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Abstract

Background and objective: Stenting of long lesions TASC C-D of the superficial femoral and/or popliteal artery (SFPA)in patients with critical limb 
ischemia (CLI) is associated with a restenosis rate of around 50% at one year. The aim of the present study was to evaluate feasibility and efficacy of a new 
local delivery of paclitaxel through a microporous PTFE balloon to prevent in-stent restenosis in these patients.

Methods: Prospective, single-centre, non-randomized study included patients with CLI presenting de novo atherosclerotic lesions of the SFPA >15 cm in 
length, grade C or D of the TASC II classification. Paclitaxel was delivered after stent implantation, using a microporous balloon. The primary endpoint was 
the rate of in-stent restenosis at 12 months. 

Results: From December 2013 to August 2014, 15 patients were included; 9 were followed up until 1 year, of whom 8 had total thrombosis of the SFPA. 
Three patients dropped out of the study and 3 procedures failed. The average length of the stented segment was 352 mm. There was no delivery failure or 
adverse effects. During follow-up, there were 5 thromboses and 2 restenoses, leading to 2 bypasses, 3 angioplasties and one fibrinolysis, yielding a restenosis 
rate of 78% and a TLR rate of 67% at one year. 

Conclusion: Our results suggest that local delivery of paclitaxel with this method of local delivery incurred no adverse effects but is not effective in 
preventing restenosis of long stenting of the SPFA in patients with CLI. 

INTRODUCTION
The Trans-Atlantic Inter-Society Consensus Document II 

(TASC II) classification recommends surgery for multiple or long 
occlusive lesions type C or D of the superficial femoral and/or 
popliteal artery (SFPA), regardless of the clinical symptoms [1]. 
Technical progress has enabled endovascular treatment of these 
lesions. However, percutaneous transluminal angioplasty (PTA) 
of TASC C and D lesions in patients with critical limb ischemia 

(CLI) is associated with a restenosis rate of around 50% at one 
year [2,3]. Local delivery of paclitaxel has been used as a strategy 
to prevent restenosis for several years, such as with active 
coronary stents [4], drug-eluting balloons [5] or implantation of 
active stents for peripheral artery disease (PAD)6. In all contexts, 
the dose of paclitaxel was in the range of 3 µg/mm² [5-7].

However, studies showing the efficacy of active stents and 
balloons in femoropopliteal lesions were mainly performed on 
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TASC II A and B lesions. In 1997, Axel et al demonstrated the 
feasibility of local delivery of paclitaxel to the arterial wall using 
a microporous balloon [8]. A further animal study showed that 
diffusion of the drug was greater with a microporous balloon 
than with a coated balloon [9]. A microporous balloon made of 
polytetrafluoroethylene (PTFE), with a diameter compatible 
with the femoral and popliteal arteries, can be used for the local 
delivery of medication, notably fibrinolytics (Clearway, ATRIUM, 
MAQUET Getinge Group, Germany). Latif and Hennebry used this 
balloon for local delivery of paclitaxel in the lower limb arteries 
of 2 patients [10] and subsequently initiated the IRRITAX study 
(Local paclitaxel delivery for SFA disease, ClinicalTrials.gov, 
NCT00821028) in 2009. The IRRITAX study was a randomized 
study that included patients with claudication and TASC A, B or 
C lesions, but the results have not been published to date. The 
balloon itself does not contain any medication, which removes the 
risk of medication loss during the balloon transit and placement, 
and it can be moved and used to diffuse the medication as many 
times as necessary, making it possible to treat long lesions with 
a single device. To date, studies of local delivery of paclitaxel in 
the SFPA have not reported any drug-related adverse effects 
[3,10,11]. Intra-arterial chemotherapy using paclitaxel at doses 
equivalent to intravenous chemotherapy (175mg/m²) did not 
lead to any specific complications in the study by Damascelli et al. 
[12]. Animal studies with an active stent (Zilver PTX Drug Eluting 
Stent, Cook Medical, Bloomington, Ind) at doses of up to 12 µg/
mm² also failed to cause any local or general complications [13].

