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Purpose: Aim of this study is to report real-life experience on the treatment of
peripheral artery disease (PAD) with a specific drug-coated balloon (DCB), and to
evaluate potential prognostic factors for outcomes.

Materials and Methods: This is a retrospective study reporting outcomes in pa-
tients with PAD who were treated with the Lutonix DCB during a four-year period.
Major outcomes included: all-cause mortality, amputation, clinical improvement,
wound healing and target lesion revascularization (TLR). Mean follow-up was
24.2+2.3 months.

Results: Overall, 149 patients (mean age: 68.6+8.3 years; 113 males) were treated,
either for intermittent claudication (IC) (n=86) or critical limb ischemia (CLI) (n=63).
More than half the target lesions (n=206 in total) were located in the superficial
femoral artery and 18.0% were below-the-knee lesions. CLI patients presented
more frequently with infrapopliteal (P=0.002) or multilevel disease (P=0.0004).
Overall, all-cause mortality during follow-up was 10.7%, amputation-free survival
was 81.2% and TLR-free survival was 96.6%. CLI patients showed higher all-cause
mortality (P=0.007) and total amputation (P=0.0001) rates as well as lower clinical
improvement (P=0.0002), compared to 1C patients. Coronary artery disease (CAD),
gangrene and infrapopliteal disease were found to be predictors for death whereas
CLI and gangrene were found to be predictors for amputation, during follow-up.
Conclusion: PAD treatment with Lutonix DCBs seems to be an efficient and safe
endovascular strategy yielding promising results. However, CAD, gangrene, CLI
and infrapopliteal lesions were found to be independent predictors for adverse
outcomes. Larger series are needed to identify additional prognostic factors.
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INTRODUCTION

techniques have been established as a first-line strategy for

the treatment of peripheral artery disease (PAD) [1]. Both

In the last decade, minimally invasive endovascular

femoropopliteal and below-the-knee (BTK) atherosclerotic
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lesions are commonly treated with endovascular repair due
to the lower 30-day morbidity and mortality reported, com-
pared to bypass surgery [2,3]. Moreover, recent pooled data
has shown satisfying limb salvage and overall survival rates
using plain angioplasty (PTA) for BTK lesions, even in pa-
tients with critical limb ischemia (CLI) [4]. Randomized tri-
als have also found an improved patency when using drug
eluting stents in short isolated lesions, although the use of
simple PTA or bare metal stents below the knee has shown
rather disappointing results [5,6].

Another novel approach for longer and more difficult to
treat lesions has been angioplasty with drug-coated bal-
loons (DCBs). Several studies have shown that DCBs could
improve patency and reduce target lesion revascularization
(TLR) rates for femoropopliteal disease [7,8]. The delivery of
paclitaxel directly to the arterial wall aims to inhibit neo-
intimal hyperplasia and restenosis occurrence without the
need for deployment of a foreign stent-material. However,
early data regarding DCB for BTK lesions angioplasty has
been inconsistent [9,10]. Additionally, data reporting on
prognostic factors for major outcomes in such patients are
limited. Therefore, aim of this study is to report major out-
comes of DCB treatment in a series of patients with PAD,
and to evaluate potential predictors for adverse events dur-
ing follow-up.

MATERIALS AND METHODS
1) Study design

This was a retrospectively designed cohort study con-
ducted in a Vascular Surgery Department at the Aristotle
University of Thessaloniki (period of study: April 2013-April
2017). The study included patients with symptomatic PAD
(Rutherford stage 1-6) that were treated with endovascu-
lar angioplasty using a paclitaxel-coated balloon, namely
Lutonix (BARD Peripheral Vascular, Tempe, AZ, USA). All
patients were classified according to the severity of chronic
ischemia: patients with intermittent claudication (Rutherford
stage 1-3) and patients with CLI (Rutherford Stage 4-6). CLI
was defined as rest pain, ulcer or other necrotic lesions of
the lower limb combined with an absolute arterial pressure
of <50 mmHg at the anterior or posterior tibial arteries of
the ipsilateral foot [1]. Data on treated vessel segment, the
number, diameter and size of DCBs used, the need of ad-
ditional stenting, predilatation was extracted from medical
records.

