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Introduction

Both acute thrombotic and chronic critical lower 

limb ischaemia are associated with high morbidity 

and mortality, and also with a  high risk of unsuc-

cessful revascularisation of the limb, requiring its 

amputation. Routine management of both types of 

limb ischaemia consists of anticoagulation followed 
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A b s t r a c t

Introduction: Mechanical thrombectomy is an alternative to local thrombolysis for the treatment of severe ischaemia 

in the femoropopliteal segment, but stent implantation is usually required after this procedure. The use of drug-elut-

ing balloons (DEBs) may overcome long-term problems associated with stents, but it remains unclear how often such 

a treatment is technically feasible and efficient.

Aim: This post hoc single-centre study was aimed at assessment of the feasibility, safety and efficacy of mechanical 

thrombectomy followed by application of DEBs.

Material and methods: Fifty-one patients, aged 69.1 ±11.6 years, were managed for acute thrombotic or chronic 

critical ischaemia in the femoropopliteal segment using the Rotarex device. Following mechanical thrombectomy, on 

condition that there was no significant residual stenosis or dissection, lesions were managed with paclitaxel-coated 

DEBs, which was a desired strategy (24 patients). The remaining 25 patients underwent stent implantations, which 

was regarded as bailout treatment. Final follow-up was scheduled 12 months after the procedure.

Results: The primary-assisted patency rate after mechanical rotational thrombectomy with additional balloon angio-

plasty and/or stenting was 97.1% (49 patients). The early mortality rate was 2.0% (1 patient) and the amputation 

rate was 4.1% (2 patients). There were no late mortalities or limb amputations at 12-month follow-up, but significant 

restenoses occurred in 13 (27.1%) patients. These restenoses were more frequent in patients who underwent stent 

implantation (45.5%) than those managed with DEBs (12.5%), and in patients managed for secondary lesions.

Conclusions: In selected patients mechanical rotational thrombectomy in the femoropopliteal segment followed by 

application of DEB is a safe, effective and long-lasting method of revascularisation.

Key words: critical ischaemia, stent, drug-eluting balloon, mechanical thrombectomy, acute limb ischaemia.

Vascular surgery/interventional radiology
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by open surgical repair of occluded arteries (usually 

bypass grafting) [1–4]. Yet, such a treatment in pa-

tients with acute thrombotic ischaemia is associated 

with an amputation rate at the level of 10–70% and 

in-hospital mortality even as high as 15% [5]. In pa-

tients with critical limb ischaemia the amputation 

rate after surgical revascularization is at the level of 

20–25% and the 2-year mortality rate in these pa-

tients is about 50% [2, 5, 6]. Although local throm-

bolysis is associated with better clinical outcomes 

and currently it is preferred to surgical revascular-

ization [7–10], not all occlusions can be opened by 

thrombolytic agents. Those primarily atherosclerot-

ic poorly respond to thrombolysis. Moreover, even 

if thrombolysis is successful, these arteries usually 

re-occlude and stent implantation is often required, 

which carries another problem ‒ in-stent stenosis or 

occlusion, primarily associated with intimal hyper-

plasia within the stent. Mechanical thrombectomy 

seems to be an alternative treatment modality [5, 

11–14], but stent implantation with similar late 

problems is usually required after this endovascular 

procedure. The use of drug-eluting balloons (DEB) 

instead of stents may theoretically overcome clini-

cal problems associated with stents, but it remains 

unclear how often such a  treatment is technically 

feasible in these challenging patients and how ef-

ficient mechanical thrombectomy not augmented 

with stent implantations is in the long run. 

Aim

This post hoc single-centre study was aimed at 

assessment of the feasibility, safety and efficacy 

of mechanical thrombectomy followed by applica-

tion of DEBs for acute thrombotic or chronic critical 

ischaemia of the lower limbs in the femoropoplite-

al segment. We also analysed how often the use of 

rotational thrombectomy enabled an endovascular 

procedure not accompanied by stent implantation, 

and whether the utilisation of DEBs instead of stents 

was associated with a better clinical outcome.

Material and methods

We reviewed our register of endovascular in-

terventions and identified patients with acute 

thrombotic ischaemia or chronic critical lower limb 

ischaemia due to occlusions in the femoropoplite-

al segment, who were managed using mechanical 

rotational thrombectomy (Rotarex®s device; Straub 

Medical AG, Wangs, Switzerland). Technical success 

of mechanical rotational thrombectomy was defined 

in terms of absence of relevant post-procedural re-

sidual stenosis, with cutoff at the level of 50%. Pri-

mary-assisted patency rate was defined as exempt 

from significant stenosis (cutoff at the level of 30%) 

in the target artery following rotational thrombec-

tomy and additional endovascular interventions 

during the primary procedure, such as balloon an-

gioplasty and stenting.  

Potential risks and benefits associated with such 

a procedure were discussed with the patients, and 

all patients gave their written informed consent. 

Clinical indications for mechanical rotational throm-

bectomy in our centre included:

–  occlusions and/or critical stenoses of the distal

femoral artery (distally from the profunda femoris

artery) or the popliteal artery (with or without in-

volvement of its branches);

–  atherosclerotic, atherothrombotic and atheroaneu-

rysmatic lesions;

–  primary lesions and secondary lesions after pre-

vious balloon angioplasty or stent implantations.

Exclusion criteria comprised: highly calcified 

lesions,  no adequate vascular access, contraindi-

cations for antiplatelet therapy, and lack of the pa-

tient’s consent. 

In this study we did not include patients present-

ing with arterial emboli. From June 2014 to Novem-

ber 2016 there were 51 eligible patients, 26 men and 

25 women, with a  mean age of 69.1 ±11.6 years. 

Thirteen (25.5%) patients were managed for acute 

non-embolic occlusions of the distal femoral artery 

and/or popliteal artery and its branches. Out of 

these patients, 6 (46.2%) presented with an acutely 

occluded stent. Thirty-eight (74.5%) patients were 

admitted to the hospital because of critical limb 

ischaemia resulting from atherothrombotic lesions 

at the same level as patients with acute ischaemia. 