We hypothesized that local delivery of paclitaxel through a 
microporous PTFE balloon would reduce the rate of short-term 
restenosis after stenting of long, TASC C or D lesions of the SPFA 
in patients with CLI. In this context, we performed a pilot study to 
evaluate the feasibility and safety of this approach, with a view to 
designing a subsequent randomized, multicentre trial.

MATERIALS AND METHODS
This was a single-center, prospective, open-label, non-

randomized feasibility study conducted between March 2013 
and March 2015. The study was approved by the local Ethics 
Committee, and was also approved by the French national 
authority for the protection of privacy and personal data (CNIL), 
and the French national Health Products Safety Agency (ANSM). 
This study has been registered on Clinicaltrials.gov:NCT02835586

Study population

All adult (>18 years) patients presenting with de novo TASC C 
or D atherosclerotic lesions of the SFPA, and with CLI (stages III 
and IV of the Fontaine classification, with an ankle pressure <50 
mmHg), and managed in our Department between March 2013 
and March 2014 were eligible for inclusion. Intra-stent restenosis 
and non-atherosclerotic lesions were excluded. Patient with 
active cancer, neutropenia, or a known allergy to paclitaxel, and 
patients receiving chemotherapy or immunosuppressants were 
also excluded. All patients provided written informed consent 
before inclusion.

Study endpoints 

The primary endpoint was the rate of restenosis at 12 months. 
Lesions were considered significant if narrowing was >50% on 

Doppler ultrasound with a peak systolic velocity >2.5.

Secondary endpoints were: 

- the rate of restenosis at 1 and 6 months. 

- the rate of primary and secondary patency at 1, 6 and 12 
months.

- the occurrence of adverse effects related to the drug 
(leukopenia, thrombopenia). 

- need for repeat intervention on the SFPA (target lesion 
revascularization, TLR) at 1, 6 and 12 months. 

- need for repeat intervention on the same lower limb (target 
extremity revascularization, TER) at 1, 6 and 12 months. 

- the rate of limb salvage at 1, 6, and 12 months.

- the cumulative rate of morbidity and mortality at 30 days 
defined as the occurrence of any one or more of the following 
criteria : death, myocardial infarction, unstable angina, stroke or 
transient ischemic attack (TIA), major amputation, re-admission 
or re-intervention for any of: hematoma, active bleeding, 
thrombosis, false-aneurysm or arteriovenous fistula. 

- Comparison of blood levels of paclitaxel between patients 
presenting restenosis and those without restenosis. 

Study procedures

Inclusion and follow-up: All patients who met the inclusion 
criteria had a biology work-up prior to the intervention, 
including full blood count, creatinine, C-reactive protein (CRP) 
and troponin. They also underwent Doppler ultrasound with 
morphological and hemodynamic assessment of the stenosis, 
measure of systolic blood pressure at the ankle, calculation of the 
ankle-brachial index, and assessment of limb vascularization. 

Morphological imaging by CT angiography, MRI angiography, 
or arteriogram was performed in addition to the Doppler 
ultrasound to determine the exact TASC type of the lesion(s). 

On day 1 after the intervention, blood tests were repeated, 
measuring the same variables as pre-intervention. Blood 
paclitaxel levels were measured at 24 hours after the injection. 
Doppler ultrasound was also performed again on day 1 post-
intervention.  

At 1, 6 and 12 months post-intervention, patients underwent 
clinical examination with the surgeon to check for complications 
or criteria for study withdrawal. Doppler ultrasound was 
performed at all 3 visits. Morphological assessment was 
performed again if the clinical outcome was unfavourable. At 6 
months, plain X-ray of the stents was performed to search for 
possible stent fracture. 

Endovascular procedure: All interventions were performed 
in the operating theatre. The type of anesthesia was left at the 
discretion of the anesthesiologist, depending on whether or not a 
simultaneous intervention to treat wounds was planned. 

