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AN EXPERIMENTAL STUDY OF PACLITAXEL EMBOLISATION DURING DRUG-COATED BALLOON ANGIOPLASTY
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Objective: Drug-Coated Balloons (DCB) improve the patency of femoro-popliteal angioplasty but remain debatable in infrapopliteal lesions since Paclitaxel (PTX) particles embolisation was suspected. The aim of this study was to compare experimentally five DCBs in terms of distal embolism of PTX.

Methods: Twenty-five New Zealand rabbits were divided into five groups according to the DCB used: Lutonix® (Bard), In.Pact® (Medtronic), Passeo-18 Lux® (Biotronik), Ranger® (Boston Scientific) and Stellarex® (Spectranetics) (n=5 in each group). After ligation of the right common iliac artery, a 4x40 mm DCB was inflated in the infrarenal aorta for 180 seconds.

Rabbits were euthanized two hours after the DCB inflation. The infrarenal aorta, a blood sample and three left hind leg muscles [tensor fasciae latae (TFL), vastus lateralis (VL) and tibialis anterior (TA) muscles] were harvested for blind measurement of PTX concentrations and histological analysis (PTX emboli count).

Results:

In the TA muscle (the most distal one), concentrations of PTX were significantly lower for the Ranger (0.067 ng/mg) than for the Lutonix (0.342 ng/mg; p=0.008), In.Pact (0.370 ng/mg; p=0.012) and Passeo-18-Lux (0.160 ng/mg; p=0.021) DCBs. Similarly, concentrations of PTX were significantly lower for the Passeo-18-Lux than for the In.Pact (p=0.028). Concentrations of PTX were not significantly different between DCBs in TFL and VL muscles. Concentrations of PTX were found to be significantly higher in the plasmas, lower in the aortas and on the DCBs after use with the Lutonix than with the 4 others DCBs.

Histological analysis revealed evidence of embolised PTX crystals in small arterioles of all muscle tissue samples without any significant difference between the DCBs.

Conclusions:

This study suggests some differences regarding distal embolisation profiles between the five assessed DCBs. Although clinical implications remain to be demonstrated, our

What this study adds:

This experimental study is one of the first to compare five different drug-coated balloons. It provides the demonstration that differences in drug-coated balloons designs translate into differences in terms of embolisation and vessel wall penetration profiles. Although clinical implications remain to be demonstrated, our results may have implications while choosing a drug-coated balloon, especially in a critical limb ischemia setting.

results may have implications while choosing a DCB, especially in a critical limb ischemia setting.

