pop. 
•  Randomized data with stents, drug coated 

balloons, drug-eluting stents. 
•  Era of drugs delivery has arrived. 
•  Challenges remain 



Major Progress in Crossing Lesions 
CTO Wires, Support Catheters, Re-entry Devices, Retrograde Access 

CXI, Cook 



•  Timing	  of	  SFA	  restenosis	  is	  longer	  compared	  to	  coronary	  sten@ng,	  	  which	  
predominantly	  occurs	  within	  6	  months	  aFer	  sten@ng.	  

•  Factors	  for	  restenosis	  in	  the	  SFA	  include	  the	  number	  of	  runoff	  vessels,	  severity	  of	  
lower	  limb	  ischemia,	  and	  length	  of	  diseased	  segments.	  

Iida et al. Cath Cardio Int 2011; 78:611 
Kimura et al. N Engl J Med 1996;334:561 

Probability	  of	  Restenosis	  
SFA Restenosis peaks at 12 months 



•  PTA control arm from 3 randomized, industry- 
sponsored device trials 
– Lesion length = 8.7 cm 
– 12-month duplex patency = 28% 

•  Results combined with a survey of medical 
literature from 1990 – 2006 
– Lesion length = 8.9 cm 
– 12-month duplex patency = 38% 

Catheter Cardiovasc Interv 2007 

VIVA OPC 



Parameter	  
	  

(study	  start)	  

LifeStent*	  
Resilient	  
(July	  2004)	  

Everflex*	  
Durability	  II	  
(August	  2007)	  

Complete	  
SE	  Vascular	  	  

Zilver	  PTX*	  
	  

(March	  2005)	  

SUPERA	  
Superb	  

FDA	  Approval	   Feb	  13,	  2009	   Mar	  7,	  2012	   no	   Nov	  14,	  2012	   no	  
Subjects	   206	  	  (72	  PTA)	   287	   196	   479	  (241	  ZS	  /	  

238	  PTA)	  
264	  

Lesion	  Length	  
(Min,	  Max)	  

61.85	  
57.2	  PTA	  

109.6	  
(10.0,	  180.0)	  

61	   54.6	  	  /	  53.2	  
PTA	  

78	  

Primary	  
Patency	  	  <2.0	  
	  (1	  year)	  

81.5%	  	  
	  36.7%	  PTA	  	  

67.7%	  	   72.6	   82.7%	  	  
	  32.7%	  PTA	  	  
(95.1% ZS / 
41.6% PTA – 
6 Months) 

86%	  

TLR	  
(1 year)	  

94.6%	  
54.1%-‐	  PTA	  
(Freedom 
From) 
	  

13.9%	  -‐	   8.4%	   9.6%	  	  
16.3%	  PTA	  	  

10%	  

Design	   	  2:1	  	  RCT	  
PTA	  

OPC	  	   OPC	   1:1	  	  RCT	  
	  PTA	  

OPC	  

Implant-‐Based	  Treatment	  Paradigm	  
SFA	  Stent	  Studies	  



Patency	  Benefit	  With	  Sten@ng	  
Primarily	  in	  TASC	  A/B	  
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TASC A and B lesions 
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Stent fracture 

Fractures)

Kinking)

LONG%STENTS%?%

Iida et al. Am J Cardiol 2006;98:272. 
Sirocco J Endovasc Ther 2006;13:701. 
Scheinert et al. JACC 2005;45.  

is associated with increased risks of recurrent ISR,
recurrent occlusion, and surgical revascularization. Un-
like the established Mehran classification for coronary
ISR (5), there is no prognostic difference between class I
(focal ISR group) and class II (diffuse ISR group), even if
the cut-off point is changed from 50 mm to 30 or 80 mm.

Compared to the Mehran classification, the mean stent
length of the focal ISR group was significantly longer in
this study (143.6 mm in FP ISR, 18.3 mm in coronary
ISR). Occurrence of new restenosis in another stent
segment after angioplasty for focal ISR may participate in
the similar prognosis of these classes. Conversely, similar

Figure 2 Freedom From Recurrent ISR by ISR Class

There were significant differences between class I (blue line) and class III (green line) (p ! 0.0001) and between class II (red line) and class III (p " 0.0003).
ISR " in-stent restenosis.

Figure 3 Freedom From Recurrent ISR by Stenosis and Occlusion

There were significant differences between the stenosis group (red line) and the occlusion group (green line) (p ! 0.0001). ISR " in-stent restenosis.

