
Cardiovascular Revascularization Medicine 19 (2018) 83–87

Contents lists available at ScienceDirect

Cardiovascular Revascularization Medicine
Drug-coated balloon angioplasty for the management of

recurring infrapopliteal disease in diabetic patients with
critical limb ischemia☆,☆☆
Luis M. Palena a,⁎, Larry J. Diaz-Sandoval b, Efren Gomez-Jaballera a, Olga Peypoch-Perez a, Enrico Sultato a,
Cesare Brigato a, Enrico Brocco c, Marco Manzi a

a Interventional Radiology Unit, Foot & Ankle Clinic, Policlinico Abano Terme, Abano Terme, PD, Italy
b Michigan State University, Endovascular & Vascular Medicine Fellowship, Metro Health Hospital, 5900 Byron Center, Wyoming, MI 49519, USA
c Diabetic Foot Clinic, Foot & Ankle Clinic, Policlinico Abano Terme, Abano Terme, PD, Italy

a b s t r a c ta r t i c l e i n f o
☆ Conflict of interest statement: Luis M. Palena, Larry J. D
have received consulting fees from Bard outside of the su
☆☆ Funding: No external funding was provided for this s

⁎ Corresponding author at: Interventional Radiolog
Policlinico Abano Terme, Piazza C. Colombo 1, 35031 Aban

E-mail address: LUISMARIANO.PALENA@CASACURA.IT

http://dx.doi.org/10.1016/j.carrev.2017.06.006
1553-8389/© 2017 Elsevier Inc. All rights reserved.
Article history:

Received 27 March 2017
Received in revised form 11 June 2017
Accepted 13 June 2017

Keywords:
Drug-coated balloon
Critical limb ischemia
Infrapopliteal arterial disease
Restenosis

Objective: To describe the 1-year outcomes of recurring infrapopliteal disease after endovascular revasculariza-
tion with the Lutonix drug-coated balloons (LDCB) in diabetic patients with critical limb ischemia (CLI), and to
benchmark our findings with previously published objective performance goals (OPG) addressing safety and
efficacy of new catheter-based therapies for CLI.
Methods: The present study was a retrospective, single-center, and single-arm trial of symptomatic diabetic
patients with CLI, who underwent LDCB-angioplasty for recurring infrapopliteal disease. Acute procedural and
technical success were recorded. TcPO2 metrics variations at baseline and follow up were analyzed. Freedom
from clinically driven target lesion revascularization (CD-TLR) was calculated using Kaplan-Meier analysis, and
outcomes compared with previously published OPG for infrapopliteal interventions.

Results: 21 patients (15 men; mean age 66,6 ± 11,2 years) were followed-up for 356.5 ± 159.2 days and 90.47%
had 12-months follow up data available for analysis. TcPO2 increased (14.3±11.6mmHg to 53.8±11.7mmHg;
p b 0.05). Limb salvage rate was 100%, and 90.4% of patients achieved the combined endpoint of reduction in
ulcer size/depth or complete healing. LDCB had superior efficacy (MALE + post-operative death, amputation
free survival, freedom from re-intervention, limb salvage and survival rates), while attaining superior or
equivalent safety (Major Adverse Limb Events, major adverse cardiovascular events and Amputation) endpoints
for the overall, modified clinical and anatomical high-risk groups.
Conclusions: Lutonix DCB is safe and effective for recurring infrapopliteal disease. It outperforms the OPG for CLI
patients with clinical and anatomical high-risk features.