In this group there were 5 (13.2%) patients with 

thrombotic occlusions after balloon angioplasty and 

18 (47.4%) patients with chronically occluded stents. 

A majority of patients presented with grade 4 and 5 

(21 and 25 patients, accordingly) of the Rutherford 

classification, and 5 patients presented with severe 

ischaemic ulcers (grade 6 in this classification). The 

demographic profile of both groups of patients and 

their co-morbidities are presented in Table I, while 

localisations and characteristics of arterial lesions 

are described in Table II. 
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Endovascular procedures were performed 

through ipsi- or contralateral femoral access. Before 

intervention all patients received 300 mg of clopido-

grel and 75 mg of aspirin. During endovascular in-

tervention patients were administered intravenously 

unfractionated heparin. Dosing of heparin depended 

on the duration of the procedure. We used 110 cm or 

135 cm long 6 Fr Rotarex®s catheters. Firstly we nav-

igated through the occluded segment with a 0.018”  

guidewire and then performed 2–6 passages of the 

Rotarex system. After at least 2 passages of the 

rotational catheter, control catheter angiography 

was performed. If there was still over 50% steno-

sis, balloon angioplasty was performed. Afterwards, 

if there was no major residual stenosis (over 40%) 

in the target artery and no significant dissection, 

this area was managed with paclitaxel-coated DEBs, 

such as Elutax SV (Aachen Resonance, Aachen, 

Table I. Clinical characteristics of patients

Parameter All patients
(n = 51)

Critical limb ischaemia 
(n = 38)

Acute non-embolic limb 
ischaemia (n = 13)

Male/female ratio 26/25 (51.0/49.0%) 17/21 (44.7/55.3%) 9/4 (69.2/30.8%)

Patients’ age [years] 69.1 ±11.6 70.2 ±11.8 67.9 ±15.5

Diabetes mellitus type 2 20 (39.2%) 12 (31.6%) 8 (61.5%)

Cigarette smoking 17 (33.3%) 13 (34.2%) 6 (46.2%)

Hypercholesterolaemia 22 (43.1%) 16 (42.1%) 6 (46.2%)

Arterial hypertension 44 (86.3%) 34 (89.5%) 10 (76.9%)

Family history cardiovascular disease 9 (17.6%) 7 (18.4%) 2 (15.4%)

History of myocardial infarction 11 (21.6%) 7 (18.4%) 4 (30.8%)

Table II. Localisations and characteristics of arterial lesions

Variable All patients
(n = 51)

Critical limb ischaemia 
(n = 38)

Acute non-embolic limb 
ischaemia (n = 13)

Distal part of femoral artery 12 (23.5%) 10 (26.3%) 2 (15.4%)

Popliteal artery 14 (27.5%) 10 (26.3%) 4 (30.8%)

Distal part of femoral artery and 
popliteal artery

16 (31.4%) 13 (34.2%) 7 (53.8%)

Popliteal artery and its branches 7 (13.7%) 5 (13.2%) 2 (15.4%)

Popliteal artery with aneurysmatic 
dilatation

3 (5.9%) 1 (2.6%) 2 (15.4%)

Distal part of femoral artery and 
popliteal artery with aneurysmatic 
dilatation

2 (3.9%) 2 (5.3%) 0

Mean length of the lesion [mm] 247.0 ±135.8 253.2 ±129.9 303.8 ±140.0

Thrombosis in the area of lesion 34 (66.7%) 22 (57.9%) 12 (92.3%)

Total occlusion of the target artery 44 (86.3%) 31 (81.6%) 13 (100%)

Degree of stenosis (%) 93 ±3.1 92 ±2.2 100

Ankle/brachial index at baseline 0.2 ±0.1 0.4 ±0.15 0.2 ±0.15

Primary lesion 26 (51.0%) 19 (50.0%) 7 (53.8%)

Restenotic lesion 25 (49.0%) 19 (50.0%) 6 (46.2%)
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Germany) or Luminor (iVascular, Barcelona, Spain). 

This was a desired strategy, which was possible in 

24 patients (49.0%). In 25 (51.0%) patients arteries 

revealed significant stenoses despite balloon an-

gioplasty, or there were severe (grade C or higher) 

dissections. These patients underwent stent implan-

tations, which was regarded as a bailout treatment. 

In addition, 6 (11.8%) patients presenting with over 

60% residual stenosis following balloon angioplasty 

and/or significant peripheral embolisation received 

alteplase intra-arterially (5 mg as a bolus, and then 

15 mg during 12 h). Details regarding results of ro-

tational mechanical thrombectomy with the Rotarex 

system are given in Tables III and IV.

All patients were assessed before discharge from 

the hospital. They were discharged with the recom-

mendation of dual antiplatelet therapy with aspirin 

(75–150 mg daily) and clopidogrel (75 mg daily). 

Their follow-ups were scheduled 30 days, 6 and  

12 months after the procedure. Since there was 1 death 

and 2 amputations during the hospital stay, only  

48 patients were followed up (24 patients managed 

Table III. Results of rotational mechanical thrombectomy with Rotarex system in patients with acute vs. 

critical leg ischaemia

Variables All patients
(n = 51)

Critical limb ischaemia 
(n = 38)

Acute non-embolic limb 
ischaemia (n = 13)

Number of passages of the Rotarex 
system 

3 ±2 4 ±2 3 ±1

Degree of stenosis after mechanical 
thrombectomy (%)

54 ±15 55 ±15 45 ±13

Duration of mechanical  
thrombectomy [min]

5 ±2 7 ±2 5 ±2

Patients finally managed with 
drug-eluting balloons

24 19 5

Degree of residual stenosis after  
drug-eluting balloons (%)

13.5 ±4 10.5 ±6 12.5 ±9

Patients finally managed with stents 27 19 8

Degree of residual stenosis after  
stenting (%)

11.5 ±4 10.5 ±6 10.5 ±6

Ankle/brachial index at hospital 
discharge

0.73 ±0.10 0.75 ±0.12 0.75 ±0.14

Table IV. Results of rotational mechanical thrombectomy with Rotarex system in patients finally managed 

with drug-eluting balloons vs. those managed with stents.