INTRODUCTION

There is now body of proof that drug coated balloons (DCB) improve the results of lower limb plain balloon angioplasty (PBA) for femoro-popliteal disease [START_REF] Laird | Durability of Treatment Effect Using a Drug-Coated Balloon for Femoropopliteal Lesions: 24-Month Results of IN.PACT SFA[END_REF][START_REF] Scheinert | Paclitaxel-releasing balloon in femoropopliteal lesions using a BTHC excipient: twelve-month results from the BIOLUX P-I randomized trial[END_REF][START_REF] Scheinert | 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[END_REF][START_REF] Rosenfield | Trial of a Paclitaxel-Coated Balloon for Femoropopliteal Artery Disease[END_REF][START_REF] Werk | Paclitaxelcoated balloons reduce restenosis after femoro-popliteal angioplasty: evidence from the randomized PACIFIER trial[END_REF][START_REF] Werk | Inhibition of restenosis in femoropopliteal arteries: paclitaxel-coated versus uncoated balloon: femoral paclitaxel randomized pilot trial[END_REF][START_REF] Tepe | Local delivery of paclitaxel to inhibit restenosis during angioplasty of the leg[END_REF][START_REF] Jia | Acotec Drug-Coated Balloon Catheter. Randomized, Multicenter, Controlled Clinical Study in Femoropopliteal Arteries : Evidence from the AcoArt I Trial[END_REF][START_REF] Albrecht | Two-year clinical outcomes of the CONSEQUENT trial : can femoropopliteal lesions be treated with sustainable clinical results that are economically sound ?[END_REF][START_REF] Grotti | Paclitaxel-Eluting Balloon vs Standard Angioplasty to Reduce Restenosis in Diabetic Patients With In-Stent Restenosis of the Superficial Femoral and Proximal Popliteal Arteries: Three-Year Results of the DEBATE-ISR Study[END_REF][START_REF] Zeller | Directional Atherectomy Followed by a Paclitaxel-Coated Balloon to Inhibit Restenosis and Maintain Vessel Patency: Twelve-Month Results of the DEFINITIVE AR Study[END_REF][START_REF] Schroeder | Low-Dose Paclitaxel-Coated Versus Uncoated Percutaneous Transluminal Balloon Angioplasty for Femoropopliteal Peripheral Artery Disease: One-Year Results of the ILLUMENATE European Randomized Clinical Trial (Randomized Trial of a Novel Paclitaxel-Coated Percutaneous Angioplasty Balloon)[END_REF][START_REF] Schneider | Treatment Effect of Drug-Coated Balloons Is Durable to 3 Years in the Femoropopliteal Arteries: Long-Term Results of the IN.PACT SFA Randomized Trial[END_REF][START_REF] Schmidt | Drug-Coated Balloons for Complex Femoropopliteal Lesions: 2-Year Results of a Real-World Registry[END_REF][START_REF] Sridharan | Cost-Effectiveness Analysis of Drug Coated Balloon vs. Drug Eluting Stent in the Superficial Femoral Artery[END_REF]. As a result, the recent European Society of Cardiology/European Society for Vascular Surgery ESC/ESVS concluded that DCBs may be considered for short lesions (<25 cm) (Class IIb, Level A) or in in-stent restenosis (Class IIb, Level B) [START_REF] Aboyans | Editor's Choice -2017 ESC Guidelines on the Diagnosis and Treatment of Peripheral Arterial Diseases, in collaboration with the European Society for Vascular Surgery (ESVS)[END_REF]. Their main action is to reduce cellular proliferation secondary to the initial angioplasty injury through paclitaxel (PTX) deposition in the arterial wall [START_REF] Granada | Mechanisms of tissue uptake and retention of paclitaxel-coated balloons : impact on neointimal proliferation and healing[END_REF]. This deposition in the arterial wall is driven by a balloon platform, a carrier (or excipient) and a local amount of PTX. In particular, a certain quantity of crystalline PTX form is required to keep solid-phase PTX reservoirs in the arterial wall for sustained anti-proliferative effects [START_REF] Torri | Safety of Zilver PTX Drug-Eluting Stent Implantation Following Drug-Coated Balloon Dilation in a Healthy Swine Model[END_REF][START_REF] Kolodgie | Comparison of Particulate Embolization after Femoral Artery Treatment with IN.PACT Admiral versus Lutonix 035 Paclitaxel-Coated Balloons in Healthy Swine[END_REF][START_REF] Yazdani | Vascular, downstream, and pharmacokinetic responses to treatment with a low-dose drug-coated balloon in a swine femoral artery model[END_REF].

At the same time, drug nanocrystals may act as solid thrombi with a subsequent risk of embolisation and thrombosis. Concerning cases of diffuse distal fibrinoid necrosis were reported following DCB use at the femoro-popliteal level [START_REF] Ibrahim | Downstream Panniculitis Secondary to Drug-Eluting Balloon Angioplasty[END_REF][START_REF] Thomas | Vasculitis resulting from a superficial femoral artery angioplasty with a paclitaxel-eluting balloon[END_REF], in which the responsibility of PTX emboli was demonstrated. Similarly, one large randomised controlled trial comparing PBA + DCBs to PBA alone in the tibial arteries for critical limb ischemia had to be stopped prematurely because of a trend towards an increased major amputation rate at 12 months in the DCB group [START_REF] Zeller | Drugeluting balloon versus standard balloon angioplasty for infrapopliteal arterial revascularization in critical limb ischemia: 12-month results from the IN.PACT DEEP randomized trial[END_REF]. One suspected cause was PTX particles downstream effects in the distal arterial bed, which could lead to microvessel occlusions and non-healing wounds [START_REF] Kolodgie | Comparison of Particulate Embolization after Femoral Artery Treatment with IN.PACT Admiral versus Lutonix 035 Paclitaxel-Coated Balloons in Healthy Swine[END_REF]. This DCB is not available anymore for bellow-the-knee use.

Since DCBs are different regarding balloon platform, excipient, PTX formulation and dosage, the aim of this study was to compare experimentally five DCBs in terms of distal embolisation of paclitaxel. 

MATERIALS AND METHODS

This

Animals

Twenty-five 6-month-old New Zealand male white rabbits (CEGAV, Saint-Mars d'Egrenne, France) were used for the present study. They were fed with a normal diet and could drink ad libitum. An acclimatisation period of one week was respected before the procedure to decrease the stress of animals.

Drug-coated balloons

All DCBs used were coated with PTX and were provided free of charge by DCB companies.

The study was performed between March 2017 and August 2017.

