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Pros of BMS Use 

The ZILVER PTX trial was the first randomised study that compared the safety and efficacy of stenting with 
a provisional polymer-free paclitaxel-eluting Zilver PTX stent, as compared with provisional BMS. There 
was a secondary random assignment for treatment with either provisional BMS or DES immediately after 
acute PTA failure. However, only 59 patients with BMS and 61 with DES were analysed, so the study wasn’t 
extensive enough to draw any firm conclusions. (1). 

Dr Gouëffic published the BATTLE trial, a randomised controlled multicentric study that included: rigor-
ous independent data collection; adjudication by duplex ultrasound core laboratory; a clinical events com-
mittee; a data safety monitoring board; a follow-up of 24 months of clinical assessment x-rays; and 100% 
source data verification. The paclitaxel-coated stent failed to show superiority in comparison to a BMS 
at 12 and 24 months (2). The conclusion was that a coated stent with early drug release lacks sustained 
benefit as compared with BMS. 

The EMINENT study is the largest randomised trial of DES (Eluvia® stent) versus self-expanding bare 
nitinol stents for SFA/PPA reporting patency to date. With an endpoint of 12 months, the study involved 
58 centres from 10 European countries (3). The Kaplan-Meier outcome in terms of primary patency was 
85.4% for the DES vs. 76.3% for the BMS collection.

Regarding safety data, the authors stated that ‘We are not treating our patients to have a perfect prima-
ry patency, we want to avoid re-interventions’, which are directly related to quality of life. There were no 
differences between DES (very expensive) and BMS (very cheap) when looking at total or clinically driven 
target lesion revascularization. The BMS collection included a lot of old-fashioned first generation BMS. 

The EVOLUTION trial is a prospective, non-randomised, multi-centre study investigating the efficacy of 
the self-expanding iVolution pro nitinol stent (from iVascular), a new generation BMS. Femoropopliteal 
lesions were included, the mean lesion length was 8.9 cm. The  iVolution pro group showed better 
results (PP 86.3%) than the group of old-fashioned BMS and similar results to DES  after one year (if com-
pared with EMINENT trial results; although this should be considered as a trend because the results 
from different trials are not directly comparable). (4)

The Dogma: BMS Use in Femoropopliteal Arteries

Pros of BMS Use - K. Deloose   
Koen Deloose, MD, Head of Vascular Surgery Department, AZ Sint Blasius,  
Belgium
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What about treating complex and long lesions with a combination of Luminor (DCB) and iVolu-
tion pro (BMS)?

The TINTIN trial (Treatment with the LumINor DCB and The IvolutioN BMS from iVascular in TASC C 
and D femoropopliteal lesions) was a multi-centre trial studying the combination of DCB and BMS in 

TASC C and D, including popliteal lesions, so we have 
a proven scaffold in this area from the EVOLUTION 
trial. Primary patency after one year is 90.5% (with a 
lesion length of 24 centimetres) (Figure 1). The free-
dom from clinical-driven TLR is 82% after three years 
and 95% after one year (compared with the 10% TLR 
rates in the Eluvia group). 

Critical points for choosing BMS (+DCB):

1.	 Long lesion lengths.

2.	 Versatility. 

3.	 Health-economic analysis. 

Summary

-	 No difference between ZILVER PTX vs. BMS (BATTLE trial).

-	 There was no difference in reintervention rate between Eluvia vs. old fashioned BMS-collection 
(EMINENT trial). Eluvia just showed a small advantage in primary patency

-	 New generation BMS as iVolution pro achieves better results than BMS-arm in EMINENT.

-	 The combination therapy of iVolution pro with Luminor (highly effective DCB) is the winner for 
treating more complex and longer lesions (TINTIN trial).

-	 Versatility and positive health-economic analysis pushes the balance in the direction of (DCB +) 
BMS.

-	 The safety issue in a long-acting DES needs to be clarified.

Figure 1: Luminor & iVolution pro combinations.
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The whole algorithm of endovascular femoropopliteal treatment needs to be considered to decide be-
tween BMS or DES treatment. This includes the approach, the crossing, the vessel preparation, and the 
treatment. The data is different for intermediate lesions (<15 cm) and longer lesions (>15 cm). 