Major outcomes included the following: overall mortal-
ity, overall amputation, major and minor amputation, clini-
cal improvement, restenosis/re-occlusion, wound healing,
TLR and hematoma/bleeding. Clinical improvement was
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defined as improvement of at least one Rutherford stage.
Wound healing was defined as total ulcer healing or reduc-
tion of its size/depth. TLR was defined as any repeat angio-
plasty or other type of revascularization during follow-up.
TLR was performed when the patient presented a restenosis
or re-occlusion plus worsening of symptoms. Major ampu-
tation was defined as amputation at the level of the femur
or the tibia. Minor amputation was defined as amputation
at the level of the foot or the toes.

2) Procedure

The Lutonix DCB is a 0.000889 m (diameter), over-the-
wire PTA dilation catheter with a semi-compliant balloon
that is coated with paclitaxel at a concentration of 2 pg/
mm2 and the excipients polysorbate and sorbitol to facili-
tate drug release and tissue deposition. The device diam-
eters ranged 3-6 mm and the length 40-150 mm. All endo-
vascular treatment decisions were at the discretion of the
operator. When needed, predilatation with an undersized
uncoated balloon (diameter >1 mm smaller) was performed
before the DCB insertion. Minimum DCB inflation was 3
minutes. If multiple DCBs were needed to cover the entire
lesion, an overlap of at least 5 mm had to be ensured. When
significant recoil (>30%) occurred after DCB inflation or
dissection was observed, stent deployment was performed.

3) Perioperative management

All patients were on a single antiplatelet regimen before
the intervention (aspirin 100 mg or clopidogrel 75 mg/day).
However, all patients received both agents for at least 3
days before repair or they received a loading dose of 300
mg clopidogrel in urgent cases. Additionally, each patient
received a 70 units/kg bolus infusion of heparin during the
procedure. Postoperatively, all patients received aspirin (100
mg/day) indefinitely plus clopidogrel (75 mg/day) for at
least three months. If a stent was deployed, prolonged dual
antiplatelet therapy could be given at the discretion of the
physician. In patients with an indication for oral anticoagu-
lation, addition of only 1 antiplatelet drug (either aspirin
or clopidogrel) to the anticoagulant regimen was recom-
mended. Before discharge, all patients underwent clinical
examination and Doppler ultrasound evaluation. Regarding
follow-up, all patients were scheduled for evaluation visits
every 6 months after the procedure that included clinical
and ultrasound evaluation.

4) Statistical analysis

Statistical analysis was conducted using the StatsDirect
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Statistical ver. 2.8.0 software (StatsDirect Ltd., Cheshire, UK).
Comparisons between groups were performed using the t-
test for continuous variables and x* and Fisher exact tests
for categorical variables as appropriate. Continuous data is
presented as the means+standard deviation. Statistical sig-
nificance was defined at a P-value of <0.05. The Kaplan-
Meier method was used to estimate rates of overall mortal-
ity, freedom from major and minor amputation, restenosis/
re-occlusion. Multivariate logistic regression was used to
identify independent associations between various risk fac-
tors and major outcomes (death, all amputation, TLR).

This study was conducted according to the Helsinki Dec-
laration for human rights. All patients provided a written
informed consent.

This study was approved by the ethical committee of
the Papageorgiou General Hospital, Thessaloniki (IRB no.
34563245).

RESULTS

Overall, 149 patients (159 limbs) were treated for 1C
(Group A, n=86) or CLI (Group B, n=63). Mean age of all
patients was 68.6+8.3 years and the majority (113/149)
were of male sex. Regarding basic demographics, the two
groups were similar except for dyslipidemia (P=0.036) and
diabetes mellitus (DM) (P=0.004) (Table 1). One fourth of

Table 1. Characteristics of patients (149 patients/159 limbs)

the claudicants were of Stage 1-2, whereas 33 patients with
CLI had an ulcer, 6 presented with rest pain and 24 patients
presented with gangrene. The majority of atherosclerotic
lesions were located in the femoropopliteal segment (81%
of all lesions) and almost 40% of patients had a multilevel
disease. In almost one third of cases, a stent needed to be
deployed, whereas 76% of patients needed a predilatation.
Predilatation was not associated with postdissection or
stent deployment.