The following DCBs were assessed: Lutonix® (Bard), In.Pact® (Medtronic), Ranger® (Boston Scientific), Stellarex® (Spectranetics) and Passeo 18 Lux® (Biotronik) (Table 1). All DCBs had a diameter of 4 mm and a 40-mm length. These dimensions were chosen because they were available for all the balloons and aortic diameter is around 3.5 mm in rabbits.

Experimental design

Rabbits were divided in 5 groups, according to the DCB used: the Lutonix® group (n=5), the In.Pact® group (n=5), the Ranger® group (n=5), the Stellarex® group (n=5) and the Passeo 18-Lux® group (n=5). One DCB was used for each animal.

General anesthesia was induced with intramuscular xylazine at a dose of 20 mg/kg, ketamine hydrochloride at a dose of 4.5 mg/kg and acepromazine at a dose of 1 mg/kg. The intramuscular injections were done in the right thigh. In a first step, a laparotomy was done and the aorto-iliac vessels were dissected from the renals to the iliac bifurcations. The external aortic diameter was measured. The right common iliac artery was ligated at its origin with a non-absorbable 5-0 nylon suture. Aim of this maneuver was to direct all the aortic flow toward the left side for precise measurement of the downstream PTX emboli following DCB inflation in the aorta. IU bolus of heparin was injected through the sheath. Baseline angiography was performed through the angiography catheter to locate the renal arteries. A guidewire was pushed down to the distal left limb vessels and a DCB was positioned in the infrarenal aorta. Navigation time between DCB insertion and inflation in the infrarenal aorta was inferior to 30 seconds. The DCB was then inflated in the infrarenal aorta just below the renal arteries with an inflation pressure of 10 atmospheres for 180 seconds. The DCB was collected following retrieval. Two hours after the DCB inflation, the rabbits were euthanized by an intravenous Pentobarbital injection at a dose of 120 mg/kg. The infrarenal aorta, a 10 cc blood sample and a sample of three left hind leg muscles (Tensor Fasciae Latae, Vastus Lateralis and Tibialis Anterior muscles) were harvested for measurement of PTX concentrations. Another sample of the same three left hind leg muscles was harvested for histology.

Paclitaxel analysis

Blood samples were centrifuged at 2000 G for 15 minutes, to obtain the supernatant that was again centrifuged at 2000 G for 10 minutes to purify the plasma. With the exception of the DCBs, aortas, muscles and blood samples were frozen at -20°C.

The PTX concentrations were assessed using a standardized method of high-performance liquid chromatography (HPLC) tandem mass spectrometry. Dosages were performed blindly by a single operator (SGD). Briefly, 50 µL of internal standard (docetaxel 1 mg/L) and 1 mL of methyl tert-butyl ether(MTBE)/hexane (50/50 v/v) were added to 100 µL of plasma or 25 mg of tissue samples (aorta and muscles). Plasma samples were agitated for 20 minutes and tissue samples were crushed for 20 minutes. Then, all the samples (tissue and blood samples) were centrifuged and supernatants were vacuum-evaporated. 100 µL of ammonium formate/methanol (20/80 v/v) were added to reconstitute the dry residues. Remaining PTX on the DCBs after use was analysed after extraction with 10 mL of methanol. Dilutions in the 1/100 th and in the 1/1000 th were directly injected after adding 50 µL of internal standard. With each serie, a curve of calibration in 9 points going of 0.1 ng/mL in 1000 ng/mL was done. The samples were analysed with Ultimate 3000 on a Hypersil Gold C18 column (1.9 μm, 150 x 2.1) (Thermofisher, France) using 20/80 (v/v) ammonium formate 2mM/methanol as mobile phase.

Paclitaxel detection was done with a Quantiva mass spectrometer operating with electrospray ionisation in the positive mode, with specific MRM transitions for PTX and internal standard.

The lower and upper limits of quantification were 0.1 and 1000 ng/mL, respectively.

Histological analysis

After euthanasia, one piece of 1 cm 3 of each tibialis anterior (TA), vastus lateralis (VL) and tensor fascia latae (TFL) muscles was isolated and fixed in formalin 10% during 24 hours for histological analysis. Briefly, Muscles were dehydrated, embedded in paraffin and 6 μm sections were cut. Sections were then deparaffinised in toluene and hydrated in ethanol baths.

Several stains were used: hematoxylin-eosin or Masson's trichrome to explore the structure of muscles. The histological slides were scanned in using NanoZoomer 2.1 (Hamamatsu Photonics KK, Hamamatsu City, Japan). Histological analyses focused on paclitaxel crystals detection in the microvessels. Two slides were randomly studies for each muscle piece. In each slide, the number of arteries with paclitaxel crystals emboli was counted. This analysis was performed blindly.