Patients received an intravenous bolus of heparin at a dose 
of 50 IU/kg once the introducer was in place. The ipsilateral or 
contralateral femoral approach was used, depending on where 
the lesion was located. The reperfusion procedure was standard, 
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making every attempt to remain within the lumen, with a 
hydrophilic guidewire and a 4 or 5 French catheter. Reperfusion 
was subjectively considered as sub-intimal if it was necessary to 
apply great force to advance the guidewire, or if the guidewire 
took a helical path, or if re-entry difficulties were experienced. 
After catheterization of the lesion, we performed pre-dilation 
with a 3 or 4mm balloon, and then nitinol stents were implanted. 
The stents were dilated to the target diameter with a non-coated 
balloon. The diameter chosen for the stent was the same diameter 
as the artery. 

Paclitaxel was prepared in the central pharmacy of the 
hospital. The dose was extrapolated from the dose fixed on active, 
paclitaxel-coated stents and by calculating the lesion surface area 
to be treated, as described in the IRRITAX protocol, namely:

dose= 22/7 X diameter (mm) X length (mm) X 3 micrograms/
mm^3

For example, for stents with a diameter of 7 mm, and a length 
of 30 cm, the dose of paclitaxel is approximately 20 mg. Paclitaxel 
was diluted to 0.75 mg/mL in NaCl 0.9%, filtered at 0.22 µm, 
and conditioned in syringes of 10 mL (i.e. 7.5 mg of paclitaxel 
per syringe). The excipients used were anhydrous ethanol and 
polyethoxylated castor oil. 

Paclitaxel was transferred into sterile Luer-Lok syringes 
(Termo Fisher scientific, Waltham, USA) of 10 mL. Four mL of 
solution, corresponding to 3 mg of paclitaxel, were injected 
into each 5 cm segment of the lesion using the microporous 
delivery balloon. The paclitaxel solution was injected through the 
syringe by manual inflation. Excess solution was returned to the 
pharmacy for destruction. 

Paclitaxel levels in the blood were measured 2 minutes 
after intra-arterial injection through the femoral sheath. A 
second blood test to measure paclitaxel levels was performed 
intravenously at 24 hours after injection. 

Any associated interventions for trophic problems were 
performed at the end of the procedure. 

Dual antiplatelet therapy (clopidogrel 75 mg daily and aspirin 
75 mg daily) was initiated immediately after the intervention 
and pursued for 3 months, then clopidogrel alone was continued 
long-term. Patients receiving vitamin K antagonists (VKA) were 
given an association of VKA and aspirin 75 mg for the long term. 

STATISTICAL ANALYSIS
Quantitative data are presented as median [interquartile]. 

Results are presented as number (percentage). The rates of 
restenosis, patency, TLR, TER and cumulative morbidity and 
mortality are given as percentages. Kaplan-Meier curves were 
constructed for the rates of restenosis, patency, TLR and TER. 

Blood paclitaxel levels were compared between patients with 
vs patients without restenosis using the Mann Whitney test.

RESULTS
Study population

From March 2013 to March 2014, 15 patients met the 
inclusion criteria and were eligible for inclusion (9 women, 6 
men, average age 77years (67-87). 

Among these 15 patients, 12 were included, and 3 were not (1 
had a kidney transplant, one had severe cardiac decompensation 
and one actually had a TASC type B lesion on pre-intervention 
arteriogram). Among the 12 patients included, there were 3 
procedural failures, and 9 patients actually received a dose of 
paclitaxel, and comprised the final study population. There were 
5 women and 4 men, average age was 77 years (67-87). See the 
Flow Chart in Figure 1.

The characteristics and comorbidities of the study population 
are presented in Table 1,2. All 9 patients were followed up to one 
year; no patient was lost to follow-up. 

The lesions were located on the superficial femoral artery 
in 6, and the superficial femoral and popliteal artery in 3 cases. 
There were 8 occlusions and 1 stenosis. No patient underwent 
dilation of another vascular site during the same procedure. 

Endovascular procedure

Six patients underwent intervention with local anesthesia 
and neuroleptanalgesia, and 3 patients had loco-regional 
anesthesia. The antegrade approach was used in all cases, with 
ipsilateral puncture in 4, and 5 cross-overs. The average length 
of the lesions treated was 352 mm (of 200 mm to 420 mm), and 
an average of 2.7 stents were implanted per patient. In the cases 
with thrombosis, reperfusion was subintimal in 4 cases, and 
intraluminal in 4 cases. Two patients had toe amputation at the 
end of the procedure. 