19JACC Vol. 59, No. 1, 2012 Tosaka et al.
December 27, 2011/January 3, 2012:16–23 Restenotic Patterns After Femoropopliteal Stenting

Tosaka et al. JACC 2012;59:16-23 

ISR 



Klein et al. Catheter Cardiovasc Interv 2009;74:799 

Femoral-popliteal Treatment 
Conformational Forces 

Dramatic changes in configuration with movement. 



Drug eluting Technologies 
Development Issues 

•  Optimal drug-paclitaxil, limus drugs 
•  Proper dose and release kinetics 
•  Excipient-urea, polymers, iopromide, nano- 
•  Delivery mechanism: balloon or stent 
•  Vessel preparation 
•  What to do about dissection? 
•  Geographic miss? 
•  Cost 
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DCB concept works! 
5 DCBs showing a biologic effect  

Paccocath 
PTX 3 µg/mm2 

+ Ultravist 

Lutonix 
PTX 2 µg/mm2 

+ Polysorbate 
& Sorbitol 

In.Pact 
PTX 3.5 µg/mm2 

+ Urea 

Passeo 
18 Lux 

PTX 3.0 µg/mm2 

+ BTHC 

Advance 
PTX 

PTX 3.0 µg/mm2 

NO Excipient 

Stellarex 
PTX 2.0 µg/mm2 

PEG 

1. Tepe G, Zeller T, Albrecht T, Heller S, Schwarzwälder U, Beregi JP, Claussen CD, Oldenburg A, Scheller B, Speck U. Local delivery of paclitaxel to inhibit restenosis during angioplasty of the leg. N Engl J Med. 2008 Feb 14;358(7):689-99 
2. Werk M, Langner S, Reinkensmeier B, Boettcher HF, Tepe G, Dietz U, Hosten N, Hamm B, Speck U, Ricke J. Inhibition of restenosis in femoropopliteal arteries: paclitaxel-coated versus uncoated balloon: femoral paclitaxel randomized pilot trial. 

Circulation. 2008 Sep 23;118(13):1358-65 
3. Scheinert D, Duda S, Zeller T, Krankenberg H, Ricke J, Bosiers M, Tepe G, Naisbitt S, Rosenfield K. The LEVANT I (Lutonix paclitaxel-coated balloon for the prevention of femoropopliteal restenosis) trial for femoropopliteal revascularization: first-in-

human randomized trial of low-dose drug-coated balloon versus uncoated balloon angioplasty. JACC Cardiovasc Interv. 2014 Jan;7(1):10-9 
4. Scheinert D, Schulte KL, Zeller T, Lammer J, Tepe G. Paclitaxel-Releasing Balloon in Femoropopliteal Lesions Using a BTHC Excipient: Twelve-Month Results From the BIOLUX P-I Randomized Trial. J Endovasc Ther. 2015 Feb;22(1):14-21 
5. Werk M, Albrecht T, Meyer DR, Ahmed MN, Behne A, Dietz U, Eschenbach G, Hartmann H, Lange C, Schnorr B, Stiepani H, Zoccai GB, Hänninen EL. Paclitaxel-coated balloons reduce restenosis after femoro-popliteal angioplasty: evidence from the 

randomized PACIFIER trial. Circ Cardiovasc Interv. 2012 Dec;5(6):831-40 
6. D.Scheinert – LINC 2013 oral presentation 
7. Schroeder H, Meyer DR, Lux B, Ruecker F, Martorana M, Duda S. Two-year results of a low-dose drug-coated balloon for revascularization of the femoropopliteal artery: Outcomes from the ILLUMENATE first-in-human study. Catheter Cardiovasc 

Interv. 2015 Feb 23 

Late Lumen Loss 
6 Different Paclitaxel DCB Preparations 

Angiogram	  at	  6	  months:	  substan@ally	  less	  loss	  of	  lumen	  size	  	  



Paclitaxel	  
•  Mechanism: slowly dissolving particles in the vessel 

wall, transferred to wall during balloon inflation 
•  Cytostatic agent-acts on microtubules 

–  No effect on DNA 
•  Intravascular dose for tumor is 300 mg 
•  Single dose of 70 mg has no adverse effect 
•  Maximum dose on a balloon is 10mg 