Variable All patients
(n = 51)

Patients managed with drug-
eluting balloons (n = 24)

Patients managed with 
stents (n = 27)

Patients presenting with critical limb 
ischaemia 

38 (74.5%) 19 (79.2%) 19 (70.4%)

Patients presenting with acute 
non-embolic limb ischaemia

13 (25.5%) 5 (20.8%) 8 (29.6%)

Number of passages of the Rotarex 
system

4 ±2 3 ±1 4 ±1

Degree of stenosis after mechanical 
thrombectomy (%)

47 ±20 41 ±18 45 ±13

Degree of residual stenosis after  
balloon angioplasty and/or  stenting (%)

14.3 ±6 21.5 ±12 10.5 ±6

Ankle/brachial index at hospital 
discharge

0.71 ±0.14 0.72 ±14 0.70 ±0.12
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with DEBs and 22 patients who underwent stent im-

plantation). At each visit patients underwent physi-

cal examination, evaluation of degree of limb isch-

aemia according to the Rutherford classification and 

duplex sonography of the recanalised arteries. Pa-

tients were also evaluated in a case of clinical wors-

ening or delayed wound healing. Clinical worsening, 

restenosis revealed by sonographic examination and 

delayed healing of an arterial ulcer were the indica-

tions for control angiography and reintervention. 

Statistical analysis

Multivariate stepwise backward conditional lo-

gistic regression analysis was used to determine 

independent predictors of restenosis/occlusion. The 

significance of this analysis was set at p < 0.05. 

Results

Technical success of mechanical rotational 

thrombectomy alone was achieved in 20 (19.6%) 

patientsand there was a 97.1% primary-assisted pa-

tency rate (49 patients) after additional balloon an-

gioplasty and stenting. In 2 (4.1%) patients despite 

recanalisation of the target artery and stenting this 

procedure clinically failed and in both of them am-

putations of ischaemic limbs were performed during 

the hospital stay. Such an unfavourable outcome oc-

curred in 1 patient presenting with acute thrombotic 

limb ischaemia and in 1 with chronic critical isch-

aemia. In both patients, in addition to occlusions of 

the distal femoral artery and popliteal artery, there 

were occlusions of the branches of the popliteal 

artery. There was one in-hospital death (mortality 

rate: 2.0%). This patient died because of intracranial 

bleeding, which probably was associated with infu-

sion of alteplase. There were local complications as-

sociated with mechanical thrombectomy in 5 (9.8%) 

patients – distal embolisation in 4 patients, which 

was successfully managed with aspiration and local 

infusion of alteplase, and perforation of the artery 

in 1 case, which required implantation of a covered 

stent. There were neither mortalities nor major ad-

verse events, such as myocardial infarction, stroke or 

limb amputation in all 48 remaining patients during 

12 months of follow-up. At 12 month follow-up the 

clinical status of the majority of ischaemic limbs had 

improved. Only 1 (2.1%) patient suffered from rest 

pain and 7 (14.6%) patients from severe claudica-

tion. There were no patients presenting with isch-

aemic ulcers. Details are given in Figure 1. In 13 pa- 

tients (27.1%, excluding deceased and amputated 

patients) duplex sonography revealed occlusions or 

severe stenoses in the target arteries. These lesions 

primarily occurred in patients managed for second-

ary lesions (12 limbs). There was only 1 patient with 

restenosis after primary intervention. Also, resteno-

ses and occlusions at follow-up were significantly 

more frequent in patients who underwent stent im-

plantation (10 patients; 45.5%) than in those man-

aged with DEBs (3 patients; 12.5%) – Figure 2. The 

risk of recurrent lesions was higher in patients with 

chronic critical lower limb ischaemia (11 patients; 

30.6%) than those managed for acute thrombotic 

occlusions (2 patients; 16.7%). Details are described 

Figure 1. Degree of ischaemia according to the 

Rutherford classification before intervention 

and at 12-month follow-up
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Figure 2. Kaplan-Meier event-free curves dis-

playing the freedom from restenosis/reocclu-

sion in patients managed with drug-eluting bal-

loons (DEB) vs. those managed with stents
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in Table V. The logistic regression analysis revealed 

that peripheral embolisation during the procedure 

and more than 4 passages of the Rotarex system 

were significantly associated with a  higher risk of 

restenosis/occlusion (hazard ratio: 5.6 and 5.0; p = 

0.018 and 0.025 respectively).

Discussion

In this post-hoc analysis we have demonstrat-

ed that the majority of severe atherothrombotic le-

sions in the femoropopliteal segment that result in 

acute or chronic critical limb ischaemia, and are not 

highly calcified, can be reopened using mechanical 

rotational thrombectomy. In our patient series the 

primary-assisted patency rate after thrombectomy 

augmented by balloon angioplasty and stenting was 

as high as 97.1%. in the in-hospital amputation rate 

was 4.1%. Such management was also safe. In-hos-

pital mortality was 2.0%, which was significantly 

lower than after an open surgical revascularization. 

Moreover, in 49% of patients it was possible to avoid 

stent implantation and instead to manage the area 

of occlusion with DEB. 

Analysis of the clinical outcome of our patients at 

12-month follow-up demonstrated that mechanical

rotational thrombectomy with the Rotarex system

followed by DEB was not inferior to such a throm-

bectomy assisted by stent implantation. Actually,

the results after DEB were better; there were fewer

restenoses and no amputations. Yet, stents were im-

planted in patients with more advanced pathology

and therefore these differences should be interpret-

ed with caution. Similarly, although we identified

peripheral embolisation during the procedure and

more than 4 passages of the Rotarex system as risk

factor of reocclusion, these events were probably

predictors of more advanced arterial disease, and

thus the risk of reocclusion in these patients was 

higher. Similarly worse late results in patients who 

required local fibrinolysis in addition to mechanical 

thrombectomy have already been reported by Kro-

nlage [5]. 

