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A b s t r a c t

The femoropopliteal artery is one of the commonest sites of involvement in peripheral artery disease (PAD) leading to in-
termittent claudication and/or critical limb ischemia. Endovascular therapy for superficial femoral artery (SFA) disease has been 
recognized as a  safe and efficient therapy and is recommended by current guidelines as the first-line approach. Although the 
widespread use of new-generation, self-expanding, nitinol stents in SFA stenosis has reduced the shortcomings associated with 
plain old balloon angioplasty (POBA), lumen renarrowing at the stented (in-stent restenosis – ISR) level still represents a relevant 
clinical problem, because of higher risk of recurrent ISR, occlusion and surgical revascularization compared to de-novo lesions. In 
this setting, different treatment options are available and drug-coated balloons (DCBs) have shown good results in terms of safety 
and effectiveness. In this review we examine the results of different trials exploring the outcome of using DCBs for the treatment of 
SFA ISR. The available data demonstrate that SFA ISR can be safely treated with percutaneous transluminal angioplasty with a DCB, 
with a reduction in recurrent restenosis and target lesion revascularization (TLR) at least at 1 year after POBA. The consistent and 
positive results of different registries and randomized trials support the use of DCB to reduce SFA ISR recurrence. 

Key words: superficial femoral artery, superficial femoral artery, drug-coated balloon, drug-coated balloons, in-stent restenosis, 
in-stent restenosis. 

Introduction
The femoropopliteal artery is one of the commonest 

sites of involvement in peripheral artery disease (PAD) 
leading to intermittent claudication and/or critical limb 
ischemia. 

Endovascular therapy for superficial femoral artery 
(SFA) disease has been recognized as a safe and efficient 
therapy and is now recommended by current guidelines 
as the first-line approach, particularly in trans-Atlantic in-
ter-society consensus (TASC) A-C lesions and in selected 
TASC D cases [1–3]. 

Standard approach consists in plain old balloon angio-
plasty (POBA) whereas stenting is considered only as a bail-
out treatment (for flow-limiting dissection, residual steno-
sis > 30% or elastic recoil). However, due to the increasing 
technical complexity of angioplasty cases, the use of stents 
is more frequently allowed, especially in the treatment 
of complex lesions (ulcerated, highly calcified plaques, 
long-segment stenosis/occlusions > 150 mm) [4, 5].

Complex lesion percutaneous transluminal angio-
plasty (PTA) is associated with high rates of restenosis, 
reocclusion and symptom recurrence in up to 40–60% of 
patients in whom a standard balloon alone is used [6–8]. 

During balloon inflation an injury in the vascular 
wall is likely to be created, which can trigger subse-
quent biological processes. These comprise immediate 
elastic recoil of the arterial wall, intimal dissection, and 
negative vascular remodeling by neointimal hyperpla-
sia. Stenting can prevent the elastic recoil and dissec-
tion and, thereafter, the risk of early occlusion. But 
stenting alone is not able to inhibit neointimal prolifer-
ation, which can even be stimulated by the stent struts. 
This overshooting biological response to vascular injury 
leads to loss of primary patency (PP), late lumen loss 
(LLL), occlusion, and the need for target lesion revascu-
larization (TLR) [9, 10].

The use of self-expanding nitinol stents improved the 
patency rate of treated SFA but the occurrence of in-stent 
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restenosis (ISR) has become a considerable problem, oc-
curring in up to 40% of patients within the first year [7, 
11, 12].

Nevertheless, stenting long femoro-popliteal (FP) 
segments with tubular nitinol stents has demonstrated 
a  significant risk of stent fracture due to physiological 
torsion of the femoral artery, potentially resulting in ei-
ther restenosis or acute thrombosis [13, 14].

Classification of femoro-popliteal in-stent 
restenosis

A  classification system for FP ISR was proposed by 
Tosaka et al. [17] in which ISR lesions are assigned to one 
of three categories based on angiographic features: 
–  Class I (focal ISR): includes lesions ≤ 50 mm in length 

that are positioned in the stent body, at the stent edge, 
or both.

–  Class II (diffuse ISR): includes stent body lesions and 
stent edge lesions > 50 mm in length.

–  Class III: totally occluded ISR. 
Recurrent ISR at 2 years after balloon angioplasty is 

higher in patients with class III lesions (84.9%) than in 
those with class I or class II lesions (about 50%). Recur-
rent occlusion at 2 years was 64.6% in class III compared 
with the other two classes (< 20%). 