Huizing et al. J Clin Oncol 1993;11:2127 

Downstream Effects in Animal Experiments 

at High Dose 

50, S, vasculitis, 
10x 

40, L, scar, 10x 36, L, focal inflammation, 
40x 

3 µg/mm² 2 x 5µg/mm² Uncoated p 

Before treatment  42.0±8.3 40.1±4.4 45.4±9.9 0.573 

At 28 days 39.5±6.5 34.7±4.3 39.0±6.2 0.375 

Change  -2.5±8.1 -5.4±7.0 -6.4±4.2 0.642 

 …but no impact on myocardial function, e.g., left ventricular ejection 
fraction (EF) [%] 

Detected in histological slices ….. 
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at High Dose 

50, S, vasculitis, 
10x 

40, L, scar, 10x 36, L, focal inflammation, 
40x 

3 µg/mm² 2 x 5µg/mm² Uncoated p 
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Smooth	  muscle	  cell	  loss	  
Proteoglycan	  deposi@on	  
Distal	  @ssue-‐muscle	  necrosis	  
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The DCB Technology Proliferation 

Manufacturer DCB Drug 
Dose  

(μg/mm2) Excipient 

IN.PACT PTX 3.5 Urea 

LUTONIX PTX 2.0 Polysorbate and Sorbitol 

STELLAREX PTX 2.0 Polyethylene Glycol 

PASSEO 18 LUX PTX 3.0 Butyryl-tri-hexyl Citrate 

ADVANCE 18 PTX PTX 3.0 none 

ELUTAX PTX 2.2 dextrane 

FREEWAY PTX 3.0 shelloic acid 

LEGFLOW PTX 3.0 shelloic acid 

RANGER PTX 2.0 citrate ester  

LUMINOR PTX 3.0 unkown 

SeQuent Please PTX 3.0 Iopromide 

Biopath PTX 3.0 Shellac 

12 DCBs (= Drug, z Doses, z Excipients, z Technologies) 
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Excipient Determines Coating Characteristics 
 

• 	  	  DCBs	  differ	  in	  the	  uniformity	  of	  their	  drug	  coa@ng	  	  	  	  	  	  	  
• 	  	  Differences	  in	  formula@ons	  can	  result	  in	  an	  uneven	  
coa@ng	  and	  a	  less	  uniform	  dose	  delivery	  

Courtesy	  of	  J	  Granada	  



Macro-Crystalline Amorphous Coating Hybrid Coating 

Nano-Encapsulation Micro-Crystalline 

Paclitaxel Coated Balloon Evolution 

Crystalline Aggregate 

Paclitaxel Coated Balloon Evolution 

More crystallinity=better transfer to wall=more particulate 
 



IN.PACT DCB vs PTA 
Trial Design 

1.  With symptoms of claudication and/or rest pain and angiographic evidence of SFA/PPA stenosis 
2.  Pre-dilatation mandatory for all subjects in IN.PACT SFA II phase only 
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12 Month  
Follow-up 

PTA Pre-Dilatation 
With 1mm undersized Uncoated Balloon 

Randomize 2:1 

Test Arm: 
Dilatation with Drug 

Coated Balloon 

Control Arm: 
Dilatation with Uncoated 

Balloon 

Suboptimal PTA: 
Major flow limiting dissection 
OR >70% residual stenosis 

Treat per standard 
practice 

30 day follow-up for safety 

Study Designed to Reduce Bias 
Against Control Group 

CAUTION: Investigational Device - Limited by Federal (USA) Law to Investigational Use 

12 Month  
Follow-up 

Successful  
Pre-Dilation 



Levant Study 
12-month Primary Patency 

IN.PACT SFA 
12-month Primary Patency  

Primary'Patency''
Kaplan/Meier'

Free  
from  

Primary  
Patency  

Event 
(%) 

100 
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0 1 2 3 4 5 6 7 8 9 10 11 12 13 
Months from Randomization Date 

PTA 

DCB 

Survival % 

Time Lutonix D C B Standard PTA P-value 

365 days 73.5% 56.8% 0.001 

Proportions-based difference was 65.2% for DCB vs. 52.6% 
for standard PTA � 12.6% difference 

To show the effect of the medication, the lesion complexity 
and the injury of angioplasty had to be minimized. 



IN.PACT 
DCB vs. PTA 

1 year 
difference 

2 year 
difference 

Primary Patency [1] 31.7% 28.8% 

CD-TLR [2] 18.2% 19.2% 

1.  Freedom	  from	  core	  laboratory-‐assessed	  restenosis	  (duplex	  ultrasound	  PSVR	  ≤2.4)	  or	  clinically-‐driven	  target	  lesion	  revasculariza@on	  through	  24	  months	  (adjudicated	  by	  a	  
Clinical	  Events	  Commijee	  blinded	  to	  the	  assigned	  treatment),	  analysed	  by	  Kaplan-‐Meier.	  