Large epidemiological studies have revealed 

a significant risk of major amputation and/or mor-

tality associated with open surgical revascularization 

for acute and critical leg ischaemia [1–3, 15]. Conse-

quently, local fibrinolysis or endovascular thrombec-

tomy is currently suggested to be a preferred treat-

ment modality [16–20]. In the large study by Freitas 

et al., who managed with Rotarex 525 patients pre-

senting with acute and subacute ischaemia, with 

an average length of occluding lesions of 159 mm, 

there was 1.1% mortality and a 2.3% major ampu-

tation rate during 30-day follow-up. Adverse events 

associated with the treatment occurred in 6.9% of 

patients and mortality after 1 year was 8% [19]. Sim-

ilar outcomes were reported by Kronlage et al. They 

managed 202 patients and in this group amputa-

tion-free survival was 94.3% [5]. 

Although mechanical thrombectomy with the 

Rotarex system has been demonstrated to be both 

relatively safe and efficient [5, 7–9, 14, 16–19], it re-

mains to be established how to optimize such treat-

ment. Even if short-term results are encouraging, 

long-term patency rates in the femoropopliteal seg-

ment after  standard balloon angioplasty or stent im-

plantation are relatively low. The 1-year reocclusion 

rate after balloon angioplasty is at the level of 60% 

[21–28]. Stents do not seem to be a proper solution 

either. When implanted in this part of the arterial 

system, especially in the distal part of the popliteal 

artery or in its branches, a significant proportion of 

currently available stents occlude in the long run, ei-

ther because of a fracture, or due to thrombosis and 

intimal hyperplasia [21–29]. Although novel wire-in-

Table V. Number of patients presenting with severe restenoses and occlusions at 12-month follow-up (pa-

tients who died or had their limbs amputated during first hospitalization were excluded)

Parameter All patients Critical limb 
ischaemia (n = 36)

Acute non-embolic limb 
ischaemia (n = 12)

All patients (n = 48) 13 (27.1%) 11 (30.6%) 2 (16.7%)

Patients managed with drug-eluting balloons (n = 24) 3 (12.5%) 3 (15.8%) 0

Patients managed with stents (n = 24) 10 (41.7%) 8 (47.1%) 2 (28.6%)

Patients managed for primary lesions (n = 22) 1 (4.5%) 1 (6.7%) 0

Patients managed for secondary lesions (n = 26) 12 (46.2%) 10 (47.6%) 2 (40.0%)
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terwoven Nitinol or helically shaped stents, exhibit-

ing a swirling flow, try to overcome these problems, 

they are not yet routinely used and their actual long-

term advantage remain to be proven [30–35]. On 

the other hand, long-term patency rates in the fem-

oropopliteal segment after DEBs are higher than af-

ter standard balloon angioplasty [36–47], while the 

problems associated with stents are avoided. 

The results of our study suggest that the use of 

DEB after mechanical thrombectomy for thrombotic 

acute or critical leg ischaemia resulting from arte-

rial occlusion in the femoropopliteal segment could 

be a desired treatment strategy. However, it should 

be emphasized that it was a retrospective analysis 

and the groups of patients were not fully compara-

ble. A  larger prospective study should be designed 

and performed in order to fully compare the clini-

cal value of DEBs with stents in these challenging 

patients. Also, probably some novel area-dedicated 

stents (such as the aforementioned helically shaped 

ones) should be applied in such a trial. 

Conclusions

The short and intermediate term results from this 

nonrandomised study indicate that the combination 

of mechanical thrombectomy with DEB is safe and 

feasible for the treatment of intermediate to long 

superficial femoral artery/popliteal artery lesions in 

selected patients with severe limb ischaemia. The 

DEB group had higher rates of primary patency and 

freedom from restenosis than the group of patients 

with stent implantation.
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Results of New Dual-Drug Coated Balloon
Angioplasty versus POBA for
Femoropopliteal Lesions

Marianna Sallustro,1 Antonio Peluso,1 Davide Turchino,1 Isidoro Maione,1 Flavia Vita,2

Eugenio Martelli,3 Raffaele Serra,2 and Umberto Marcello Bracale,1 Naples, Catanzaro and

Caserta, Italy

Background: The study aimed to assess the 24-month safety and effectiveness of a new gen-
eration drug-coated balloon (DCB) (Elutax; AR Baltic Medical, Vilnius Lithuaniadalso marketed
as Emperor in some European countries; Aachen Resonance, Germany, and AB Medica, Italy)
for the treatment of patients with femoropopliteal lesions.
Methods: From January 2019 to January 2020, DCB angioplasties using Elutax were performed
on 53 consecutive patients (53 limbs) with femoropopliteal lesions (group A) and compared with a
noncontemporary control group (group B) consisting of 71 patients (71 limbs) treated with plain old
balloon angioplasty (POBA) between January 2017 and January 2018. Before performing the an-
gioplasty, both groups underwent clinical examination, ultrasound evaluation, and computed to-
mography angiography to delineate subject clinical and baseline lesion characteristics. Primary
end point was primary patency rate at 24 months. Secondary end points included clinically driven
target lesion revascularization (CD-TLR), overall survival and limb salvage rates.
Results: In both groups technical success rate was 100% with bailout stenting performed in
16.9% (9/53) of lesions in group A, while stenting was necessary in 22.5% of lesions (16/71)
in group B. Patients treated with Elutax exhibited lower 24-month restenosis/reocclusion rate
and improved primary patency compared to those treated with POBA (restenosis/reocclusion
rate: 9.4% vs. 25.3%, CI 95% 0.01e0.30, P ¼ 0.034; primary patency: 88.2% vs. 71.5%, log
rank P ¼ 0.03). Twenty-four-month CD-TLR rate was 7.5% for DCB versus 18.3% for POBA.
No device or procedure-related deaths occurred, and no 30-day mortality was observed in either
group. During the follow-up period, the limb salvage rate was 94.9% for A group and 92.1% for B
group. All minor amputations occurred in limbs presented with chronic limb threatening ischemia
(CLTI). Overall survival was 91.7% for group A and 89.4% for group B.
Conclusions: Paclitaxel + Dextran DCB angioplasty proved safe and effective in managing
chronic lesions of femoropopliteal arteries. Our experience has shown superior primary patency
rate for Elutax when compared to POBA.
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INTRODUCTION

European guidelines1 recommend an endovascular

strategy for lesions<25 cm in both artery symptom-

atic femoropopliteal disease and below knee artery

disease as a first-line treatment. For chronic limb

threatening ischemia (CLTI), the guidelines recom-

mend a revascularization strategy in accordance

with lesion complexity.