Similarly, Armstrong et al. found that class III ISR 
remains an independent predictor of restenosis and 
reocclusion despite more frequent use of atherectomy 
and stent placement among patients with class III ISR 
[15–17]. 

Endovascular treatment of superficial  
femoral artery in-stent restenosis

Treatment of SFA-ISR is associated with increased 
risks of recurrent ISR, recurrent occlusion and surgical 
revascularization when compared to de-novo lesions 
[16]. Different treatment options are available, such 
as angioplasty with a balloon or stent. A plain balloon 
may expand a stent that was previously underdeployed 
or increase the luminal area through radial forces that 
compress the lesion outward against the stent. The 
high rate of immediate technical success after PTA for 
FP ISR followed by a  similarly high rate of recurrence 
suggests that recoil of the hyperplastic lesion occurs 
frequently [17]. In the coronary territory, intravascular 
ultrasound (IVUS) studies demonstrated that angio-
plasty of the in-stent tissue causes its redistribution 
along the stent struts. This mechanism leads to high 
late lumen loss values during follow-up [18]. There-
fore, outcomes may be closely related to the amount 
of in-stent tissue, as shown by Tosaka et al. [17]. Dick 
et al. [19] in 2008 reported 65% recurrent stenosis at 
6 months in patients treated with POBA in long ISR le-
sions (74 ±65 mm).

Drug-coated balloon (DCB) in superficial 
femoral artery in-stent restenosis 

Several studies have shown good results of DCBs in 
SFA in-stent restenosis. The potential safety and effec-
tiveness of a therapeutic strategy based on the adjunc-
tive use of DCB for the treatment of SFA-ISR was pro-
posed by a  single center Italian registry [20] including  
39 consecutive patients who underwent conventional  
PTA for SFA-ISR and final post-dilation with paclitaxel- 
eluting balloons (IN.PACT, Medtronic, Minneapolis, Min-
nesota). Technical success (defined as the ability to suc-
cessfully perform PTA and DEB post-dilation with a resid-
ual stenosis < 30%) and procedural success (defined as 
technical success without the occurrence of any in-hos-
pital major adverse cardiac and cerebrovascular events) 
were achieved in 100% of patients. The primary endpoint 
(primary patency defined as proximal flow velocity ratio 
of 2.4 documented by duplex ultrasound at 12 months 
without target lesion revascularization) was obtained in 
92.1% of patients. 

Significant target lesion restenosis was observed 
only in 1 patient at 3 months and in 2 patients at  
6 months. All these patients underwent a  successful 
re-PTA. At 1 year secondary patency, clinical success 
(1 category improvement in the Rutherford scale from 
baseline or 2 categories if there was pre-existing tissue 
loss) and hemodynamic success (0.1 improvement in 
the ankle-brachial index during the period from base-
line to post-procedure day 30 and no deterioration  
> 0.15 from the maximum early post-procedure level  
at 1 year) were observed in 100% of patients [20]. 
From the same patients, a 70.3% primary patency rate  
at 2 years of follow-up was reported [21].

These study suggested that SFA-ISR can be safely 
treated with PTA with DCB, that the use of DCB is as-
sociated with low rates of recurrences and good clinical 
outcomes, and that class III ISR (occlusive) was not asso-
ciated with an increased recurrence risk. 

Similar results were reported from the PLAISIR study 
[22], which is a prospective and multicentre cohort study 
including 53 symptomatic patients with femoropopliteal 
in-stent restenosis (mean length: 86 ±32 mm) treated by 
paclitaxel-eluting balloon angioplasty (In Pact Admiral, 
Medtronic, Santa Rosa, CA, USA). At 1 year freedom from 
TLR and target extremity revascularization (TER) were 
90.2 ±4.2% and 85 ±5%, respectively, and the primary 
patency rate was 83.7 ±5.0%. 

These data triggered the design of several clinical tri-
als including the Drug-Eluting Balloon in Peripheral Inter-
vention for In-Stent Restenosis (DEBATE-ISR) trial [23] of 
44 patients with diabetes and FP-ISR treated with IN.PACT 
(Medtronic, Santa Rosa, CA, USA). Lesion length was 132 
±86 mm in the DCB group vs. 137 ±82 mm in the POBA 
group. Recurrent restenosis occurred in 19.5% of patients 
in the DCB group vs. 71.8% in the POBA group. TLR was 
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performed in 13.6% of patients in the DCB vs. 31% in 
the POBA group. However, at 3-year follow-up, the TLR 
rate in both groups was equivalent (40% vs. 43%), thus 
suggesting that the use of DCB was only delaying the 
recurrence of restenosis. Of note, the presence of a class 
III ISR lesion was associated with a  worse outcome in 
both groups [24].