<15 cm Lesions

BMS Use in <15 cm Lesions

In these studies, there are only 
3 randomised controlled trials 
(RCT) (Vienna, Fast and Resilient); 
POBA was used as the compara-
tor. The rate of in-stent restenosis 
(ISR) ranged from 12% to 37%, as 
shown in Table 1. A class effect 
for all BMS regarding their ther-
apeutic and adverse effects was 
considered (no comparison be-
tween them). 

The main issue with BMS is intimal hyperplasia because BMS uses scaffolding, so there is no elastic 
recoil or constrictive remodelling. Many devices were tried to prevent and to treat intimal hyperplasia 
(systemic and local treatment), but either they failed to show any differences, or they were not very easy 
to use.

DET Use in <15 cm Lesions

The best treatment to prevent ISR and to treat restenosis is DET: DCB or DES. Different drugs can 
be used, like sirolimus, but paclitaxel (PTX) is the main drug to use. The ZILVER PTX RCT study showed 
that PTX has a substantial morphological and economic outcome up to 5 years compared to POBA (not 
the standard of care), but not to BMS (considered the standard of care by some physicians) (16). 

DCB reduces late lumen loss, binary restenosis, and TLR compared with POBA alone in the treatment 
of femoropopliteal disease (17–20). Many data about DCB is published, but there are some limitations, 

Cons of BMS Use - Y. Gouëffic    
Yann Gouëffic, MD, PhD, Groupe Hospitalier Paris Saint Joseph,  France

Table 1: BMS for intermediate lesions (9–15 cm).

The Dogma: BMS Use in Femoropopliteal Arteries



- 7 - 

because stenosis >18 cm, occlusions >10 cm, severe calcifications, or failure of vessel preparation were 
excluded, thus, generalizability of the data to real-world cases may be limited. 

In 2018 safety concerns arose on the use of DCB and DES, as compared to BMS. Since 2020 many studies 
have shown the safety of DET. Some examples are:

-	 The BATTLE trial compares BMS vs. Zilver PTX® for the treatment of femoropopliteal lesions, with 
neither device showing any superiority in terms of in-stent restenosis at 1 year and 2 years (2).

-	 The EMINENT trial (the largest industry-sponsored randomisation trial of DES for SFA/PPA to 
date) showed a significantly greater rate of clinical improvement (primary patency) without TLR for 
Eluvia DES vs. BMS (as a class effect). Hypoechogenic halo occurrence was 26% in Eluvia vs. 18% in 
BMS (not significant) (3).

>15 cm Lesions

For longer lesions open surgery should be performed. There is not enough data to compare open surgery 
and DES, but a meta-analysis of long lesions shows that the best results are obtained with DES and DCB 
(Dubosq et al. Submitted).

Summary

-	 For intermediate femoropopliteal lesions <15 cm in length, DET (DES/DCB) should be the first line 
of treatment.

-	 For long femoropopliteal treatment, the best endovascular treatment must be defined but DET 
are promising. 

-	 For all femoropopliteal treatments, BMS are still required as bailout stenting after DCB treatment.
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This case is about a 74-year-old man, Rutherford category 4, left leg, long occlusion, SFA popliteal artery, 
not fit for surgery. 

Baseline angiography (Figure 2) showed extreme calcification in the SFA and CFA level, flush occlusion, 
inverted position of the profunda and SFA, distally, only a single vessel runoff. 

Recanalization options were either intra-luminal or 
subintimal, but the first option was chosen for ver-
satility. We did it, with difficulties, using a 4F cathe-
ter, reaching only the mid-femoral segment. A distal 
puncture and retrograde crossing were not used at 
that moment. So, the next step was to use a co-axial 
4F diagnostic catheter and a 0.018’’ guidewire com-
patible support catheter system, to reduce the fric-

tion (Figure 3). We were able to redirect towards medial and then the connection towards the distal was 
made without perforation, connecting the anterior tibial artery and the tibioperoneal trunk.  

The next step was a PTA 6/250 mm balloon, which confirmed the inverted position of the superficial femo-
ral artery. After this, using a DCB was dismissed, as the amount of calcium was too high. Also, the Nitinol 

Interwoven stent was discarded as, despite its flexibility, 
it can cause difficulty in placement at the proximal level. 
The Nitinol slotted-tube stent (Figure 4) works well if 
there is good vessel preparation. A 6 mm stent was placed 
and post dilated at 5 mm. At the proximal part a larger 
stent was implanted and post dilated.  