2.  Clinically-‐driven	  TLR	  adjudicated	  by	  an	  independent	  Clinical	  Event	  Commijee,	  blinded	  to	  the	  assigned	  treatment	  based	  on	  any	  re-‐interven@on	  at	  the	  target	  lesion	  due	  to	  
symptoms	  or	  drop	  of	  ABI	  of	  ≥20%	  or	  >0.15	  when	  compared	  to	  post-‐procedure	  baseline	  ABI	  

IN.PACT	  SFA	  
No	  Late	  Catch	  Up	  



DCB Treatment Techniques:  
Avoid Geographic Miss 

DCB 

post-Dil. 

Spot Stent 

DCB (1:1 balloon: artery ratio, t 3 min inflation) 

Stent only if necessary in case of persistent flow 
limiting dissections or relevant residual stenosis 

stay within 
DCB footprint 

Post-dilate as necessary to seal flow-limiting 
dissections or relevant residual stenosis  

Pre-dilatation  (≤1 mm � undersize) Lesion Prep Pre-dilate:1mm smaller diameter) 
 
DCB inflation: balloon to artery ratio 
of at least 1:1, maintain inflation 3 minutes 
 
Post-dilate: Focal, as needed for residual 
stenosis or dissection 
 
Bailout: Spot stent in the case of 
significant dissection 
 

Technique	  of	  DCB	  Angioplasty	  

Where	  Does	  the	  
Drug	  Go?	  

Range	  
Wash	  off	  during	  transit	   5-‐30%	  
Lost	  in	  runoff	  during	  balloon	  infla@on	   40-‐70%	  
Transferred	  to	  artery	  wall	   5-‐20%	  
Drug	  on	  used	  balloon	   0-‐30%	  



LEVANT 2 DCB Procedural 
Variable Analysis  

Subgroup 

Test DCB 

%(n/N) 

[95% CI] 

Control PTA 

%(n/N) 

[95% CI] 
Difference 

% [95% CI] P-value1 
Meet 3 criteria: stenosis, pressure, 

inflation 
78.6% (22/28) 

[63.4, 93.8] 
53.3% (8/15) 

[28.1, 78.6] 
25.2% 

[-4.2, 54.7] 
0.090 

Meet all 4 criteria 91.7% (11/12) 

[76.0, 100.0] 
53.3% (8/15) 

[28.1, 78.6] 
38.3% 

[8.6, 68.0] 
0.023 

62% 

Pressure > 
7 ATM 
68% 

Final 
Residual 

Stenosis < 
20% 
74% 

Transit time < 30 
sec 
65% 

Inflation time ≥ 120 
sec 
65% 

75% 

69% 
 

77% 

84% 82% 92% 

79% 
 

85% 

Post-hoc, sub-group analysis 
suggests that DCB 12 M 
Primary Patency may be: 
 
9 Improved with 3 variables 
9Optimal with all 4 
variables 

n=27 

n=28 

n=22 n=19 
n=12 

Scheinert Levant II Subgroup Analysis LINC Jan 2016 

Balloon transit time <30 seconds 
Inflation pressure >7atm 
Inflation time >2 min 
Final diameter stenosis <20% 

Key Variables in with Lutonix SFA DCB 



IN.PACT	  Global	  (>1500	  pa^ents)	  
	  

N=157 
Mean length 26.4cm 

Provisional	  Stent	  
LL	  15-‐25	  cm:	  
LL	  >	  25	  cm:	  

40.4%	  (63/156)	  
33.3%	  (33/99)	  
52.6%	  (30/57)	  

N=126 
Mean occlusion length 22.9cm 
	  
Provisional	  Stent	  	   46.8%	  (59/126)	  

Long	  Lesions	   Occlusions	  



DCB	  studies:	  Higher	  stent	  usage	  
with	  increased	  lesion	  complexity	  

Provisional	  Sten.ng	  in	  Randomized	  Controlled	  Trials	  may	  not	  be	  
representa.ve	  of	  actual	  sten.ng	  in	  studies	  due	  to	  study	  design	  

Results	  from	  different	  trials	  are	  not	  directly	  comparable.	  	  
Informa.on	  provided	  for	  educa.onal	  purposes.	  	  