The Femoral Artery In-Stent Restenosis (FAIR) trial 
[25] is a larger trial of DCBs for treatment of FP ISR in 119 
patients (mean lesion length of 82.2 ±68.4 mm in both 
groups) including 28.6% chronic total in-stent occlusions 
of the SFA. The primary endpoint was the 6-month rest-
enosis rate, which was in favor for the DCB when com-
pared with POBA (15.4 vs. 44.7%). At 1 year restenosis 
rates were 29.5 and 62.5%, respectively and freedom 
from clinically driven TLR at 390 days was 90.8% and 
52.6%, respectively. 

PACUBA is a prospective, dual-center, single-blind, ran-
domized trial [26] of DCB angioplasty versus PTA in ISR of 
femoropopliteal arteries with blinded core laboratory ad-
judication, enrolling 74 patients. The mean lesion length 
was 173 ±113 mm in the DCB group and 184 ±88 mm  
in the POBA group. The 12-month primary patency rates 
were 40.7% versus 13.4% in the DEB versus POBA group. 
This finding was more evident in TASC A and B lesions. 

A  recent meta-analysis of three prospective con-
trolled trials comparing DCB versus POBA (DEBATE ISR, 
FAIR and PACUBA) for femoropopliteal ISR was performed 
by Wu et al. [27]. A total of 278 patients constituted the 
final study population, with 141 (50.7%) patients treated 
by DCB and 137 (49.3%) patients treated by POBA. 

All the trials evaluated recurrent ISR at 12 months 
for DCB versus POBA. The incidence of combined recur-
rent ISR in the DCB group was significantly lower than 
that in the POBA group (34.8% vs. 73.1% respectively); 
consequently freedom from TLR in the DCB group was 
significantly higher than that in the POBA group (82.2% 
vs. 54.1%). 

No significant difference in the rate of major adverse 
events (MAEs) was found among the groups. 

These data, even if limited by the few studies and pa-
tients enrolled, underline the superior efficacy outcome 
of DCB over POBA for the treatment of FP ISR. 

The authors concluded that DCB is associated with 
improved clinical efficacy and a low incidence of side ef-
fects; however, it should be questioned whether POBA 
remains suitable as a comparator for FP ISR trials: recent 
research has shown that POBA is not an effective treat-
ment strategy for FP ISR, especially for longer lesions, be-
cause of unacceptable results [28, 29]. 

The recently published Paclitaxel-Eluting Balloon Ver-
sus Conventional Balloon Angioplasty for In-Stent Reste-
nosis of Superficial Femoral Artery (ISAR-PEBIS) 2-center 
trial [30] confirmed the good results of DCBs in SFA in-
stent restenosis. In this trial 70 patients with symptom-

atic in-stent restenosis were randomized to either DCB 
or POBA (mean lesion length: 139 ±67 mm), and roughly 
one third of lesions were completely occluded at the time 
of the index procedure. 

At control angiography performed at 6 to 8 months, 
the percentage diameter stenosis (44 ±33% vs. 65 ±33%) 
and binary restenosis were significantly reduced with 
DCB versus POBA (30% vs. 59%). At 24-month follow-up, 
DCB was associated with a significant reduction of tar-
get lesion revascularization in comparison to POBA (19% 
vs. 50%). Other endpoints were analyzed (target vessel 
thrombosis, ipsilateral amputation, bypass surgery of the 
affected limb, and all-cause mortality at 24-month fol-
low-up) but no difference was detected.

More recently, the data from the largest real world 
database on the use of DCB for the treatment of femoro-
popliteal obstructions have been reported.

The IN.PACT Global study is a prospective, multicenter, 
international, single arm clinical trial that evaluated the 
safety and effectiveness of a  paclitaxel-coated DCB in 
a real-world population of 1535 patients with symptom-
atic (Rutherford class 2 to 4) femoropopliteal PAD (with 
single or multiple lesions; unilateral or bilateral disease; 
any lesion 2 cm or longer). A subset of 131 patients with 
long and complex de novo ISR was examined (mean le-
sion length 17.17 ±10.47 cm, 34% chronic total occlu-
sion, 8.3% heavily calcified, 29% involving the proximal 
popliteal artery, 38.6% with 0-vessel runoff, and 35% 
with diabetes). In this study an independent adjudication 
of adverse events and independent analysis of angiog-
raphy and duplex ultrasonography were performed. Pri-
mary patency at 12 months was 88.7%, with a clinically 
driven target lesion revascularization rate of 7.3%. The 
primary safety outcome, a  composite of freedom from 
device- and procedure-related mortality through 30 days 
and freedom from major target limb amputation and 
clinically driven TLR within 12 months, was 92.7%. These 
data support DCB as desirable therapy in long, complex 
ISR [31, 32].