Statistical analysis

The Stata/SE software (Version 13.0 for Mac) was used for statistical analysis. Datas are given as median and interquartile range (IQR) for non-parametric distribution or mean ± standard deviation for parametric distribution. For global comparison of the five groups (independent nonparametric samples), the Kruskal-Wallis test was used. When the Kruskal-Wallis test was significant, differences were assessed by comparing groups two by two using the Mann-Whitney U-test. A p-value of less than 0.05 was considered to indicate statistical significance.

RESULTS

Surgical procedures

In total, complete procedures were achieved in 25 rabbits (weight 3.84±0.36 kg, aortic diameter 3.6±0.1 mm). Inflation pressure of DCBs was 10.3±0.5 atm for 180 seconds. Duration between DCB inflation in the infrarenal aorta and animal sacrifice was 122.5±11.2 minutes. A retroperitoneal hematoma was found in one case during the autopsy but it did not lead to the death of the rabbit.

Paclitaxel analysis

In the TA muscle (the most distal muscle), concentrations of PTX were significantly lower for the Ranger (0.067 ng/mg) DCB than for the Lutonix (0.342 ng/mg; p=0.008), In.Pact (0.370 ng/mg; p=0.012) and Passeo-18-Lux (0.160 ng/mg; p=0.021) DCBs. Similarly, concentrations of PTX were significantly lower for the Passeo-18-Lux than for the In.Pact DCB (p=0.028) (Tables 2 and3, Figure 1). Concentrations of paclitaxel were not significantly different between DCBs in TFL and VL muscles (Table 2, Figure 1).

In the plasmas, concentrations of PTX were significantly higher for Lutonix (9.00 ng/mL) than In.Pact (1.00 ng/mL; p=0.008), Ranger (0.05 ng/mL; p=0.007), Stellarex (0.08 ng/mL; p=0.014) and Passeo-18-Lux (0.90 ng/mL; p=0.014) and significantly lower for Ranger than In.Pact (p=0.011) and Passeo-18-Lux (p=0.011) (Tables 2 and4, Figure 1).

In the aortas, concentrations of PTX were significantly lower for Lutonix (35.2 ng/mg) than In.Pact (119.0 ng/mg; p=0.004), Ranger (568.0 ng/mg; p=0.009), Stellarex (113.5 ng/mg; p=0.038) and Passeo-18-Lux (77.0 ng/mg; p=0.030) (Tables 2 and5, Figure 1). Remnant amount of PTX after DCB use were significantly lower for Lutonix (1364.1 µg) than In.Pact (3643.5 µg; p=0.004), Ranger (2500.9 µg; p=0.017) and Passeo-18-Lux (2522.50 µg; p=0.017) and significantly higher for In.Pact than Lutonix (p=0.004), Ranger (p=0.032), Stellarex (1335.85 µg; p=0.016) and Passeo-18-Lux (p=0.016) (Tables 2 and6, Figure 1).

Histological analysis

Histological analysis of muscle tissue samples revealed evidence of embolised PTX with some crystals in small arterioles with all DCBs (Figure 2). PTX crystals were identified in one to eight arteries per slide, with a mean of 4.30 ± 2.08 emboli. The number of PTX emboli was not significantly different between the DCBs (p=0.141).

DISCUSSION

The present study was designed to evaluate the embolic profiles of the five main DCBs used in our country. To assess downstream tissue PTX emboli and PTX distribution during and immediately after DCB use, the muscle tissue samples, the aorta, the plasma and the DCBs used were analysed. Histological analysis showed some PTX crystals in several muscle tissue samples, highlighting the reality of distal embolisation after inflation of DCBs in the arteries.

We found some significant differences in terms of concentrations of PTX in the muscles between the five DCBs, which can be explained by the differences between the PTX formulations (crystalline, microcrystalline or amorphous), the technique of PTX deposition (pulverization or micro-pipetting), the balloon state during PTX deposition (inflated or deflated), the dose of PTX on the DCBs and the excipient (Table 1). Crystals enter the arterial wall and serves as long term PTX reservoir, allowing sustained anti-proliferative effects [START_REF] Torri | Safety of Zilver PTX Drug-Eluting Stent Implantation Following Drug-Coated Balloon Dilation in a Healthy Swine Model[END_REF], but distal embolisation of crystalline PTX can cause fibrinoid necrosis with serious clinical consequences [START_REF] Ibrahim | Downstream Panniculitis Secondary to Drug-Eluting Balloon Angioplasty[END_REF][START_REF] Thomas | Vasculitis resulting from a superficial femoral artery angioplasty with a paclitaxel-eluting balloon[END_REF]. Morever, the antiproliferative effects may have an impact on wound healing in the setting of ischemic ulcers, especially when ulcers are secondary to below-theknee lesions [START_REF] Ansel | The Role of Drug-Coated Balloons in Infrapopliteal Intervention[END_REF].