Mean diameter of balloons was 4.78 mm, mean length
of balloons was 116.27 mm, and in 27.0% of cases, more
than one device was needed. Patients with CLI presented
more frequently with stenosis located in the popliteal artery
(P=0.004), lesions of the infrapopliteal segment (stenosis:
P=0.0001; occlusion: P=0.004), and with multilevel disease
(P=0.00004). Moreover, patients with CLI needed predila-
tation (P=0.002) as well as the deployment of more than
1 DCB (P=0.040) more frequently (Table 2). Perioperative
complications were limited. Only five patients presented
a hematoma, without requiring further intervention. Ad-
ditional, one patient presented atrial fibrillation on the 1st
postoperative day, one patient presented acute myocardial
infarction and one patient presented hematuria. Periopera-
tive mortality was null. No evident embolization was ob-
served.

The mean follow-up in this cohort was 24.242.3 months.

Variable Total (n=149) Claudicants (n=86) CLI (n=63) P-value

Age (y) 68.6+8.3 70.5+6.2 66.4+6.4 0.090
Male 13 70 43 0.080
DM 86 41 45 0.004
Hypertension 106 64 42 0.460
Dyslipidemia 71 46 25 0.036
History of Smoking 97 61 36 0.590
CAD 41 24 17 0.990
CKD 7 4 3 0.990
COPD 10 7 3 0.520
Rutherford classification

1-2 22 22 - -

3 64 64 - -

4 6 - 6 -

5-6 57 - 57 -
Ulcer 33 - 33 -
Gangrene 24 - 24 -
Former procedures 38 21 17 0.850

Values are presented as mean+standard deviation or number only.

CLI, critical limb ischemia; DM, diabetes mellitus; CAD, coronary artery disease; CKD, chronic kidney disease; COPD, chronic obstructive

pulmonary disease.
Former procedures refer to the target lesion.
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Table 2. Type of lesion and procedure characteristics

Variable Total (n=149) Claudicants (n=86) CLI (n=63) P-value
Type of lesion
SFA stenosis 93 57 36 0.310
SFA occlusion 38 26 12 0.130
POP stenosis 26 18 0.004
POP occlusion " 6 0.530
Infrapopliteal stenosis 26 1 25 0.0001
Infrapopliteal occlusion 12 2 10 0.004
Stent restenosis treated 14 10 4 0.390
Bypass stenosis 2 2 0 0.510
Multilevel disease 60 24 36 0.0004
Procedure

Only PTA 109 58 51 0.090
Stenting 40 27 13 0.190
Predilatation M4 69 35 0.002
Mean diameter of balloons (mm) 478 5.1 434 0.140
Mean length of balloons (mm) 116.27 120.63 113.71 0.090
>1 DCB used (patients number) 43 19 24 0.040
Number of devices used (mean number) 1.28 1.23 1.35 0.130
Mean follow-up (mo) 24.2+2.3 25.1+1.8 23.3+2.1 0.080

Values are presented as number only or mean+standard deviation.

CLI, critical limb ischemia; SFA, superficial femoral artery; POP, popliteal artery; PTA, percutaneous transluminal angioplasty; DCB, drug-

coated balloon.
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Fig. 1. Kaplan-Meier curves of all patients (Total), claudicants (Clau) and patients with critical limb ischemia referring to: (A)
overall survival, (B) freedom from major amputation, and (C) freedom from target lesion revascularization (TLR). CLI, critical

limb ischemia.

During follow-up, 10.7% of patients died from various
causes: cardiovascular death (n=11), infection (n=3), gas-
trointestinal bleeding (n=1), craniocerebral injury (n=1).
Regarding amputation rate, 12 patients underwent major
amputation and 16 patients underwent minor amputation.
Overall, 99 patients (66.4%) showed clinical improvement
during follow-up, and 27 patients with ulcer (81% of ulcers)

https://doi.org/10.5758/vsi.2018.34.4.94

showed signs of wound healing. Restenosis or re-occlusion
was reported in 12 patients with 9 of them needing a TLR.
Kaplan-Meier curves were generated for freedom from
death, major amputation and TLR (Fig. 1).