A good result was obtained, with a suitable lumen (Figure 5), 
improved flow and no embolization. The clinical course was 
uneventful, rest painless and no restenosis 1 year later. 

Case Presentations 

1st Case - SFA Popliteal Disease - J. van den Berg  
Jos C. van den Berg, MD, Regional Hospital of Lugano, Switzerland

Figure 2: Baseline angiography

Figure 3: Coaxial catheter system.
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Figure 4: Nitinol slotted-tube stent. Figure 5: Control angiography.
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We have a 67-year-old male patient, heavy smoker, with 
hypertension, right <50-meter claudication, and the right 
SFA was completely occluded (Figure 6).

Procedure

Our standard treatment was a 4 FR support catheter to-
gether with a 0.035” hydrophilic guidewire. We did an en-
doluminal dilatation with a 4 mm conventional balloon to 
see how it was going at that level. Control angiography 
shows a relatively poor outcome. 

We dismissed the stenting option, and we performed a 
DCB, because it is a good option for SFA. The question 
was if the 4 mm was enough for vessel preparation or if 
we should do another option (scoring balloon, atherecto-
my, or bigger balloon). We dismissed these other options 
as the calcification was low, so we chose a direct DCB 5 
mm - Inflation Time >3 min. The angiography showed a 
poor result again (Figure 7). 

A prolonged PTA was done, PTA 5x60 mm, with a regular 
balloon and an inflation time of 5 min. There was a dis-
section, not really flow limiting, but quite challenging. A 
stenting procedure was performed, with DES 6x100 mm 
(Figure 8). We always choose to use a DES, even after a 
DCB. Control images showed an excellent outcome in the 
angiography and IVUS. 

Case Presentations 

2nd Case - Severe Claudication - F. Fanelli  
Fabrizio Fanelli, MD, Head of Vascular and Interventional Radiology Department, 
Careggi University Hospital, Italy

Figure 7. The angiography showed a poor result after DCB.

Figure 8: Angiography DES 6x10 mm

Figure 6: Complete occlusion right SFA (baseline).
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The last case is a male, Rutherford 5, severe disease in the right SFA and left SFA, both with severe calcifi-
cation. We will discuss the right SFA.

Procedure

We started a ventrolateral distal puncture with a 6 Fr sheath for 
a crossover. We always prefer to stay intraluminal with a 0.035” 
wire when there are short lesions. As this did not work, we tried 
crossing 0.018 hydrophilic wire, which allowed us to touch the 
occlusion slightly. We were not able to cross this calcified lesion, 
so we went for a CTO wire (Figure 9). We were able to advance 
slowly, manoeuvring intraluminal, with free movement of the 
wire and no buckling. 

We don’t normally use catheters; we use a PTA balloon directly to give support. In this case, we used a 5 mm 
balloon without success. We tried to predilate it. 

We maximized the same position through the 6 Fr and brought a 4 Fr as close as possible. We used the same 
balloon. We managed to go through, and we didn’t have to change. So, in the end, we were able to predilate. 
The vessel was predilated at 5 mm 0.018” then we changed to PTA 6 mm 0.035”.  There were still segments 
that were resistant so a PTA 7x60 mm was used. The focal calcified areas were hard to balloon. We went for 
high pressure, as resistance was high, and a recoil was seen. 

We used a stent because the mechanical force at long-term 
could be significant. We used an iVolution pro 6x200 mm 
with perfect positioning; I got through the stent without dif-
ficulties.  Gentle passing through the stent with excellent re-
sults, allowing us to measure the exact length of the distal 
part first before post-dilating with a 6 mm Oceanus balloon, 
which gave a good result (Figure 10).

So, in this case, the combination of vessel preparation with an 
Oceanus PTA 6 mm balloon and the insertion of an iVolution pro 6x200 mm stent was able to cope very 
well with calcium and did not burst even when subjected to high pressure. Especially in these long lesions, 
with 40 centimetres of stenting, deploying the iVolution pro, tackles the SFA perfectly. 

Case Presentations 

Figure 9: CTO wire. 

Figure 10: Post dilatation (iVolution pro).