Endovascular treatment became the first-line therapy in peripheral vascular disease but the 1year primary patency of PBA can be as low as 50% in the femoro-popliteal segment, with subsequent target lesion reinterventions (TLR) [START_REF] Laird | Durability of Treatment Effect Using a Drug-Coated Balloon for Femoropopliteal Lesions: 24-Month Results of IN.PACT SFA[END_REF][START_REF] Scheinert | Paclitaxel-releasing balloon in femoropopliteal lesions using a BTHC excipient: twelve-month results from the BIOLUX P-I randomized trial[END_REF][START_REF] Scheinert | 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[END_REF][START_REF] Rosenfield | Trial of a Paclitaxel-Coated Balloon for Femoropopliteal Artery Disease[END_REF][START_REF] Werk | Paclitaxelcoated balloons reduce restenosis after femoro-popliteal angioplasty: evidence from the randomized PACIFIER trial[END_REF][START_REF] Werk | Inhibition of restenosis in femoropopliteal arteries: paclitaxel-coated versus uncoated balloon: femoral paclitaxel randomized pilot trial[END_REF][START_REF] Tepe | Local delivery of paclitaxel to inhibit restenosis during angioplasty of the leg[END_REF][START_REF] Jia | Acotec Drug-Coated Balloon Catheter. Randomized, Multicenter, Controlled Clinical Study in Femoropopliteal Arteries : Evidence from the AcoArt I Trial[END_REF][START_REF] Albrecht | Two-year clinical outcomes of the CONSEQUENT trial : can femoropopliteal lesions be treated with sustainable clinical results that are economically sound ?[END_REF][START_REF] Grotti | Paclitaxel-Eluting Balloon vs Standard Angioplasty to Reduce Restenosis in Diabetic Patients With In-Stent Restenosis of the Superficial Femoral and Proximal Popliteal Arteries: Three-Year Results of the DEBATE-ISR Study[END_REF][START_REF] Zeller | Directional Atherectomy Followed by a Paclitaxel-Coated Balloon to Inhibit Restenosis and Maintain Vessel Patency: Twelve-Month Results of the DEFINITIVE AR Study[END_REF][START_REF] Schroeder | Low-Dose Paclitaxel-Coated Versus Uncoated Percutaneous Transluminal Balloon Angioplasty for Femoropopliteal Peripheral Artery Disease: One-Year Results of the ILLUMENATE European Randomized Clinical Trial (Randomized Trial of a Novel Paclitaxel-Coated Percutaneous Angioplasty Balloon)[END_REF][START_REF] Schneider | Treatment Effect of Drug-Coated Balloons Is Durable to 3 Years in the Femoropopliteal Arteries: Long-Term Results of the IN.PACT SFA Randomized Trial[END_REF][START_REF] Schmidt | Drug-Coated Balloons for Complex Femoropopliteal Lesions: 2-Year Results of a Real-World Registry[END_REF][START_REF] Sridharan | Cost-Effectiveness Analysis of Drug Coated Balloon vs. Drug Eluting Stent in the Superficial Femoral Artery[END_REF]. DCBs are now considered a valuable alternative to stents because they decrease the rate of restenosis by intimal hyperplasia without leaving a permanent scaffold in place. Several randomised controlled trials (RCTs) [START_REF] Laird | Durability of Treatment Effect Using a Drug-Coated Balloon for Femoropopliteal Lesions: 24-Month Results of IN.PACT SFA[END_REF][START_REF] Scheinert | Paclitaxel-releasing balloon in femoropopliteal lesions using a BTHC excipient: twelve-month results from the BIOLUX P-I randomized trial[END_REF][START_REF] Scheinert | 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[END_REF][START_REF] Rosenfield | Trial of a Paclitaxel-Coated Balloon for Femoropopliteal Artery Disease[END_REF][START_REF] Werk | Paclitaxelcoated balloons reduce restenosis after femoro-popliteal angioplasty: evidence from the randomized PACIFIER trial[END_REF][START_REF] Werk | Inhibition of restenosis in femoropopliteal arteries: paclitaxel-coated versus uncoated balloon: femoral paclitaxel randomized pilot trial[END_REF][START_REF] Tepe | Local delivery of paclitaxel to inhibit restenosis during angioplasty of the leg[END_REF][START_REF] Jia | Acotec Drug-Coated Balloon Catheter. Randomized, Multicenter, Controlled Clinical Study in Femoropopliteal Arteries : Evidence from the AcoArt I Trial[END_REF][START_REF] Albrecht | Two-year clinical outcomes of the CONSEQUENT trial : can femoropopliteal lesions be treated with sustainable clinical results that are economically sound ?[END_REF][START_REF] Grotti | Paclitaxel-Eluting Balloon vs Standard Angioplasty to Reduce Restenosis in Diabetic Patients With In-Stent Restenosis of the Superficial Femoral and Proximal Popliteal Arteries: Three-Year Results of the DEBATE-ISR Study[END_REF][START_REF] Zeller | Directional Atherectomy Followed by a Paclitaxel-Coated Balloon to Inhibit Restenosis and Maintain Vessel Patency: Twelve-Month Results of the DEFINITIVE AR Study[END_REF][START_REF] Schroeder | Low-Dose Paclitaxel-Coated Versus Uncoated Percutaneous Transluminal Balloon Angioplasty for Femoropopliteal Peripheral Artery Disease: One-Year Results of the ILLUMENATE European Randomized Clinical Trial (Randomized Trial of a Novel Paclitaxel-Coated Percutaneous Angioplasty Balloon)[END_REF][START_REF] Schneider | Treatment Effect of Drug-Coated Balloons Is Durable to 3 Years in the Femoropopliteal Arteries: Long-Term Results of the IN.PACT SFA Randomized Trial[END_REF][START_REF] Schmidt | Drug-Coated Balloons for Complex Femoropopliteal Lesions: 2-Year Results of a Real-World Registry[END_REF][START_REF] Sridharan | Cost-Effectiveness Analysis of Drug Coated Balloon vs. Drug Eluting Stent in the Superficial Femoral Artery[END_REF] concluded that primary patency and TLR were better after DCB angioplasty than PBA in femoro-popliteal disease. Cost-effectiveness studies also support DCB use. However, results of RCTs are more heterogeneous when looking at infrapopliteal lesions. Of note, bioresorbable scaffolds could be use in association with DCBs in the future [START_REF] Abizaid | Serial Multimodality Imaging and 2-Year Clinical Outcomes of the Novel DESolve Novolimus-Eluting Bioresorbable Coronary Scaffold System for the Treatment of Single De Novo Coronary Lesions[END_REF][START_REF] Costa Jr | Three-year clinical outcomes of patients treated with everolimus-eluting bioresorbable vascular scaffolds: Final results of the ABSORB EXTEND trial[END_REF] to avoid permanent scaffolding of the treated arteries.