Surgical revascularization was once the only

strategy available but in recent years endovascular

approaches have gained popularity due to their

faster recovery times and correspondingly lower

morbidity and mortality rates, particularly in pa-

tients with multiple medical comorbidities.

That being said, higher restenosis rates and low

long-term patency rates remain limiting factors for

the endovascular approach. In order to improve

the primary patency rate following plain old balloon

angioplasty (POBA), bare-metal stents may be

implanted, even if the presence of a permanent

metallic scaffold seems to increase restenosis and

occlusions.

Over the last years, Paclitaxel-based drug-coated

balloons (DCB) and drug-eluting stents (DES)

have been showing promise for the treatment of pe-

ripheral artery disease and have been introduced to

help with lowering restenosis and improving

patency rates.2 Several meta-analyses have reported

the superior performance of paclitaxel-based DCBs

compared to standard POBA for femoropopliteal pe-

ripheral artery lesions,3,4 causing some authors to

consider DCB a first choice for treatment of de

novo stenosis. Many commercial devices are avail-

able and a new generation of DCBs can combine

two drugs to improve results.

A published meta-analysis of randomized

controlled trials has shown an increased risk of mor-

tality within 5 years following application of

paclitaxel-coated DCB and DES in femoropopliteal

lesions,5,6 postulating a dose-dependent relation-

ship between the death and paclitaxel administra-

tion. However, it remains unclear whether

treatment of femoropopliteal lesions with a

paclitaxel-coated DCB leads to an increase in all-

cause mortality in a real-world setting.

The objective of this study is to analyze the safety

and effectiveness of a new generation DCB (Elutax;

AR Baltic Medical, Vilnius Lithuaniadalso mar-

keted as Emperor in some European countries;

Aachen Resonance, Germany, and AB Medica,

Italy) for femoropopliteal lesions and to demon-

strate a reduction in restenosis rates and need for

reintervention compared to standard POBA, using

a case-control study as a model.

MATERIALS AND METHODS

We retrospectively reviewed for a case-control study

a prospectively maintained registry of all patients

with symptomatic femoropopliteal artery lesions

treated with Elutax between January 2019 and

January 2020 and POBA between January 2017

and January 2018. Approval from the investiga-

tional review board of the Interuniversity Center

of Phlebolymphology, International Research and

Educational Program in Clinical and Experimental

Biotechnology (approval number: ER.ALL.2018.

49 A) was obtained. Inclusion criteria were Ruther-

ford class from 3 to 5, significant femoropopliteal

stenosis or occlusion >40 mm in length with

patency of at least 1 below-the-knee vessel, and

life expectancy >1 year. Exclusion criteria were oc-
clusion longer than 25 cm, occlusion of all below-

the-knee vessel, multilevel atherosclerotic disease

requiring additional procedures (i.e., iliac angio-

plasty/stenting, common femoral artery endarterec-

tomy, and so on), and preplanned major

amputation (Table I). Indications for intervention

included the following: lifestyle-limiting intermit-

tent claudication (Rutherford 3), ischemic rest

pain (Rutherford 4), minor tissue loss-nonhealing

ulcer, and focal gangrene with diffuse pedal

ischemia (Rutherford 5). All patients had a

computed tomography angiography to study the

features of the arterial lesions and plan the

intervention.

Prior to procedure, patient demographics, clinical

presentation, and ankle-brachial index (ABI) assess-

ment and comorbidities were identified and

recorded (Table II).

Fifty-three consecutive patients (36 males)

treated with Elutax were enrolled and defined as

group A, and 71 consecutive patients (47 males)

treated with POBA were defined as group B. Sub-

jects were followed for a total of 24 months and un-

derwent duplex ultrasonography evaluationat

30 days and 6, 12, and 24 months, thereafter. We

performed additional ultrasonographic evaluation,

for patients who clinically needed re-evaluation

due to recurrent symptoms and/or worsening pain

at rest in the limb treated, and nonhealing lesions.

Ultrasound performance and interpretation was

blinded. Assessments at 1, 6, 12, and 24 months

included the occurrence of reintervention (target

vessel recanalization, target lesion revascularization

(TLR), and amputation), major adverse cardiovas-

cular and cerebrovascular events (MACCE) and

health status. Primary patency, defined as freedom

from restenosis (duplex ultrasonography peak sys-

tolic velocity ratio �2.4) and/or reocclusion, was
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analyzed throughout 24 months per study protocol

and considered as the primary end point. Secondary

end points included the following: clinically driven

target lesion revascularization (CD-TLR) rate,

defined as rate of patients with restenosis/reocclu-

sion of the target vessel with need for revasculariza-

tion due to recurrence of symptoms; overall survival

and limb salvage rate.

Statistical analysis was carried out with version

April 1, 1106 2009e2021 RStudio, PBC. Continuous
variables (age, body mass index, ABI, target lesion

reference vessel diameter and length, sheath size,

predilation balloon diameter, length and pressure,

number of treatment balloons per subject) and out-

comes (ABI, procedural time, follow-up time and

hospital stay) were analyzed with aWelch two sam-

ple t-test, while categorical variables (males, current

smoker, hypertension, diabetes, insulin-dependent

diabetes, dyslipidemia, coronary artery disease,

prior myocardial infarction, chronic kidney disease,

previous amputation and stenting, Rutherford cate-

gory, popliteal involvement, total occlusion, no. of

patent runoff vessels, contralateral femoral access,

type of lesion and need for stenting) with a two-

sample test for equality of proportions with continu-

ity correction. Categorical outcomes (restenosis/

reocclusion, CD-TLR, target limbmajor amputation,

all-cause death and MACCE-related death) were

analyzed with Fisher’s test.

The KaplaneMeier method was used to evaluate

time-to-event data. Difference in the survival curves

between the treatment groups was assessed using

the log-rank test.

The DCB used for our study was Elutax, a third-

generation balloon that is the newest of its kind,

which enables a long-term drug release over a

period of months with only a single inflation.