The average dose of paclitaxel injected was 22.79 mg, 
requiring the balloon to be moved on average 7 times. There 
were no technical complications with regard to the use of the 
drug or its local delivery. 

The average dose of paclitaxel in the blood was 1700 ng/mL 
at 2 minutes, and 3.6 ng/mL at 24 hours. 

With these 2 findings, we can estimate that the dose delivered 
to the vessel wall was 2856 ng/ml.

Primary endpoint

We observed 5 cases of thrombosis and 2 cases of restenosis 
during the 12 months of follow-up, yielding a restenosis rate of 
78%. The Kaplan-Meier curve of restenosis-free survival up to 12 
months is presented in Figure 1. 

These patients required 3 repeat angioplasties, 2 bypasses 
and 1 fibrinolysis, leading to a TLR of 67% at 1 year. One patient 
did not undergo repeat intervention because the restenosis was 
asymptomatic. The Kaplan-Meier curve up of TLR-free survival 
up to 12 months is presented in Figure 2. 

The rates of primary and secondary patency were respectively 
22% and 89% at 1 year. One patient who had repeat angioplasty 
suffered repeat thrombosis of the popliteal artery as an immediate 
complication. This female patient was very elderly and had 
chronic wounds that caused little pain, and was thus followed-
up with watchful waiting and had no repeat intervention up to 1 
year. The Kaplan-Meier curve describing maintenance of primary 
and secondary patency is presented in Figure 3. 

No patient underwent revascularisation of another site 
during the same procedure, giving a TER of 0% at 1 year. No 
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Figure 1 Kaplan-Meier curve for restenosis-free survival with IC 95 %.

Figure 2 Kaplan-Meier curve for target lesion revascularization with IC 95%.

Figure 3 Kaplan-Meier curve for patency with IC 95 %.

Table 1: Baseline characteristics and comorbidities of the study 
population (n=9).

n (%)

Smoking status 4 (44 %)

Current 1 (11 %)

Former 3 (33 %)

Hypertension 7 (78 %)

Dyslipidemia 4 (44 %)

Diabetes 4 (44 %)

Renal insufficiency 4 (44 %)

Dialysis 1 (11 %)

History of coronary artery disease 2 (22 %)

History of revascularization of the treated limb 1 (11 %)

Clinical stage

Ischemic rest pain 0

Tissue loss 9 (100 %)

Table 2: Lesions and endovascular procedure characteristics.

Type of lesions

Occlusion 8

Stenosis 1

Localization of lesions

SFA 6

SFA and popliteal artery 3
Average length of the stented 

segment 322 mm

Average number of stents 2,7

Number of patent leg artery

1 4

2 3

3 2

adverse paclitaxel-related effects were observed. Limb salvage 
rate was 100%, and 3 patients’ wounds were completely healed 
at 1 year (33%). 

The cumulative morbidity and mortality was 0%. 

Paclitaxel levels in the blood could not be compared because 
of the small number of patients with no restenosis (n=2). 

DISCUSSION
Local delivery of paclitaxel using a microporous balloon as 

a means to limit the risk of restenosis after long stenting of the 
SFPA in patients with CLI is feasible and safe, but does not appear 
to be efficacious. This lack of efficacy could be related to the 
method of delivery, the drug itself, or the type of lesions. 

The use of a microporous catheter to deliver a drug to the 
arterial wall was first demonstrated in 1990 [14]. Since then, this 
type of catheter has successfully been used by many other teams15. 
Numerous recent studies have shown the benefit of active stents 
on restenosis, but most included short lesions of the superficial 
femoral artery [11,16-19]. Indeed, almost all the studies included 