© 2017 Elsevier Inc. All rights reserved.
1. Introduction

Critical limb ischemia (CLI) is defined as rest pain or tissue loss
secondary to arterial obstruction of at least two weeks duration. It rep-
resents the most severe manifestation of peripheral arterial disease
(PAD), and is the most common cause of non-traumatic amputation.
Revascularization is the mainstay of therapy for this cohort of patients,
providing relief of rest pain and/or improving and supporting wound
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healing [1]. Percutaneous endovascular interventions (mainly by
means of balloon angioplasty (PTA)) have become the therapeutic
modality of choice, as bypass surgery tends to be a high-risk option for
this group of patients, who typically also have high-risk clinical features
including advanced cardiovascular disease, uncontrolled diabetes, end-
stage renal disease, and lack of suitable venous conduits for bypass,
resulting in high morbidity and mortality rates [2]. Despite advances
in technologies and the availability of newer devices, PTA is still consid-
ered the “standard of care” for below-the-knee (BTK) endovascular
interventions in CLI patients, given the multi-level, and multi-vessel
distribution of the disease and the vast predominance of long total oc-
clusions, over stenotic lesions [2–4]. The use of coronary drug-eluting
stents (DES) has been limited in the infrapopliteal space, due to the
characteristic long lesion length and calcification typical of the tibial
vessels [5–7]. Up to this point, the use of drug-coated balloons (DCB)
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in the BTK vessels has remained controversial, with positive results in
single-center registries [8,9] but rather negative results in the onlymul-
ticenter, randomized controlled trial published to date [10].

The purpose of this paper is to report the one-year outcomes of a
single-center registry on the use of Lutonix DCB PTA for the treatment
of recurring BTK lesions in diabetic patients affected by CLI.

2. Methods

2.1. Study design

The present study was a retrospective, single-center, and single-arm
trial of symptomatic diabetic patients with CLI, who underwent target
lesion revascularization (TLR) of tibial and pedal arteries due to resteno-
sis or occlusion of previously treated arterial segments. Patients
underwent endovascular treatment with LDCB-angioplasty. The study
was performed using a prospectively collected database at our center,
and conducted in full compliance with the Declaration of Helsinki,
after being approvedby the local Institutional ReviewBoard. All patients
provided informed consent before the procedure

2.2. Patients

From August 2014 to August 2016, 1423 diabetic patients with CLI
(Rutherford 4–6), and severely abnormal transcutaneous Oxygen ten-
sion (TcPO2 ≤ 30 mm Hg), underwent endovascular therapy (EVT) in
our center. From the entire cohort of patients, we exclusively analyzed
the subgroup of patients who underwent treatment with DCB for TLR
of infrapopliteal & inframalleolar lesions. Patients who had undergone
treatment with a DCB in the target limb within 6 months of the index
procedure were excluded.

2.3. Lesions

Occlusions were defined as “de novo” if the lesion was previously
treated as a stenosis and presented as a new occlusion. All other lesions
were either restenotic, or re-occlusions. All images were obtained using
an Integris Allura 12 DSA system (Philips Medical Systems, Best, The
Netherlands). The target tibial or pedal vessel for the study therapy
(LDCB)was selected if it represented a N50% restenosis, fed the compro-
mised angiosome, or was felt to represent the best option to provide in-
direct perfusion to the target angiosome when a direct approach was
not feasible. Lesion length, percent stenosis and reference vessel diam-
eters were measured with the Philips Allura Software.

2.4. Transcutaneous oxygen tension measurements

TcPO2 was measured at baseline and 1month after the intervention.
All of the measurements were made at the dorsum of the foot, in the
peri-lesional site.