The DEBATE-BTK study [START_REF] Liistro | Drug-Eluting Balloon in Peripheral Intervention for Below the Knee Angioplasty Evaluation (DEBATE-BTK). A randomized trial in diabetic patients with Critical Limb Ischemia[END_REF] found lower restenosis and TLR rates after DCB use in diabetic patients with critical limb ischemia (CLI). In contrast, the BIOLUX P-II [START_REF] Zeller | Paclitaxel-Coated Balloon in Infrapopliteal Arteries. 12-Month Results from the BIOLUX P-II Randomized Trial (BIOTRONIK'S First in Man Study of the Passeo-18 Lux drug releasing PTA Balloon Catheter vs. The uncoated Passeo-18 PTA balloon catheter in subjects requiring revascularization of infrapopliteal arteries)[END_REF] and IN.PACT DEEP [START_REF] Zeller | Drugeluting balloon versus standard balloon angioplasty for infrapopliteal arterial revascularization in critical limb ischemia: 12-month results from the IN.PACT DEEP randomized trial[END_REF] studies showed no significant differences between DCB and PBA in terms of restenosis, TLR and occlusion. Of interest, the IN.PACT DEEP study [START_REF] Zeller | Drugeluting balloon versus standard balloon angioplasty for infrapopliteal arterial revascularization in critical limb ischemia: 12-month results from the IN.PACT DEEP randomized trial[END_REF] had to be stopped prematurely because of a trend towards increase of major amputation rate at 12 months in patients treated with DCB (8.8% vs 3.6%; p=0.080). One suspected cause was PTX particles embolism in distal arteries, which could lead to arterial occlusion and non-healing wounds. Kolodgie et al. [START_REF] Kolodgie | Comparison of Particulate Embolization after Femoral Artery Treatment with IN.PACT Admiral versus Lutonix 035 Paclitaxel-Coated Balloons in Healthy Swine[END_REF] compared Lutonix® and In.Pact® balloons in terms of distal embolisms in swine. Although the embolism rate was low in both groups, differences were found between DCBs (In.Pact® 15.4% vs Lutonix® 7.7%; p=0.04). In our study, we also found higher PTX concentrations in the TA muscle after In.Pact® DCB use, but embolisation rates after Lutonix® were also concerning. In contrast, Ranger® use was associated with significantly lower embolisation rates. This may be explained by the characteristics of Ranger® DCB excipient and coating. The citrate ester is known to be hydrophobic and lipophilic. A hydrophobic coating may provide substantial protection against PTX loss while navigating and inflating the DCB.