lesions <18 cm, with an average of around 6 to 8cm. This could 
be explained by the fact that currently, only short balloons (up to 
150 mm) are available, thus requiring the use of several balloons 
for the treatment of long lesions. This raises several challenges, 
such as the cost per patient, the risk of toxicity, and the absence 
of marketing authorization for this indication. Furthermore, in 
studies to date, the patient populations were heterogeneous, 
with a low level of disease severity (Rutherford class 2 to 4). 
Only the BIOLUX P-I and LEVANT I studies included patients 
in Rutherford class 5 [11,17]. The lesions in studies to date 
were also heterogeneous (de novo and restenosis), with <50% 
thrombosis, and certain lesion types were excluded (e.g. heavily 
calcified lesions). Finally, only the study by Micari et al., included 
TASC C and D lesions [20]. In their study, Micari et al., included 
105 patients with lesions >15cm (251 ± 71 mm), with almost 
50% being total occlusions. Only 11% of patients underwent 
stent implantation, and primary patency at one year was 83%. 
No patient had trophic disorders. In our study, all patients had 
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CLI with longer lesions, and 90% had occlusion. Stenting was 
systematic in our study. Conversely, our results are in line with 
those of the STELLA-PTX registry, in which Davaine et al reported 
that paclitaxel-eluting stents did not achieve their goal in terms of 
prevention of in-stent restenosis for TASC C/D femoropopliteal 
lesions [21]. Our study presents the advantage of being a more 
homogeneous group of patients, with well-defined lesions, and 
is the only study, to the best of our knowledge, to investigate the 
efficacy of paclitaxel injected directly after stenting for de novo 
lesions. Published studies to date often used the active balloon 
after first performing pre-dilation, and the stenting rate was 
generally low, at less than 20%.

Furthermore, in our study, paclitaxel was delivered 
directly intra-stent over the full length of the lesion, without 
any possibility of medication being lost during manipulation 
of the balloon between the puncture site and the target lesion. 
This mode of local delivery is therefore theoretically more 
reproducible and better controlled. We also measured paclitaxel 
levels in the blood, which has rarely been done in other studies 
heretofore [11]. Conversely, there are some pre-clinical studies 
that have evaluated the impact of paclitaxel administration on 
the vessel wall in the femoral or iliac arteries [8,22,23]. The 
measurements performed in our study only allow indirect 
evaluation of the level of paclitaxel delivered within the artery. 
Indeed, we were able to ascertain the average dose injected 
(22.79 mg, corresponding to 4556 ng/mL for volemia of 5 L), and 
the average circulating dose at 2 minutes (1700 ng/mL), so we 
can estimate that the dose delivered to the vessel wall was 2856 
ng/mL. A study of an animal model of a paclitaxel-coated stent 
reported rapid delivery of paclitaxel, which remained detectable 
in the vessel wall up for the 56 days of the study [13]. The stents 
contained between 220 and 880 µg of paclitaxel. In our study, the 
total dose was 26 times greater, taking into account the length of 
the treated segments (22 790 µg vs 880 µg). The maximal arterial 
concentration was observed 30 minutes after implantation [13]. 
Measurement of the circulating levels of paclitaxel in the blood 
were performed at 20 minutes in two cases (versus at 2 minutes 
in our study), and showed levels substantially lower (at 6.0 ng/
mL) than those observed in our study. This could be explained by 
superior local drug delivery with coated stents [13]. The animal 
study by Yasdani et al., reported paclitaxel levels in the vessel 
wall, that were quite similar to those obtained with coated stents 
[24]. In their study, the length of the balloon and the total dose 
of paclitaxel carried by the balloon were not clearly indicated, 
except in a subgroup in which several balloons were used in 2 
vessels of the same limb, with a total dose of paclitaxel of 21.5 
± 8mg, which is quite similar to that of our study [24]. However, 
it is not possible to extrapolate results from animal studies 
performed in healthy arteries to the context of atherosclerotic and 
calcified human arteries. In particular, the quantity of paclitaxel 
that spreads in a severely calcified artery remains unknown. It is 
also difficult to determine whether a calcified arteries still have 
the potential for intimal and smooth muscle cell proliferation. 
After the administration of paclitaxel, re-endothelialisation plays 
an important role. At low doses, endothelial cells are inhibited 
less than muscle cells, whereas at higher doses, the proliferation 
of both cell types is inhibited (8). We therefore propose several 
hypotheses that may explain the lack of efficacy of local paclitaxel 