FEMPAC1	  

PACIFIER2	  

THUNDER3	  

IT	  Registry4	  

IN.PACT	  SFA5	  

Bad	  Krozingen6	  

Leipzig	  Registry7	  

Illumenate	  FIH8	  

In.PACT	  Global	  Reg9	  

In.PACT	  Global	  	  LL10	  
(15-‐25	  mm)	  

In.PACT	  Global	  	  LL10	  
(>25	  mm)	  

1Werk	  M	  et	  al.	  Circula@on	  2008;	  2Werk	  et	  al.	  Circ	  Cardiovasc	  Interv	  2012;	  3Tepe	  G	  et	  al.	  N	  Engl	  J	  Med	  2008;	  4icari	  A	  Et	  al.	  J	  Am	  Coll	  Cardiol	  Intv	  2012;	  5Tepe	  et	  al.	  
Circula@on	  2015;	  6Zeller	  T	  et	  al.	  J	  Endovasc	  Therapy	  2014;	  7Schmidt	  A.	  LINC	  2013;	  8Schroeder	  H	  et	  al.	  Catheter	  Cardiovasc	  Interv	  2015;	  9Laird	  J.	  Endovacsular	  Today	  
Feb	  2015.	  10Ansel	  G.	  TCT	  2015.	  
	  



Zilver: DES vs BMS 
5-year Primary Patency 

BMS	  

Zilver	  PTX	  72.4%	  

53.0%	  

p	  =	  0.03	  

Years	  (LESIONS)	   0	   1	   2	   3	   4	   5	  

Provisional	  
Zilver	  PTX	  

At	  
Risk	   63	   55	   46	   38	   31	   25	  

Faile
d	   0	   6	   10	   11	   14	   15	  

Provisional	  
BMS	  

At	  
Risk	   62	   42	   35	   29	   26	   19	  

Faile
d	   0	   15	   20	   23	   24	   26	  



• 12-month primary patency rate was 96.1% (49/51) 
• Kaplan-Meier estimate: 96.4% 

Primary patency defined as duplex ultrasound peak systolic velocity ratio ≤2.5 and 
absence of TLR or bypass. Caution: Investigational Device. Limited by US law to 
investigational use only. Not available for sale. 

0 1 2 3 4 6 9 12 
Entered 57 57 56 56 56 56 55 53 

Events  0 0 0 0 0 1 1 0 
Event Rate 0% 0% 0% 0% 0% 1.8% 3.6% 3.6% 

Eluvia is an investigational device pending CE Mark and is not available for sale. 
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MAJESTIC (Eluvia) 

Patency at 12 Months 

Muller-‐Hulsbeck	  VIVA	  October,	  2015	  

SFA	  DES:	  Primary	  Patency	  12	  months	  

Study	  Overview:	  MAJESTIC	  
Objec^ve	   Evaluate	   the	   performance	   of	   Eluvia	   DES	   System	  when	   trea@ng	   Superficial	   Femoral	   (SFA)	  

and/or	  Proximal	  Popliteal	  Artery	  (PPA)	  lesions	  up	  to	  110mm	  in	  length	  

Inves^ga^onal	  Centers	   14	  sites	  (Europe,	  Australia,	  New	  Zealand)	  

Follow-‐up	   Baseline,	  Procedure	  1	  month,	  9	  months,	  1	  year,	  2	  years,	  3years	  

Primary	  Endpoint	   Primary	  patency	  



DeRubertis et al. J Vasc Surg 2007 
Surowiec et al. J Vasc Surg 2005 
Baril et al. J Vasc Surg 2010 
Dosluoglu et al. J Vasc Surg 2008;48:1166 

Patency	  
12	  mos	  

Patency	  
24	  mos	  

TASC	  C	  stent	  
	  

83%	   80%	  

TASC	  D	  stent	  
	  

54%	   28%	  

139 limbs 



Next	  Step:	  Longer	  Lesions	  
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TASC A and B lesions 
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Primary	  Patency	  Results	  Beyond	  1	  Year	  
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BMS	  

Zilver	  PTX	  

DCB - BMS 
Matched Cohort:  DCB  BMS P-Value 

Lesion length, mm 171 ± 108 159 ± 114 0.2 

Instent restenosis, % 18 19 0.8 
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Femoro-popliteal Occlusive Disease 
Conclusion 

•  We can cross most lesions but struggle in 
keeping them open, especially in the worst 
disease morphologies. 

•  We are moving away from an “implant-based” 
approach and toward a drug delivery approach. 

•  Significant randomized data is accumulating. 
•  Challenges remain. 