The balloon integrated two different drugs

(Dextran + Paclitaxel) on its surface: Dextran, which

provided an antithrombotic effect to reduce erythro-

cyte aggregation, platelet adhesiveness and function

while activating plasminogen with a thrombolytic

effect, and Paclitaxel which blocked progression of

cellular mitosis inhibiting cell division and prolifer-

ation to reduce restenosis.6e8

Local anesthesia was administrated to all patients.

An ipsilateral or contralateral femoral approach was

used to perform procedure. After the introducer

sheath was successfully inserted, 3500 UI heparin

sodiumwas administrated. In all cases we used plain

balloon with a diameter of 1 mm undersized to the

reference vessel diameter (RVD) to predilate target

lesion. After that, the lesions were dilated with Elu-

tax balloon using a diameter 1:1 ratio to the RVD,

which ranged from 4.0 to 6.0 mm. Elutax was

inflated at 10 atmospheres for at least 180 sec ac-

cording to manufacturer’s instructions for use. As

flow limiting dissection is a significant risk factor

for restenosis/occlusion, in cases of a flow-limiting

dissection or >50% residual stenosis after Elutax

angioplasty, a bailout stent (Everflex Self-

Expanding Peripheral Stent System; ev3 Inc. Ply-

mouth, Minnesota, United States) was deployed.

Following procedure, all patients were prescribed

with a dual antiplatelet therapy, acetylsalicylic acid

(aspirin, 100 mg/d) and clopidogrel (75 mg/d) for

24 months, and a single antiplatelet therapy was

indefinitely prescribed thereafter. No significant dif-

ference about the adherence to anti-platelet therapy

between the POBA and Elutax groups was observed.

Standard and advanced wound care was continued

after intervention until healing was achieved. Pri-

mary and secondary end points were assessed at

24 months and no patients were lost to follow up

during this period.

RESULTS

Both treatment groups had similar demographics,

comorbidities, and lesion characteristics at baseline

(Table II). Cardiovascular risk factors were prevalent

in the patients included in the study (Table II), and

13.7% of patients suffered from chronic kidney dis-

ease. Half the patients presented with CLTI (Table

II). Mean lesion length was 121.5 ± 58.1 mm in

Table I. Study enrollment criteria

Inclusion criteria Exclusion criteria

Rutherford 3e4e5 Rutherford 0e1e2e6
Significant femoropopliteal stenosis or occlusion

>40 mm in length

Occlusion longer than 25 cm

At least 1 below-the-knee vessel with distal runoff Poor distal runoff (occlusion of all below-the-knee vessel)

Life expectancy >1 year Multilevel atherosclerotic disease requiring additional

procedures

Preplanned major amputation
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the Elutax group versus 113.6 ± 53.2 mm in the

POBA group (P ¼ 0.441). Forty-two (79.2%) of 53

Elutax-treated lesions and 54 (76%) of 71 POBA-

treated lesions were occlusions. Thirty-three-point

nine percent and 38% of the lesions in groups A

and B respectively, had only 1 distal outflow vessel

with the remainder having at least 2 distal outflow

vessels. Owing to the >50% residual stenosis

(CLTI limbs, 4) and flow-limiting dissections (CLTI

limbs, 5), 9 superficial femoral lesions in group A

and 16 in group B required stent placement, result-

ing in a stent-assisted technical success rate of

Table II. Subject clinical, baseline lesion, and procedural characteristics

Subject clinical characteristics

Overall Group A (Elutax) Group B (POBA)

CI 95%
P-value
(<0.05)(N ¼ 124) n ¼ 53/124 n ¼ 71/124

Age (years) 67.3 ± 8.1 67.3 ± 9.0 67.2 ± 7.4 [�3.15; 2.88] 0.927

Males 83/124 (66.9%) 36/53 (67.9%) 47/71 (66.1%) [�0.20; 0.16] 0.992

BMI (kg/m2) 27.0 ± 3.3 26.8 ± 3.4 27.2 ± 3.2 [�0.81; 1.60] 0.515

Current smoker 51/124 (41.1%) 19/53 (35.8%) 32/71 (45%) [�0.09; 0.28] 0.396

Hypertension(SAP>140 mm Hg

and/or DAP>90 mm Hg)

102/124 (82.2%) 43/53 (81.1%) 59/71 (83%) [�0.13; 0.17] 0.963

Diabetes (glycemia>125 mg/dL
and/or use of HD/insulin)

76/124 (61.2%) 31/53 (58.4%) 45/71 (63.3%) [�0.14; 0.23] 0.713

Insulin-dependent diabetes 30/76 (39.4%) 13/31 (41.9%) 17/45 (37.7%) [�0.29; 0.20] 0.900

Dyslipidemia(Tot. Chol.>240 mg/dL
and/or TGL>150 mg/dL and/or
use of LLD)

84/124 (67.7%) 35/53 (66%) 49/71 (69%) [�0.15; 0.21] 0.875

CAD 47/124 (37.9%) 19/53 (35.8%) 28/71 (39.4%) [�0.15; 0.22] 0.825

Prior MI 16/124 (12.9%) 9/53 (16.9%) 7/71 (9.8%) [�0.21; 0.06] 0.368

CKD (GFR<60 ml/min/1,73m2) 17/124 (13.7%) 5/53 (9.4%) 12/53 (16.9%) [�0.06; 0.20] 0.351

Previous amputation 4/124 (3.2%) 3/53 (5.6%) 1/71 (1.4%) [�0.12; 0.04] 0.416

Previous stenting 12/124 (9.6%) 8/53 (15.1%) 4/71 (5.6%) [�0.22; 0.03] 0.145

ABI 0.52 ± 0.09 0.51 ± 0.08 0.52 ± 0.09 [�0.02; 0.04] 0.527

Rutherford 3 57/124 (45.9%) 26/53 (49%) 31/71 (43.6%) [�0.24; 0.13] 0.678

Rutherford 4 41/124 (33%) 16/53 (30.1%) 25/71 (35.2%) [�0.13; 0.23] 0.692

Rutherford 5 26/124 (20.9%) 11/53 (20.7%) 15/71 (21.1%) [�0.14; 0.15] 1.000

Baseline lesion and procedural

characteristics

Popliteal involvement 32/124 (25.8%) 13/53 (24.5%) 19/71 (26.7%) [�0.14; 0.19] 0.941