3rd Case – FA Long Lesions iVolution pro-Luminor.  
L. Maene     
Lieven Maene, MD, OLV, Belgium
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In December 2018, the team led by Katsanos et al. published a Systematic Review and Meta-Analysis 
of Randomised Controlled Trials, which analysed Paclitaxel-Coated Balloons and Stents in the 
Femoropopliteal Artery of the Leg (21). The investigation included 28 RCTs (24 DCB+4 DES) vs. PTA, 
with 4,663 patients (89% intermittent claudication). The primary safety measure was all-cause death. While 
at 1 year there were no differences among paclitaxel-coated devices and control arms in total mortality, at 
2- and 4-5-years paclitaxel-coated devices showed an increase in mortality. The conclusion was that there 
was an increased risk of death following the application of paclitaxel-coated balloons and stents in the 
femoropopliteal artery of the lower limbs, and that further investigations were urgently warranted.

In 2019, the FDA asked to analyse the data extensively. Initially, they stated that the benefits of pacl-
itaxel-coated balloons and stents continue to outweigh their risk, but only while doing patient sur-
veillance. However, in March 2019, replicating the statistical analysis, the mortality signal was confirmed. 
In August 2019, the FDA made the recommendation not to use PCB and PES but to consider alternative 
treatment options to PCB and PES for many patients, as they provide a more favourable benefit-risk pro-
file. They also recommended informing the patient about the use of PCB or PES.  

The medical community was divided. The main arguments against Katsanos’ data were: 

1st Methodological errors in the meta-analysis and multiple limitations of the available statistical data, in-
cluding patients lost from follow-up, the reinterventions that patients had or the causes of patient death. 

2nd No signal present in randomised trials of paclitaxel de-
vices used in other vessel beds. As an example, Scheller 
demonstrated a trend of lower mortality using coronary 
PCB with 4590 patients enrolled in 26 RCT(22). 

3rd Large well-conducted observational studies refuted 
the mortality signal (24) (Figures 11 and 12), concluding 
that the undisputed benefit of DES and DCB outweighed 
the theoretical and uncertain risk (25).

The pooled RCT analyses done by Katsanos (the yellow 
segment of the pie chart) included 2185 patients whereas the huge number of Real World analyses that 
demonstrated no evidence for increase mortality associated with PTX-base devices included 

Hot Topics 

Why Is Paclitaxel the Main Drug Used? - R. Ferraresi 
Roberto Ferraresi, MD, Head of Peripheral Interventional Unit, San Carlo Clinic, 
Italy

Figure 11: Hazard ratio risk for mortality according to 
different studies.
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359587 patients (sum of all grey segments). This comparison seems to refute the presence of a mortality 
signal (Figure 12).

Meanwhile, there were still arguments in favour of pacli-
taxel, even if the cause was not detected. The use of pa-
clitaxel devices should be restricted to CLI. Nevertheless, 
taking all the information into consideration, I decided to 
continue using paclitaxel devices for all patients, as the 
efficacy is better. 

Dr Katsanos’s second analysis (25) was about an in-
creased death and amputation rate in CLI patients. The 
criticisms of this analysis were: 

-	 Key confounders: CLI risk profiles/co-morbidities 
(highly competitive mortality risk).

-	 Under-powering/Type I error.

-	 Incomplete dataset from non-published data.

-	 Same limitations as the previous meta-analysis, further amplified within a much more complex popu-
lation.

-	 Ignoring all learnings from the previous year’s critical review of the first meta-analysis.

The third analysis  in 2022 only addressed amputation using paclitaxel devices on lower limbs (26).  

But we would like to review the answer iVascular provided and new studies.

1st In the Luminor Registry study (27), even with a very sick population, the result of 12 months is highly 
satisfactory in terms of survival, freedom from amputation, patency, and the absence of reintervention.

2nd The multi-centre randomised control trial (28) of patients with the Luminor DCB in the EffPac  1 year 
follow-up showed that the novel DCB was effective and safe for inhibiting restenosis, with no mortality 
concerns due to paclitaxel application after 12 months. 

3rd In an RCT with 171 patients Luminor DCB and follow-up at 2 years (28), it was concluded that the 
incidence of primary patency after paclitaxel DCB angioplasty was superior to patency after conventional 

balloon angioplasty. Safety after DCB angio-
plasty was maintained for 2 years, with no 
major amputation (Figure 13). 

For other DCBs, 3- and 5-year follow-ups 
have shown that there is no difference be-
tween paclitaxel and non-paclitaxel devices. 

With regards to new studies, several me-
ta-analyses — including a large number of 
patients and from 4 or 5 years and up to 
11 years of follow-up have confirmed that Figure 13: Primary patency after 2 years in different studies. 