2.5. Intervention

All patients were pre-treated with aspirin (75 to 160 mg) and
clopidogrel (300 mg). Antegrade access was obtained in the common
femoral artery under ultrasound guidance (GE Logic E9® - 9MHz, linear
probe). A 6Fr, 11-cm introducer (Radifocus® -Terumo, Somerset NJ)
was advanced to perform EVT. Patients were anticoagulated with a sin-
gle 5000 I.U bolus of intra-arterial unfractionated heparin, according to
our institutional standard of care. The tibio-pedal occlusions were
crossed using an algorithm, which favored an endoluminal approach
as the first strategy. If this failed, a subintimal approach was utilized. A
combination of guide wires was utilized for successful crossing, includ-
ing 0.014 (Pilot 200; Command and Command ES) and 0.018 (V18)
platforms, with a supporting catheter (Berenstein 4 Fr). After crossing
was achieved, predilatation was performed with a balloon that was
0.5 mm smaller in diameter than the reference vessel diameter (mea-
sured at both ends of the target lesion in the healthy segment, and
which represented the intended diameter of the LDCB), at nominal
pressure for 1 min. Control angiography was performed in two orthog-
onal projections to assess for recoil and/or dissections and for final de-
termination of the precise diameter of the DCB. Once the recanalized
tract was properly prepared, LDCB therapy was delivered at nominal
pressure for 2 min (covering beyond the pre-dilated area in order to
avoid geographic miss and treating from “healthy-to-healthy” arterial
segments). When more than one DCB was used (due to lesion length),
the DCBs were inflated from distal to proximal, from “healthy to
healthy” segments, with one centimeter of overlap between DCB's
avoiding geographic miss. Study balloons were inflated only once. The
DCB used for this study was Lutonix (Bard Lutonix, New Hope, MN,
USA), a 0.014 over the wire (OTW) balloon coated with paclitaxel at a
concentration of 2 μg/mm2. The Lutonix balloons utilized in the study
were of 2.5 and 3 mms in diameter, and of different lengths, and were
utilized in diverse combinations to achieve adequate coverage of the le-
sions treated, reflecting standard practice. Atherectomy, focal force bal-
loons and drug eluting stents were not utilized in this study. After the
intervention, all enrolled patients received 100mg/day of aspirin indef-
initely and 75 mg/day clopidogrel for 3 months.
2.6. Endpoints and definitions

We registered demographic data, comorbidities and risk factors
(diabetes, dyslipidemia, hypertension, cerebrovascular disease, cor-
onary artery disease, chronic renal failure and dialysis), previous cor-
onary and infrainguinal endovascular interventions. At baseline,
TcPO2 was measured and the clinical condition of the foot was re-
corded and classified using the Rutherford classification. During fol-
low up, TcPO2 changes, clinical symptoms and wound assessment
were recorded.

Vascular lesions in tibial and pedal arteries were classified according
to the literature [3]. Stenoses were classified as Mild (b50%); Moderate
(50–69%); Severe (70–99%) and Chronic Total Occlusions (CTO: 100%).
Calcification was classified as Mild, Moderate, and Severe, depending
on its presence on one or both sides of the vessel and its length being
less or more than half of the lesion.

Lesion classification was performed by independent and blinded
visual evaluation of the angiograms by two of the authors who
were not involved in data collection or in the performance of the in-
tervention. They were also blinded to the use of the study balloon.
Lesion length and diameter were automatically measured using the
Philips Allura software. Acute technical success was defined as final
residual stenosis b30% after LDCB without flow limiting dissection.
Acute procedural success was defined as acute technical success
plus freedom from major adverse events within 72 h of the index
procedure.

Freedom from 5 target lesion revascularization (CD-TLR) was com-
pared with previously published objective performance goals for
infrapopliteal interventions (OPG) [11]. The safety outcomes were:
Major Adverse Limb Events (MALE), Major Adverse Cardiovascular
Events (MACE), and Major amputation.

The efficacy outcomes were 30 days rates of freedom from MALE
+ Perioperative death (POD), or any MALE; amputation-free survival
(AFS); limb salvage (LS); Survival; and the combined endpoint of re-
duction in ulcer size/depth or complete healing.

Patients were stratified into a modified Clinical High Risk (mCHR)
group (patients with tissue loss, previous cardiovascular events, dialysis
or previous contralateral major amputation); and the anatomical high
risk (AHR) group (patients with infra-popliteal disease). The safety
and efficacy endpoints of the overall Lutonix DCB cohort and the afore-
mentioned subgroups were compared with previously published and
accepted OPGs.



Table 2
Lesion and procedural characteristics.

Target lesion Patients N (%)

BTK vessels treated with DCB
Anterior tibial artery (ATA) 7 (33%)
Posterior tibial artery (PTA) 7 (33%)
Peroneal artery (PA) 1 (4,7%)
PTA + lateral plantar artery 3 (14,3%)
PA + lateral plantar artery 1 (4,7%)
Tibio-peroneal trunk + PA 1 (4,7%)
ATA + PA 1 (4,7%)

Type of lesions
CTO's (100%) 16 (76,1%)
Severe stenosis (70–99%) 4 (19%)
Moderate stenosis (50–69%) 1 (4,7%)
Mild stenosis (b50%) 0
Mean % of stenosis ± SD 94% ± 0,11