When comparing the two groups during the follow-
up period, patients with CLI were associated with a higher
mortality rate (19.0% vs. 4.7%; P=0.007) and a higher all
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amputation rate (44.4% vs. 0%; P=0.0001). Moreover,
claudicants were associated with a higher rate of clinical
improvement (79.1% vs. 49.2%; P=0.0002). However, no
difference was found between the two groups as far as re-
stenosis/re-occlusion and TLR rates are concerned (Table 3).

After conducting multi-regression analysis, the follow-
ing risk factors were independently associated with death
during follow-up: CAD (odds ratio [OR], 11.157; 95% confi-
dence interval [Cl], 2.054-60.592; P=0.005), gangrene (OR,
3.671; 95% Cl, 1.045-14.337; P=0.034) and infrapopliteal
disease (OR, 4.795; 95% Cl, 1.043-22.051; P=0.044). Addi-
tionally, CLI (OR, 19.705; 95% Cl, 3.595-108.011; P=0.0006)
and gangrene (OR, 3.558; 95% Cl, 1.852-7.675; P=0.034)
were independently associated with amputation during
follow-up. However, none of the potential predictors evalu-
ated did correlate with TLR during follow-up (Table 4).

DISCUSSION

This was a real world, single-center study on the treat-
ment of lower limb occlusive disease using the Lutonix
DCB. Outcomes were more favorable in patients with 1C
compared to CLI, as expected. However, this study also
found certain prognostic factors for major outcomes in pa-
tients treated with DCBs.

Regarding perioperative outcomes, DCB angioplasty
has shown promising results with minimal mortality and
morbidity in our cohort. This concurs with literature where
endovascular treatment in general has been associated with
lower morbidity in patients with femoropopliteal disease
compared to open surgery [11]. Hence, almost 80% of the
lesions treated in our cohort were located in the femoro-
popliteal segment. However, pooled evidence comparing
endovascular to open treatment for infrapopliteal disease or
comparing DCB angioplasty to surgery in general are lack-
ing.

Additionally, all-cause mortality and major amputation

rates during a mean follow-up of almost 2 years were satis-
fying in our cohort, reaching 10.7% and 8.1%, respectively.
In a recent study by Steiner et al. [12], combined major am-
putation and mortality rates reached 6.6% and 10.5% after
a follow-up period of only 6 and 12 months, respectively.
Moreover, the recent randomized trial LEVANT-2 has also
found equally low mortality and major amputation rates
within 12 months after treatment of femoropopliteal lesions
with Lutonix balloon compared to simple angioplasty [13].
However, primary patency with DCB was found to be supe-
rior to conventional angioplasty within a 12-month follow-
up in the former trial [13]. Finally, in a recent meta-analysis,
DCBs were found to have lower TLR rates compared to PTA
whereas the death risk was similar between the two methods
[14]. Although our TLR rate is almost half of the rate reported
in this meta-analysis, this could be justified as they reported
12-month rates and we report a mean 24-month results.

Pooled data have also been published comparing DCB
treatment to bare-metal and drug-eluting stents for femo-
ropopliteal disease. Katsanos et al. [15] have shown that
vascular restenosis and TLR are significantly lower after
DCB angioplasty compared to plain balloon angioplasty or
bare-metal stenting, concurring with our results, where TLR
was as low as 3.3% during follow-up. Additionally, DCBs
showed no difference compared to drug-eluting stenting in
the same review, as far as restenosis and TLR are concerned
[16].