Target lesion RVD (mm) 5.1 ± 0.6 5.1 ± 0.6 5.1 ± 0.6 [�0.21; 0.23] 0.938

Target lesion length (mm) 117 ± 55.2 121.5 ± 58.1 113.6 ± 53.2 [�28; 12.3] 0.441

Total occlusion 96/124 (77.4%) 42/53 (79.2%) 54/71 (76%) [�0.19; 0.13] 0.839

No. of patent runoff vessels

1 45/124 (36.2%) 18/53 (33.9%) 27/71 (38%) [�0.14; 0.22] 0.781

2 36/124 (29%) 14/53 (26.4%) 22/71 (30.9%) [�0.13; 0.22] 0.722

3 43/124 (34.6%) 21/53 (39.6%) 22/71 (30.9%) [�0.27; 0.10] 0.418

Contralateral femoral access 107/124 (86.3%) 47/53 (88.6%) 60/71 (84.5%) [�0.17; 0.09] 0.686

Type of lesion

De novo 101/124 (81.4%) 41/53 (77.3%) 60/71 (84.5%) [�0.08; 0.22] 0.435

Restenosis/reocclusion 19/124 (15.3%) 9/53 (16%) 10/71 (14%) [�0.17; 0.11] 0.848

Intrastent restenosis/reocclusion 4/124 (3.2%) 3/53 (5.6%) 1/71 (1.4%) [�0.12; 0.04] 0.416

Sheath size (French) 5.8 ± 0.7 5.8 ± 0.8 5.8 ± 0.7 [�0.31; 0.22] 0.735

Predilation balloon diameter (mm) 4.3 ± 0.7 4.3 ± 0.8 4.2 ± 0.7 [�0.31; 0.24] 0.806

Predilation balloon length (mm) 74.7 ± 27.3 75.8 ± 28 73.9 ± 26.9 [�11.8; 8.01] 0.704

Predilation balloon pressure (atm) 8.5 ± 2.7 8.5 ± 2.9 8.5 ± 2.6 [�1.07; 0.92] 0.885

No. of treatment balloons per subject 1.1 ± 0.3 1.1 ± 0.3 1.1 ± 0.2 [�0.13; 0.08] 0.603

Need for stenting 25/124 (20.1%) 9/53 (16.9%) 16/71 (22.5%) [�0.10; 0.21] 0.591

BMI, body mass index; SAP, systolic arterial blood pressure; DAP, diastolic arterial blood pressure; HD, hypoglycemic drugs; TGL,

triglycerides; LLD,lipid-lowering-drugs; CAD, coronary artery disease; MI, myocardial infarction; CKD, chronic kidney disease; GFR,

glomerular filtration rate; RVD, reference vessel diameter.
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100%. Technical success, defined as residual diam-

eter stenosis �50% for non-stented patients or

�30% for stented patients, was achieved in 100%

of the subjects in both groups.

The restenosis/reocclusion rate at 24-months was

significantly lower with Elutax than with POBA

(restenosis/reocclusion rate: 9.4% vs. 25.3%, odds

ratio [OR] 0.30, 95% confidence interval [CI]:

0.08e0.95, P ¼ 0.034). The KaplaneMeier estimate

of primary patency was 88.2% for Elutax compared

to 71.5% for POBA (log rank P ¼ 0.03; Fig. 1).

Elutax-treated patients showed no significant differ-

ence in CD-TLR rate at 24 months (7.5% vs. 18.3%,

OR: 0.36, 95% CI: 0.08e1.28, P ¼ 0.114) compared

with patients treated with POBA (Table III, Fig. 2).

The mortality rate at 24-months was similar in

both groups (5.6% vs. 8.4%, OR 0.65, 95% CI:

0.10e3.23, P ¼ 0.731). The KaplaneMeier estimate

of overall survival was 91.7 % for Elutax compared

to 89.4% for POBA (log rank P ¼ 0.5; Fig. 3). Four

were MACCE-related deaths (1.8% vs. 4.2%, OR:

0.43, 95% CI: 0.008e5.64, P ¼ 0.635) while 3/124

and 2/124 were respiratory insufficiency- and septic

state-related deaths.

During the follow-up period of 24 months, 2

above-the-knee amputations in group A versus 5

amputations in group B were observed (3.7% vs.

7%, OR: 0.52, 95% CI: 0.04e3.33, P ¼ 0.697). The

KaplaneMeier estimate of limb salvage was 94.9%

for Elutax compared to 92.1% for POBA (log rank

P ¼ 0.4; Fig. 4).

No deaths or other major complications (i.e.,

rupture, perforation, embolization of distal arteries,

and contrast nephropathy) were observed in any of

the patients within 30 days after procedure in either

group.

DISCUSSION

Several randomized trials report on the superior

benefits/major advantages of employing DCB over

POBA in patients with femoropopliteal disease,7,9,10

denoting higher patency rates compared to un-

coated balloons.

Our study demonstrates that performing endo-

vascular DCB angioplasty with Elutax can be safe

and effective in treating patients with atheroscle-

rotic femoropopliteal lesions leading to high levels

of technical success, limb salvage and patency rates

as well as low prevalence of procedure-related com-

plications, even in limbs presenting CLTI and long-

segment occlusion lesions.

Elutax has been used in several trials to treat de

novo coronary and intracranial artery stenosis

resulting in a more favorable angiographic outcome

of ‘‘new generation’’ DCBs versus other DCBs,

thereby demonstrating their feasibility and safety

in patients with symptomatic high-grade stenosis

and is supported by significantly lower rates of

ischemic re-events or restenosis.11,12

Treatment of long steno-occlusive femoropopli-

teal lesions is associatedwith a high risk of dissection

to rechannel vessel increasing the impact of future

restenosis, so it could be necessary stents implanta-

tion even if in short no flow limiting dissections it

should be unnecessary.13 Long-segment occlusions

typically treated with subintimal recanalization us-

ing balloon cause tears and dissections. In such cases

the use of DCB could improve angioplasty result and

late vascular remodeling.14

Because flow-limiting dissection is a significant

risk factor for restenosis/reocclusion,14 25 out of the

124 treated cases in our study required stent place-

ment due to flow-limiting dissections. Moreover, it

was found that, when compared to POBA, DCB was

associated with decreased arterial wall fibrosis after

Fig. 1. The Kaplan-Meier estimate of primary patency.
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overstretch injuries by balloon angioplasty and

reduced degrees of constrictive remodeling and neo-

intimal hyperplasia.11,15 Notwithstanding these

findings, however, the effects of various DCBs or

stents on the subintimal channel require further

investigation.