The Global SFA Registry is the first multicenter, world-
wide, prospective, real-world study including 691 pa- 
tients with stenosis or occlusion of a  native femoro-
popliteal artery reporting a 24-month outcome for PAD 
patients treated with DCB. Freedom from TLR for all pa-
tients at 12 months was 93.4% and at 24 months was 
89.3%. In the subgroup of ISR patients (n = 89; target 
lesion length 154.4 ±97.1 mm) freedom from TLR was 
90.7% at 12 months and 84.6% at 24 months.

These data confirm DCB as a  good option of treat-
ment in real-world PAD patients, with a high burden of 
comorbidities and complex lesions, even in the ISR group, 
at 24-month follow-up [33].

A  new drug-coated balloon catheter was evaluated 
in the AcoArt I  randomized, multicenter, controlled clin-
ical trial that compared efficacy and safety of an Orchid 
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paclitaxel-coated peripheral balloon catheter (Acotec Sci-
entific, Beijing, China) with a standard uncoated balloon 
catheter in 200 patients (mean lesion length of 150 mm; 
25% in-stent restenosis, 55% occlusion or partial occlu-
sion, 20% provisional stenting; 74% of patients in DCB 
group and 76% in uncoated balloon group had SFA lesion 
only, 15% and 11% respectively had popliteal artery com-
bined with SFA lesions).

In the overall population, DCB showed better results 
in terms of late lumen loss at 6 months (0.05 ±0.73 mm 
with DCB and 1.15 ±0.89 mm with uncoated balloons; 
p < 0.001) and restenosis (2.5% and 70.8%; p < 0.001). 

In the subgroup analysis, LLL in patients with ISR 
was –0.04 ±0.69 in the DCB group and 1.69 ±0.71 with 
an uncoated balloon (p < 0.001), revealing a net lumi-
nal gain related to the paclitaxel effect of inhibiting the 

proliferation of smooth muscle cells and neointimal pro-
liferation [34]. 

These results further confirm the efficacy of DCB 
and demonstrate the effective inhibition of restenosis 
following angioplasty with paclitaxel-coated balloons in 
a broad range of patients and lesions. 

The peripheral DCB available in the European market 
(Table I) and a comparison of published trials on DCB use 
in ISR (Table II) are reported.

Debulking and DCBs for the treatment  
of SFA ISR 

Laser atherectomy ablates and debulks neointimal 
tissue and suppresses platelet aggregation. The Pho-
to-ablation Using the Turbo-Booster and Excimer Laser 
for In-Stent Restenosis Treatment (PATENT) [35] trial em-

Table I. Peripheral drug-coated balloons available in the European Market [14]
Brand name Manufacturer Excipient Paclitaxel  

concentration [µg/mm2]
Catheter type Guidewire  

compatibility

IN.PACT Medtronic Urea 3.5 OTW 0.014”; 0.018”; 
0.035”

Lutonix 14
Lutonix 35

Lutonix-bard Polysorbate/sorbitol 2 OTW 0.014”; 0.035”

BIOPATH (prev. Freeway) Eurocor/biosensor Shellac 3 OTW 0.014”; 0.035”

Passeo Lux Biotronik BTHC 3 OTW 0.018”

Stellarex Spectranetics Polyethylene glycole 2 OTW 0.035”

Elutax sv Aachen resonance Dextane 2.2 RX/OTW 0.014”; 0.018”

Legflow Cardionovum Shellac 3 RX/OTW 0.014”; 0.035”

Advance 18 ptx Cook None 3 OTW 0.018”

Cotavance Medtronic Lopromide 3 RX/OTW 0.014”; 0.035”

Biopath Biosensors Shellac 3 OTW 0.014”; 0.035”

OTW – over the wire, RX – rapid exchange.