At the same time, the sorbitol used as the excipient of the Lutonix® is known to be highly soluble in water (29) which may facilitates excipient and PTX downstream washing while navigating and inflating this DCB. The In.Pact® balloon has a hydrophobic coating with the urea but uses higher concentrations of macrocrystalline PTX, which could also be responsible of higher rates of distal PTX concentrations. Macrocrystals could be more susceptible to occlude distal microvessels and be detected in the muscles.

Regarding aortic penetration of the PTX, our study highlights significant lower rates of PTX when using the Lutonix® balloon and higher (but non significant) PTX concentrations with the Ranger® DCB. The lipophilic features of the Ranger® DCB could explain the satisfactory PTX diffusion in the artery wall. One hypothesis to explain the disappointing results of the Lutonix® DCB could be that a lot of PTX is lost during the navigation before the arrival on the target artery, as underlined by the high levels of PTX found in the plasma. In contrast, with the Ranger® balloon, the lipophilic effect keeps the PTX in the artery wall because of the presence of cellular lipids in the arterial wall. Although we did not use an atherosclerosis model in rabbits used for this study, fatty streak can be found in the intima as early as during childhood in humans, with the presence of T cells and sometimes foam cells. [START_REF] Stary | Evolution and progression of atherosclerotic lesions in coronary arteries of children and young adults[END_REF] The clinical relevance of the detected doses of PTX remains to be elucidated. The PTX concentrations detected in the muscle samples are low and may have no negative impact in terms of wound healing. Recently, the results of the Global Lutonix® DCB Below-the-Knee (BTK) Registry in patients with Rutherford class 3 to 5 and ≥70% stenosis of native BTK arteries were reported with high rates of freedom from primary safety events and freedom from amputation at 6 months [START_REF] Thieme | Lutonix® 014 DCB global Below the Knee Registry Study: interim 6-month outcomes[END_REF]. Similar results were found with the Lutonix Global SFA (Superficial Femoral Artery) Registry at 12 and 24 months (32) and with the In.Pact® DCB [START_REF]National Center for Biotechnology Information[END_REF]. Although our study found significantly more distal emboli after Lutonix® and In.Pact® inflations, the results of the above-mentionned clinical registries [START_REF] Thieme | Lutonix® 014 DCB global Below the Knee Registry Study: interim 6-month outcomes[END_REF][START_REF] Thieme | The 24-Month Results of the Lutonix Global SFA Registry : Worldwide Experience With Lutonix Drug-Coated Balloon[END_REF][START_REF] Micari | Drug-Coated Balloon Treatment of Femoropopliteal Lesions for Patients With Intermittent Claudication and Ischemic Rest Pain : 2-Year Results From the IN.PACT Global Study[END_REF] showed that these two DCBs are relatively safe in a clinical setting. Of note, the most severe patients (Rutherford 6) were excluded. The question regarding the impact of distal PTX embolisation on ulcers healing remains therefore to be determined.

The other question that can be raised is the level of PTX concentration needed in the arterial wall to be effective on intimal proliferation. In our study, the Lutonix® DCB had the lowest PTX concentrations in the aorta and a lower efficiency could be suspected. The Lutonix® DCB was assessed in a well-conducted large randomised trial, the LEVANT II trial (4), and showed its superiority compared to the PBA. However, primary patency rates reported with the Lutonix® DCB in the LEVANT II trial appear lower than those reported with the 4 other tested balloons in specific randomised trial [START_REF] Laird | Durability of Treatment Effect Using a Drug-Coated Balloon for Femoropopliteal Lesions: 24-Month Results of IN.PACT SFA[END_REF][START_REF] Scheinert | Paclitaxel-releasing balloon in femoropopliteal lesions using a BTHC excipient: twelve-month results from the BIOLUX P-I randomized trial[END_REF][START_REF] Schroeder | Low-Dose Paclitaxel-Coated Versus Uncoated Percutaneous Transluminal Balloon Angioplasty for Femoropopliteal Peripheral Artery Disease: One-Year Results of the ILLUMENATE European Randomized Clinical Trial (Randomized Trial of a Novel Paclitaxel-Coated Percutaneous Angioplasty Balloon)[END_REF][START_REF] Schneider | Treatment Effect of Drug-Coated Balloons Is Durable to 3 Years in the Femoropopliteal Arteries: Long-Term Results of the IN.PACT SFA Randomized Trial[END_REF], although no head-to-head comparison has been published to date. A prospective trial directly comparing relevant clinical outcomes with the DCBs available in the femoro-popliteal segment would be needed. An analysis of the amputated or debrided tissues could assess the importance of distal PTX embolisation in humans.