In the present study, we have evaluated potential predic-
tors both for death and amputation during follow-up. Major
predictors for death included CAD as well as the presence
of gangrene or infrapopliteal disease, whereas CLI and gan-
grene were found to be associated with a higher amputa-
tion risk. Although large multicentre studies evaluating the
Lutonix DCB for femoropopliteal disease have not evaluated
potential risk predictors for adverse events, several smaller
studies have found certain predictors for future restenosis
and TLR [13,16]. Jang et al. [17] have found that major tis-

Table 3. Outcomes for all patients, claudicants and CLI patients during follow-up

Outcome Total (n=149) Claudicants (n=86) CLI (n=63) P-value
All-cause mortality 16 4 12 0.007
All amputation 28 0 28 0.0001
Major amputation 12 0 12 0.0001
Minor amputation 16 0 16 0.0001
Clinical improvement 99 68 31 0.0002
Wound/ulcer healing 27 0 27 0.0001
TLR 5 3 2 0.990
Hematomaj/bleeding 5 2 3 0.990
Restenosis/re-occlusion 12 6 6 0.990

CLI, critical limb ischemia; TLR, target lesion revascularization.
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sue loss (Rutherford class 6) and long length of lesion are
associated with future restenosis although no association
was found with TLR. Additionally, Schmidt et al. [18] have
found that heavy calcification of lesion and obesity are
both predictors for primary patency and TLR. However, no
major predictors for TLR were observed in our cohort.
Regarding BTK disease, 25.5% of our patients were
treated for infrapopliteal lesions, with infrapopliteal disease
being independently associated with mortality. However, in
other cohort studies, BTK disease was strongly associated
with limb loss after endovascular-first approach for patients
with CLI [19]. Moreover, Vierthaler et al. [20] have tried to
evaluate in a large study of 1,244 patients to identify po-
tential predictors of amputation after endovascular treat-
ment for CLI and they did not find any association with
the level of occlusive disease, concurring with our results.
Furthermore, randomized trials have compared DCBs with
plain balloon angioplasty for infrapopliteal lesions, as far
as early and midterm outcomes are concerned. Concerning
30-day safety outcomes (cardiovascular events, amputa-
tions and TLR) as well as 6-month outcomes (patency loss
and major amputations), DCB treatment did not show any
difference with PTA in these trials [21]. Moreover, pooled
data on infrapopliteal disease indicates that DCB treatment
shows a similar one-year benefit with PTA as well [22]. Fi-
nally, pooled data also reveals similar clinical outcomes and
angiographic efficacy during one-year follow-up after DCB
treatment compared to drug-eluting stenting [23].
Moreover, CLI patients showed higher mortality and am-
putation rates as well as a lower clinical improvement rate
during follow-up, as expected. This concurs with literature
data showing that patients with CLI is associated with up to
a 40% amputation rate at 6 months and 20%-25% mortal-
ity rate at one year after presentation [24,25]. This could

be justified as CLI seems to be a systemic inflammatory
condition associated with increased levels of circulating
cytokines that may explain the worse prognosis [26]. Ad-
ditionally, other authors have compared outcomes between
these two patient groups and have reported controversial
results. Todoran et al. [27] have found a higher mortality
rate in CLI patients with femoropopliteal lesions compared
to claudicants, although patency rates were similar between
the two groups during follow-up. Conversely, Trocciola et
al. [28] have found significantly lower patency rates in CLI
patients compared to claudicants within one year of follow-
up. However, most of comparative studies refer to patients
treated with plain angioplasty, and comparative data on
patients treated with DCBs are limited.

Limitations of this study include the small number of
patients, and especially the low number of cases with infr-
apopliteal lesions. However, statistically significant associa-
tions were established. Second, the retrospective design
of the study and the reliance on patient records are also
major limitations. Third, the follow-up period is longer than
one year but shorter than in some randomized trials. Ad-
ditionally, single-institution series are often biased towards
particular patient demographics and practice patterns, but
these data represent the real-world application of DCBs.
Finally, angiography was not routinely performed during
follow-up, but only when a re-operation was necessary.

In conclusion, treatment with Lutonix DCB shows prom-
ising early and midterm results in patients with symptom-
atic PAD. Patients with CLI have clearly worse outcomes
compared to patients with 1C during follow-up, as ex-
pected. CAD, gangrene, CLI and infrapopliteal lesions seem
to be independently associated with adverse outcomes, and
therefore a closer observation is needed for such patients.
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