Table II. Comparison of published studies on DCB in superficial femoral artery in-stent restenosis

Study Treatment 
group

FU [months] Cohort size Lesion length [mm] Freedom from TLR Primary patency

Italian Registry
[20, 21]

DCB 24 39 82.9 ±78.9 89.5% (12 M)
78.4% (24 M)

92.1% (12 M)
70.3% (24 M)

PLAISIR [22] DCB 12 53 86 ±32 90.2% 83.7%

DEBATE ISR 
[23, 24]

DCB vs. POBA 36 44 vs. 42 132 ±86 vs. 137 ±0.82 86.4% vs. 69% (12 M)
60% vs. 57% (36 M)

80.5% vs. 28.2% 
(12 M)

FAIR [25] DCB vs. POBA 12 62 vs. 57 82.3 ±70.9 vs. 81.1 ±66.2 90.8% vs. 52.2% 70.5% vs. 37.5%

PACUBA [26] DCB vs. POBA 12 35 vs. 38 173 ±113 vs. 184 ±88 49% vs. 22.1% 40.7% vs. 13.4%

ISAR PEBIS [30] DCB vs. POBA 24 36 vs. 34 132 ±65 vs. 146 ±69 81% vs. 50% 70% vs. 41%
(6 to 8 M)

IN.PACT Global 
Study [31]

DCB 12 131 171.7 ±104.7 92.7% 88.7%

Global SFA 
registry [33]

DCB 24 89 154.4 ±97.1 90.7% (12 M)
84.6% (24 M)

83.3% (12 M)
66% (24 M)

M – months.
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ployed the Turbo-Elite laser catheter and Turbo-Booster 
(Spectranetics, Colorado Springs, Colorado, USA) for FP 
ISR (mean lesion length, 123 ±95.9 mm) in 90 patients. 
Adjunctive balloon angioplasty was performed in 87.8% 
of lesions. Primary patency at 6 months and 1 year was 
64.1% and 37.8%, respectively. 

The Excimer Laser Randomized Controlled Study 
for Treatment of Femoropopliteal In-Stent Restenosis 
(EXCITE ISR) trial [36] randomized 250 patients to Tur-
bo-Tandem (Spectranetics, Colorado Springs, Colorado, 
USA) laser atherectomy with PTA vs. PTA alone for the 
FP ISR. Mean lesion length was 196 ±120 mm with total 
occlusions in 30.5% and 36.8% of patients in the laser 
+ PTA and PTA groups, respectively. Six-month freedom 
from TLR was 73.5% (laser) vs. 51.8% (PTA).

Only one study evaluated laser atherectomy with 
DEB in the treatment of in-stent restenosis. In 2014, 
Van den Berg et al. [37] showed a primary patency rate 
and a freedom from TLR rate of 86% at 18 months. This 
result suggested that laser atherectomy could assist 
DEB angioplasty effectively in the treatment of ISR. The 
ongoing Photoablative Atherectomy Followed by a  Pa-
clitaxel-Coated Balloon to Inhibit Restenosis in Instent 
Femoro-popliteal Obstructions (PHOTO-PAC) randomized 
trial will evaluate safety and efficacy of laser atherectomy 
before DCB angioplasty vs DCB angioplasty alone [38]. 

Directional atherectomy resects tissue with a cutting 
device in the longitudinal plane. There has been only 
one prospective study of this debulking modality for in-
frainguinal ISR. In a multicenter nonrandomized study of  
40 lesions in 33 patients, primary patency at 1 year and  
2 years was 33% and 25%, respectively [39]. However, 
the combination of directional atherectomy with DCB 
angioplasty offers the advantage of lesion debulking and 
the antirestenotic effect of DCB. In a retrospective anal-
ysis of 89 lesions in 29 patients with FP ISR treated with 
excisional atherectomy with DCB vs. excisional atherec-
tomy with PTA, 1-year restenosis rates were 15.3% in 
the DCB group vs. 56.2% in the PTA group. Multivariable 
analysis for restenosis demonstrated that DCB treatment 
was independently associated with decreased restenosis 
compared with PTA [40].

Lesion preparation through an uncoated balloon be-
fore DCB angioplasty seems to be essential for calcified 
and complex lesions. The rationale behind combining AR 
and DCBs is that removal of plaque facilitates local de-
livery of the antiproliferative drug and might therefore 
optimize drug delivery to the vessel wall [10]. 

Conclusions
The available data demonstrate that SFA ISR can be 

safely treated with PTA with DCB. Balloon angioplasty, 
which currently is the standard technique for ISR lesions, 
does not provide acceptable patency rates and performs 
even worse when an occlusive class III ISR lesion is 

treated. Randomized trials and large scale registry data 
demonstrate that DCB use, for the treatment of femo-
ropopliteal ISR, is associated with superior efficacy out-
comes compared with POBA at 1-year follow-up. 
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