Figure 12: Real world data added to the initial Katsanos data (23).
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PTX-coated devices are associated with improved overall survival, amputation-free survival, freedom from 
major amputations, and freedom for target vessel revascularization throughout a 4-year follow-up. 

In summary

The initial Katsanos results have not been confirmed and the high number of real-world analyses of sam-
ples sized > 2 orders of magnitude higher than RCT pooled analyses have demonstrated no evidence for 
increased mortality associated with PTX-based devices up to 11 years. 

PTX devices in CLTI patients are associated with:

-	 Reduced long-term all-cause mortality 

- 	 Lower rates of major cardiovascular events

- 	 Reduced rates of amputations
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We will review some pieces of evidence that have emerged from new clinical outcomes of iVascular 
devices.

First, the EVOLUTION trial (4) was a prospective, non-randomised multi-centre study investigating the ef-
ficacy of the self-expanding iVolution pro nitinol stent in the treatment of femoropopliteal lesions, mean 
lenght 8.9 cm. The primary patency at 24 months is 76.7%. The problem with the bare-metal stent is that, 
firstly, it loses patency when the lesions get longer (lesion length is a negative predictor for patency), and 
secondly, in the longer run, it can present problems at 2-4 years, when patency rates drop tremendously. 
Therefore, combining the stent with an efficient drug-coated balloon seems to be the solution.

The EffPac trial (27-28) was a multi-centre randomisation-controlled trial to assess the effectiveness of a 
paclitaxel-coated balloon catheter (Luminor) vs. an uncoated balloon catheter in the superficial femoral 
and popliteal arteries to prevent vessel restenosis or re-occlusion. The LLL was the primary endpoint at 6 
months.

At 6 months, the LLL was 0.14 mm for Lumi-
nor, 1.06 mm for the control and the difference 
was -0.92 mm (DCB vs. POBA, p<0.001). At 60 
months, Luminor still shows an advantage over 
the POBA (freedom from TLR after 60 months, 
Luminor 82.1%, POBA 73.7%, p=0.0501). At 5 
years, the primary patency rates were 61.4% for 
Luminor vs. 53.5% for POBA (Figure 14).

Very efficient data, but short lesion length. 

Third, the TINTIN trial (Treatment with the Lu-
mINor DCB and The IvolutioN BMS from iVascular planned to analyse the Luminor and iVolution pro 
combination therapy. The patients and lesions characteristics included are challenging (Figure 15): (29)

-	 Claudicant 72%

-	 CLI patients 28%

-	 Occlusions 60%

Hot Topics 

DCB Outcomes at Long-Term Follow-Up - K. Deloose  
Koen Deloose, MD, Head of Vascular Surgery Department, AZ Sint Blasius,  
Belgium

Figure 14: EffPac primary patency at 60 months.
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-	 High Rutherford scores

-	 Lesion lenght 24 cm

At 36 months, the survival rate was 70.8%. There 
were no deaths at 30 days, no CD-TLR and no 
target limb major amputations (Figure 16). At 3 
years, 27 deaths, 14 CD-TLR and no major am-
putations were reported. The freedom from CD-
TLR at 36 months was 82.2%. In terms of clinical 
assessment, there was an improvement of ankle 
brachial index and Rutherford’s classification, 
which is sustained up to 36 months. 

Although we cannot directly compare different 
clinical trials, Figure 17, shows freedom from TLR 
after 3 years for the drug-coated balloon clinical 
trials, with the black dot representing the length 
of the lesions. The blue columns show the DES 
group, the yellow column shows the results for 
bypasses, and the red column shows the prima-
ry combination of DCB+BMS, in which lesions of 
24 cm achieved 82.2% of freedom from TLR af-
ter 3 years.

Summary

-	 Luminor DCB persists in showing improvement compared with POBA in terms of f-TLR and prima-
ry patency up to 5 years in the German EffPac trial.

-	 The Belgian TINTIN trial shows impressive 36 months results in lesions of 24 cm, 60% CTO and 28% 
CLTI patients: f CD-TLR of 82.2%.

-	 Benchmarking with other 36-month outcomes underlines the efficacy of drug elution and scaffold-
ing in real-life lesions, also in the long term.

Figure 15: TINTIN patient and lesion characteristics.

Figure 16: TINTIN survival rate at 36 months.

Figure 17: Benchmarking with other studies. 
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