Lesion length (cm)
Focal (≤1 cm) 0
Short (N1 and b5 cm) 0
Intermediate (≥5 and b15 cm) 7 (33%)
Long (≥15 cm) 14 (67%)
Mean lesion length ± SD 24,5 ± 14,9
Range 9–45

Degree of calcification
Mild 5 (23,8%)
Moderate 12 (57,1%)
Severe 4 (19%)
No. Of DCB used, mean ± SD 2,2 ± 1,3
Total DCB length (mm), mean ± SD 252,1 ± 148,1
Mean DCB diameter (mm), mean ± SD 2,7 ± 0,25
Treated inflow lesions 6 (28,5%)

Anatomical high risk (infra-popliteal disease) 21 (100%)
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2.7. Statistical analysis

Continuous variables are reported as mean ± standard deviation
(SD). Categorical variables are reported as n (%). Freedom from CD-
TLR was calculated using Kaplan-Meier analysis. Changes in TcPO2

means was calculated using a two-tailed Student T test and Mann-
Whitney U test. The Kaplan-Meier analysis and Chi-square tests were
used to calculate and compare safety and efficacy, for the overall cohort
and for the modified clinical and anatomical high-risk subgroups. All
tests were two-sided, and the threshold for statistical significance was
set at p b 0.05 using SPSS 16.0 software (SPSS Inc, Chicago; IL, USA).

3. Results

21 patients (15men;mean age of 66.6±11.2 years) underwent EVT
for CLI and BTK TLR, by means of angioplasty with Lutonix DCB. So far,
the mean follow-up has been 356.5 ± 159.2 (range: 87–639) days,
and 90.4 % reached 12-months follow up (there were two deaths from
cardiovascular causes at 3 and 11 months). Baseline demographics,
risk factors, and clinical characteristics of the cohort were typical of pa-
tients with CLI (Table 1). Most patients (95.2%) were Rutherford class 5
and 6 and hadmoderate to severely calcified CTOs (76.1%). Mean lesion
length was 24,5 ± 14,9 (range 9–44) cm, with a mean DCB length of
25.2 ± 14.8 (range 12–45) cm. The mean number of DCBs used was
2.2 ± 1.3 (range 1–4), and the mean device diameter was 2.7 ±
0.25 mm per intervention. All patients underwent tibial-pedal revascu-
larization (therefore all belong in the AHR group), and 6 (28,5%)
underwent concomitant treatment of the femoro-popliteal axis during
the index procedure (Table 2). Freedom from CD-TLR rate was 83.8%,
by Kaplan-Meier analysis (Fig. 1). There were no major amputations.
14 patients underwent pre-planned minor amputations (3 trans-
metatarsal and 11 amputated toes) were recorded.

At 12-months follow-up, the combined endpoint of ulcer size/depth
reduction or complete healing was achieved in 19 patients (90.4%). Of
these, 18 patients (87.5%) experienced a shift in Rutherford class, as
there was one patient who experienced a significant decrease in the
size and depth of the ulcer, but did not achieve complete healing (and
Table 1
Demographics, comorbidities and risk factors.

Patients. 21

Gender
Male, N (%) 15 (71,4%)

Age
Mean 67
SD 11,7
Range 47–86

Comorbidities
Diabetes, N (%) 21 (100%)
Dyslipidemia, N (%) 12 (57,1%)
Hypertension, N (%) 18 (85,7%)
Cerebrovascular disease, N (%) 8 (38%)
Coronary artery disease, N (%) 12 (57,1%)
Chronic renal failure, N (%) 12 (57,1%)
Dialysis, N (%) 4 (19%)

Previous surgical revascularization 2 (9.5%%)
Popliteal-tibial bypass target limb 2 (9.5%)

Previous PTA
Target limb 19 (90,5%)
Rutherford class (baseline - target limb)
4 1 (4,76%)
5 6 (28,57%)
6 14 (66,66%)

Clinical high risk 10 (47,6%)