Severe calcification reducing the antirestenotic

effect of the drug is considered a risk factor for reste-

nosis in the femoropopliteal segment16 following

DCB angioplasty,17 and to support this 5 reocclusion

episodes did occur in our Elutax group while in the

POBA angioplasty group the reocclusion rate was

even higher (18/71). These patients had been elec-

ted for surgical or hybrid procedures benefiting

from the complementary role of endovascular and

surgical treatments which compensated for unsatis-

factory results of both approaches.18,19

Infrapopliteal outflow is considered a significant

factor potentially affecting the primary patency

rate of femoropopliteal occlusive diseases. Salapura

et al.20 reports that restenosis or reocclusion

occurred in 23% of subjects with compromised

outflow and 11% of patients with good runoff

1 month after femoropopliteal angioplasty, though

restenosis or reocclusion incidence increased at

approximately identical rates in both groups after

6 months (49% vs. 43%) and 12 months (57% vs.

52%) leading the authors to conclude that patients

are predisposed to early restenosis or reocclusions

if there is a compromised postprocedural infrapopli-

teal outflow. A retrospective review21 of 86 patients

treatedwith angioplasties for femoropopliteal occlu-

sions found that a decreased primary patency and

limb salvage rate was significantly associated with

isolated popliteal artery outflow or one tibial vessel

outflow during a mean follow-up time of 2.4 years

(880 ± 68.84 days), suggesting that the impact of

infrapopliteal outflow on long-term patency after

Fig. 2. The Kaplan-Meier estimate of CD-TLR.

Table III. Safety and effectiveness outcomes (24-months)

Safety and effectiveness
outcomes (24 months)

Overall Group A (Elutax) Group B (POBA)
Odds
ratio CI 95%

P-value
(<0.05)N ¼ 124 n ¼ 53/124 n ¼ 71/124

Restenosis/reocclusion

(No. of restenosis or

reocclusions/total limb

treated)

23/124 (18.5%) 5/53 (9.4%) 18/71 (25.3%) 0.30 [0.08; 0.95] 0.034

CD-TLR 17/124 (13.7%) 4/53 (7.5%) 13/71 (18.3%) 0.36 [0.08; 1.28] 0.114

Target limb major amputation 7/124 (5.6%) 2/53 (3.7%) 5/71 (7%) 0.52 [0.04; 3.33] 0.697

All-cause death 9/124 (7.2%) 3/53 (5.6%) 6/71 (8.4%) 0.65 [0.10; 3.23] 0.731

MACCE related death 4/124 (3.2%) 1/53 (1.8%) 3/71 (4.2%) 0.43 [0.008; 5.64] 0.635

ABI 0.8 ± 0.12 0.85 ± 0.12 0.77 ± 0.12 - [�0.11; �0.03] <0.001
Procedural time (min) 86.4 ± 34.5 85.1 ± 36.5 87.4 ± 33.2 - [�10.2; 15.0] 0.711

Hospital stay (days) 2 ± 1.8 2 ± 2 2 ± 1.7 - [�0.71; 0.65] 0.934

Follow-up time (months) 24 ± 0 24 ± 0 24 ± 0 - NA NA

Technical success 124/124 (100%) 53/53 (100%) 71/71 (100%) NA NA NA

CD-TLR, clinically-driven target lesion revascularization; MACCE, major adverse cardiovascular and cerebrovascular events; NA, not

applicable.
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popliteal DCB angioplasty requires a longer follow-

up period. A systematic review and meta-analysis

by Katsanos et al. reported an increased risk of all-

cause mortality following the application of

paclitaxel-coated balloons and stents in the femoro-

popliteal artery.6 In our study, no coating related

adverse events were observed at 12- and

24-months follow-up with the Elutax approach.

Moreover, overall survival at 24 months was higher

in the Elutax group than in the POBA one (91.7%

vs. 89.4%, log-rank P ¼ 0.5; Fig. 1C). Due to the

limited follow-up period, we were unable to eval-

uate the long-term safety of Elutax angioplasty in

femoropopliteal artery lesions and further research

with a longer follow-up duration is undoubtedly

required for safety concerns. Several studies have

proven that paclitaxel-DCB is also effective in treat-

ing limbs with CLTI caused by infrapopliteal lesions

as evidenced by relief of rest pain and promotion of

ulcer healing, citing that they give better results in

outcomes when compared to POBA angioplasty.3,4,9

Due to the favorable results revealed by our anal-

ysis and reported herein, we can conclude that

paclitaxel + dextran DCB is considered a safe and

effective modality for treating femoropopliteal le-

sions, albeit a longer follow-up period is necessary

to confirm its long-term efficacy.

CONCLUSIONS

New generationDCBs have firmly secured their pro-

pitious role in femoropopliteal disease proving

excellent short-term patency and low TLR rates

when compared to POBA alone. They have also

been shown to be safe. Given the reduction in TLR

and its ease of use, new generation DCBs can be

considered an attractive alternative to conventional

POBA.More randomized trials are necessary to opti-

mize the drug dosage needed so as to ensure better

long-term outcomes. This can be done by evaluating

paclitaxel + dextran-based DCBs and establishing

their safety in femoropopliteal disease.

The results of our study lead us to conclude that,

when compared with POBA, treatment with Elutax

provides superior clinical benefits throughout early

and midterm follow-up bearing in mind, however,

that longer-term outcomes are as yet uncertain

and need to be studied further.

The authors would like to thankMrs Juliet Ippolito for reviewing

the English language.
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