delivery using a microporous balloon. Firstly, paclitaxel is not 
delivered in the vessel wall. The size of the pores, ranging from 
2 to 50 µm, is sufficient to allow infusion of paclitaxel out of the 
balloon [25]. Paclitaxel is known for its adhesion property, but 
in the experimental study by Anderson et al [25], which tested 
cremophor-paclitaxel as used in our study, the adsorption of 
the drug on the balloon was negligible. Conversely, paclitaxel 
demonstrates significant adsorption on the balloon when other 
excipients are used, such as urea or iodixanol. Differences in 
experimental protocols between studies preclude comparison 
of the findings across studies. The use of the albumin-bound 
paclitaxel nanoparticle Abraxane® (130 nm) showed superior 
uptake into the tissue, but cremophor-paclitaxel and Abraxane® 
inhibited the growth of both smooth muscle cells and endothelial 
cells, which could comprise vessel wall healing [25,26]. 
Insufficient apposition of the balloon to the vessel wall could also 
explain the poor infusion in the wall, and it may be useful to over-
size the microporous balloon with respect to the artery. Different 
pressure conditions and infusion durations could impact on 
the quantity of paclitaxel delivered, as well as on the depth of 
penetration [9,25]. In our study, we manually injected paclitaxel 
in order to precisely control the quantity. However, this method 
of delivery does not allow control of the pressure, and thus, of the 
depth of penetration into the vessel wall. It is also possible that 
the efficacy of paclitaxel could be different depending on whether 
the intraluminal or subintimal approach is used. It is often difficult 
to ascertain whether recanalization is intraluminal or subintimal. 
In our study, we chose to deliver paclitaxel after performing 
stenting of the lesions. It is therefore plausible that the delivery 
of paclitaxel was reduced by the nitinol. Performing pre-dilation, 
followed by paclitaxel then stent implantation might conceivably 
yield better results. Indeed, systematic stenting is also a debatable 
approach. However, to the best of our knowledge, no study has 
shown the superiority of balloon angioplasty of angioplasty with 
stent implantation in this indication. We therefore do not believe 
that the systematic stenting can explain high rate of restenosis. 

Finally, contrary to many previous studies, our patients had 
trophic disorders. The resulting inflammatory syndrome likely 
played a role in the rate of restenosis [27].

As regards the safety, our results are in line with previous 
literature reports, which have failed to show any toxic effect of 
paclitaxel at the dose used [3,11-13].

The high rate of restenosis in our study should not discourage 
the use of a microporous balloon for the local delivery of anti-
proliferative drugs, but the method of delivery, as well as the 
excipients (nanoparticles) need to be further refined. One of the 
advantages of this technique is to deliver a precise dose of the 
drug to the vessel wall, contrary to coated balloons, which lose an 
unquantifiable amount of drug during navigation of the balloon 
towards the lesion site. Finally, the use of the paclitaxel requires 
the use of an excipient, of which some such as urea, have been 
shown to be potentially toxic to cells [25]. 

The main limitation of our study is the small sample size. 
However, the ability to recruit eligible patients and successfully 
perform local delivery of paclitaxel was one of the objectives 
of this pilot study. The low number of patients included over 
a one-year period, the complexity of the protocol, as well as 
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the high level of restenosis at one year suggest that a larger, 
multicenter study in this indication may not successfully achieve 
sufficient patient accrual. Pilot studies are useful to verify the 
capacity to successfully recruit sufficient numbers of patients, 
calculate a sample size for a larger study, and test the logistics 
of the protocol [28,29]. In the case at hand, many patients were 
excluded, because they were often admitted in emergency 
situations that precluded successful performance of the complex 
logistics required by the study protocol. For some other patients, 
the operator failed to cross the lesion. Finally, a significant 
proportion of patients had cancer or other concomitant diseases 
that precluded their inclusion, or that were associated with a 
life-expectancy of less than 12 months. All these factors combine 
to illustrate the potential barriers to recruitment for a larger, 
multicenter randomized trial. 

CONCLUSION
Local delivery of paclitaxel as performed in this study does 

not appear to improve the results of endovascular treatment of 
long lesions of the SFPA in a population of patients with critical 
limb ischemia. We nonetheless believe that this technique could 
be further refined and improved, particularly through the use of 
nanoparticles of paclitaxel or sirolimus, with a view to further 
testing in new studies. 
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