CVE: cardiovascular events.
PTA: percutaneous transluminal angioplasty.
therefore did not shift from Rutherford class). Among patients with
baseline Rutherford 6, all shifted to class 0. TcPO2 increased significantly
at the 1-month follow up, from 14.3 ± 11.6 mm Hg to 53.8 ±
11.7 mm Hg (p b 0.05)

3.1. Safety & efficacy end points

By Kaplan Meier analysis, the rates of the safety endpoints were:
MALE 0%, MACE 10% and Amputation 0% for the general cohort, and
both themCHR and AHR subgroups. The rates of the efficacy end points
were: freedom fromMALE+POD: 100%; AFS: 90%; Limb salvage: 100%;
and Survival: 90% for the general cohort and the AHR subgroup. Acute
technical and procedural success rateswere 100%. Clinical improvement
was obtained andmaintained in all patients with clinically documented
wound improvement and/or healing and shift in Rutherford class. How-
ever, 3 patients with Rutherford 6 at baseline, who shifted to Rutherford
5 after the intervention, were not able to completely heal or had ulcer
recurrence during the follow up. There were no procedural-related
deaths.

Finally, the results of the overall cohort, as well as of the mCHR and
AHR subgroups were compared with previously published OPGs
(Tables 3–5). Analysis of the general cohort and the mCHR subgroup
of patients treated with the Lutonix DCB, revealed statistically signifi-
cant superior efficacy than the OPGs, while showing a lower incidence
ofMALE, and similar rates ofMACE and Amputations (Tables 3, 4). Anal-
ysis of the AHR subgroup revealed superior efficacy of Lutonix DCB as
well as statistically significant improved safety, with less MALE, Ampu-
tations and equal incidence of MACE (Table 5).

4. Discussion

Improved patency rates after revascularization of tibial-pedal arter-
ies remains an elusive goal of EVT, which would lead to a reduction in
the rates of re-interventions, and to an increase in rates of complete



Fig. 1. Kaplan Meier estimate of freedom from clinically driven TLR. TLR: target lesion revascularization.
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ulcer healing and limb salvage. Lesion morphology remains the most
important predictor of long-term outcomes. Long occlusions and
calcified lesions constitute the most complex lesion subtypes and are
associated with high incidence of re-stenosis and re-treatment with
reported target vessel re-stenosis/re-occlusion rates ranging from 42%
to 52% at 1-year [12–14]. The first reported use of DCB for infrapopliteal
revascularization originated from a single-center, retrospective, self-
adjudicated 104-patient registry. Long (mean 17.6 cm) and complex
lesions were treated resulting in a 3-month angiographic restenosis
rate of 27.4% and a 12-month TLR rate of 17.3% [8]. Liistro et al., studied
132 patients with diabetes and CLI in a single-center, randomized, self-
adjudicated trial, comparing the use of IN.Pact Amphirion DCB to PTA.
Significantly lower 12-month restenosis (27% vs. 74% (p b 0.001)), and
occlusion (17% vs. 55% (p b 0.001)) rates were seen in favor of the
DCB. The investigators reported re-intervention rates of 18% vs. 43%
Table 3
Comparison of safety and efficacy between OPG and Lutonix DCB (overall cohort).

Outcome (OPG) LUTONIX cohort p Value

Safety
MALE 8% 0% 0,003
MACE 8% 10% 0,621
Amputation 3% 0% 0,08

Efficacy
MALE+POD 71% 100% 0,0005
AFS 71% 90% 0,0006
Limb salvage 84% 100% 0,0003
Survival 80% 90% 0,047
(p = 0.002) in patients with a mean lesion length of 13 cm and 80% of
chronic total occlusions [9]. This results in a rate of freedom from clini-
cally driven TLR of 82%, which is comparable with our results (83.8%),
despite our patients having a mean lesion length of 24.5 cm (nearly
double). The randomized, multicenter IN.Pact DEEP Study [10] reported
no statistically significant differences between DCB and PTA arms, with
higher amputation rates (8.8%) in the DCB arm vs. the PTA group (3.6%,
p = 0.08) at 12 months follow up. Given these negative results, the use
of DCB in the infrapopliteal space rapidly declined and the In.Pact
Amphirion balloon was pulled from the market. More recently, Micari
et al. [2] published a retrospective, self-adjudicated study of 55 CLI dia-
betic patients, treatedwith Lutonix DCB for long (212.3±88.1mm) and
occlusive (72.2%) infrapopliteal lesions, reporting a 21.8% rate of CD-
TLR.
Table 4
Comparison in safety and efficacy between OPG and Lutonix DCB (mCHR cohort).