This study has several limitations. First, we used healthy rabbits without atherosclerosis for this study. Rabbits were chosen for the experiments because they have a similar vascular anatomy when compared to humans but it is known that PTX delivery during the DCB inflation is different between healthy and atherosclerotic arteries [START_REF] Stolzenburg | Paclitaxel-Coated Balloons: Investigation of Drug Transfer in Healthy and Atherosclerotic Arteries -First Experimental Results in Rabbits at Low Inflation Pressure[END_REF]. It may be valuable to repeat this work in atherosclerotic models. Second, our number of rabbits in each group is small which can leads to a lack of power. This may explain substantial but non-significant differences between groups. Third, we inflated DCBs in the aorta, not in below-the-knee arteries. Flows may be different between these arterial levels and influence the embolisation rate. Fourth,, we did not analyse the amount of PTX lost on the sheath during DCB insertion. However the amount of PTX lost in the sheath may vary according to the type of sheath used. Fifth, rabbits were sacrificed two hours after DCB inflation but PTX effects are not only limited to the first hours following PTX delivery [START_REF] Granada | Mechanisms of tissue uptake and retention of paclitaxel-coated balloons : impact on neointimal proliferation and healing[END_REF][START_REF] Gongora | Impact of Paclitaxel Dose on Tissue Pharmacokinetics and Vascular Healing : A Comparative Drug-Coated Balloon Study in the Familial Hypercholesterolemic Swine Model of Superficial Femoral In-Stent Restenosis[END_REF][START_REF] Buszman | Experimental evaluation of pharmacokinetic profile and biological effect of a novel paclitaxel microcrystalline ballon coating in the iliofemoral territory of swine[END_REF]. Studies with a longer follow-up may highlight different results. Finally, we only assessed the DCBs available on the French market at the time the study was performed. A larger study including all currently available DCBs may bring additional and valuable information.

CONCLUSION

This study suggests some differences regarding distal embolisation profiles between the five assessed DCBs. The Ranger® and the Stellarex® DCBs seem to have the best profiles with low distal PTX concentrations, reasonable plasma PTX loss and satisfactory aortic penetration.

In contrast the Lutonix® DCB had the most disappointing features. Although clinical implications remain to be demonstrated, our results may have implications while choosing a DCB, especially in a critical limb ischemia setting.

  study was conducted in accordance with the requirements and guidelines of the European Union legislation and the French Animal Protection Act. The animal experiments were approved by the French animal protection committee (Project n° 2016101009413104 -V8 #8423) and took place in the UMR 1148 lab (Inserm-Paris7 -Denis Diderot University, Xavier Bichat Hospital, Paris, France), as well as histological analyses. Paclitaxel dosages were performed in the mass spectrometry platform MasSpecLab (UMR 1173, Inserm-Paris11 -Faculty of Health Sciences Simone Veil, Versailles Saint-Quentin-en-Yvelines University, Paris-Saclay University, Montigny-le-Bretonneux, France).

  Abdomen was further closed with a 4-0 Polypropylene running suture. In a second step, arterial access was obtained via the right common carotid artery through neck cut-down. The common carotid was clamped. An oblique arteriotomy was performed to allow retrograde insertion of an angiography catheter (Vertebral Radifocus® Glidecath® 4 French -Hydrophilic Angiographic Catheter; Terumo, Leuven, Belgium), a guidewire [0.035 wires (Terumo Glidewire® Hydrophilic Coated Guidewire Straight 180 cm, Terumo Leuven, Belgium) for Lutonix®, In.Pact® and Stellarex® and 0.018 wires (V-18 ControlWire Guidewire, 150 cm, Boston Scientific) for Ranger® and Passeo 18-Lux®] and a short sheath (Radifocus® Introducer II Terumo, Leuven, Belgium). The diameter of the sheaths was 4 French for Passeo 18-Lux®, 5 French for Lutonix®, In.Pact® and Ranger® and 6 French for Stellarex®. A 2000
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