OPG Lutonix DCB p Value

Safety
MALE 9% 0% 0.001
MACE 18% 10% 0,103
Amputation 4% 0% 0.007

Efficacy
MALE + POD 67% 100% 0.0003
AFS 68% 90% 0.0006
FRAAA 51% 85% 0.0004
Limb salvage 81% 100% 0.0002
Survival 80% 90% 0.0006



Table 5
Comparison in safety and efficacy between OPG and Lutonix DCB (AHR cohort).

OPG Lutonix DCB p Value

Safety
MALE 10% 0% 0.002
MACE 10% 10% 0
Amputation 7% 0% 0.04

Efficacy
MALE + POD 61% 100% 0.0003
AFS 53% 90% 0.0001
Limb salvage 80% 100% 0.0004
Survival 63% 90% 0.047
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We conducted a retrospective analysis of a single-center cohort of
diabetic patients with CLI, who were treated with Lutonix DCB for BTK
arterial disease. Patients were affected by long (24,5 ± 14,9 cm) total
occlusions (76%) of the tibial and pedal arteries. Our results showed a
significant clinical improvement as manifested by significant increases
in TcPO2, high rates of ulcer size/depth reduction or complete healing
(90.4%) and Rutherford class shift (87.5%). The freedom from CD-TLR
was 83.8% by Kaplan Meier analysis, and the limb salvage rate was
100%, despite 2/3 of the patients having Rutherford 6 at baseline. Our
freedom fromTLR is equivalent andour Rutherford class shift is superior
to those published in the latest report on the use of Lutonix DCB in
infrapopliteal arteries [15]. Our rate of pre-planned minor amputations
(66.7%) is equivalentwhile our limb salvage (100%) compares favorably
to previous reports [12]. Our study is to our knowledge, the first to uti-
lize previously published OPGs and definitions of the PARC consensus to
evaluate the performance of Lutonix DCB in infrapopliteal arteries of pa-
tientswith CLI. The risk-adjustedOPG's for catheter-based interventions
in CLI suggest a set of standardized measures designed to provide a
framework for determining appropriate entry of a candidate therapy
into the market, meeting the least burdensome criteria by which FDA
regulatesmedical devices. [11].We calculated and compared the results
in our cohort of patients with the suggested OPG's; with the clear limi-
tations that our data were retrospective. Our results showed that the
use of Lutonix DCB in BTK arteries matched and overcame the pre-
established safety and modified efficacy OPGs, for the overall cohort
and for the risk stratified subgroups. The efficacy of Lutonix DCB in the
overall cohort, and the mCHR subgroup showed statistically significant
superiority when compared to the OPGs, while showing a lower inci-
dence ofMALE, and similar rates ofMACE andAmputations. The efficacy
and safety of Lutonix DCB in the AHR subgroup revealed statistically sig-
nificant superiority with less MALE and Amputations than the OPGs,
with equal incidence of MACE.

4.1. Limitations of the study

Themajor limitationwas the retrospective, single center, and single-
arm design of the study. Other limitations were the small sample size,
single-center, single-arm, and self-adjudicated design without assess-
ment of quality of lifemetrics. It is also important to notice that our cen-
ter is specialized and dedicated to the multidisciplinary treatment of
diabetic patients with CLI, with established multidisciplinary protocols
and experienced operators, which may limit the generalizability of our
findings.
5. Conclusion

Lutonix DCB proved to be a safe and effective therapy, achieving and
overcoming the suggested OPG's for CLI patients with high clinical and
anatomical risk. Larger, prospective and controlled studies of Lutonix
DCB for infrapopliteal arterial disease in CLI patients, with longer
follow-up, cost-efficiency analysis, and assessment of quality of lifemet-
rics are warranted to determine the generalizability of these results.
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