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Abstract

Objectives: In this study, we aimed to evaluate the one-year follow-up findings of endovascular treatment with drug-covered bal-
loon in patients with femoropopliteal artery disease (FAD).
Patients and Methods: From June 2012 to March 2015, 43 patients were enrolled in the study. Fifteen patients, 16 limbs and 19
lesions were treated with percutaneous transluminal angioplasty (PTA). Twenty-eight patients, 31 limbs and 36 lesions were treated
with drug-coated balloon (DCB). At 12 months, all patients were examined with magnetic resonance angiography.
Results: Primary patency was seen in 47.4% of the treated lesions in the PTA group and 80.5% in the DCB group. There was statistically
significant difference in primary patency between the groups (P = 0.011). Clinical improvement was seen in 56.3% of the treated limbs
in the PTA group and 83.9% in the DCB group. There was no statistically significant difference in clinical improvement between the
two groups (P = 0.075).
Conclusion: DCB with low restenosis rate can be used safely for endovascular treatment in patients with FAD as an alternative of
standard balloon and stent.
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1. Background

Percutaneous transluminal angioplasty (PTA) has been
considered as the standard treatment of atherosclerotic le-
sions in the superficial femoral and proximal popliteal ar-
teries (1). PTA has a high initial success rate, but resteno-
sis occurs in up to 60% of cases at long-term follow-up
(2). The high restenosis rates are regarded as an impor-
tant issue that reduces the effectiveness of endovascular
treatment in patients with femoropopliteal artery disease
(FAD). The vessel wall injury after angioplasty causes the re-
lease of adhesion molecules of the platelets. The expres-
sion and release of adhesion molecules by platelets leads
to the inflammatory process by pulling peripheral circu-
lating leukocytes to the damaged area (3, 4). Smooth mus-
cle cell proliferation and migration from media to intima
occurs during vascular development in response to vascu-
lar injury that emerged after angioplasty or vascular stent
implantation. Extracellular molecules including small bio-
genic amines, peptide growth factors, cytokines, and extra-
cellular matrix components modulate migration and pro-
liferation of smooth muscle cell that lead to neo-intimal

hyperplasia. Infiltration and activation of monocytes in
the arterial wall causes negative remodeling, which is de-
scribed as a process of local contraction of the arterial
wall and narrowing of the lumen at the injured vascular
segment. Adventitial inflammatory responses and subse-
quent constrictive fibrosis have been proposed to be the
major cause of constrictive negative remodeling after ves-
sel wall injury. The neo-intimal hyperplasia and nega-
tive remodeling are considered to be the major causes of
restenosis (3, 4).

The alternative treatment methods such as drug-
eluting stents, atherectomy, laser angioplasty, endovascu-
lar brachytherapy, and drug-coated balloon (DCB) have
been developed to reduce the restenosis rate by decreasing
both neo-intimal hyperplasia and negative remodeling. In
the treatment of femoropopliteal artery occlusive disease,
it is known that PTA with stent placement has lower long-
term restenosis rates than PTA alone (5). Furthermore, the
mobility and length of the location of FAD facilitate the de-
velopment of long stent fractures, restenosis and throm-
bosis after stent implantation. The most important advan-
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tages of DCB versus stents for the treatment of FAD are
tied to having more homogeneous and anti-proliferative
drug in high doses required per square millimeter, and no
foreign substances that might trigger inflammatory pro-
cesses (6, 7).

In many studies, promising reduced restenosis rates
in patients with coronary artery disease who were treated
with DCB have been reported (8, 9). Despite the improved
restenosis rates reported in some trials with DCB versus
PTA for the treatment of FAD, there is debate regarding the
advantages of clinical outcomes of these techniques (10-
15).

2. Objectives

In this study, we aimed to evaluate the one-year follow-
up findings of endovascular treatment with DCB in pa-
tients with FAD leading to critical limb ischemia and severe
claudication.

3. Patients and Methods

From June 2012 through March 2015, all consecu-
tive adult patients with critical limb ischemia (CLI) or
severe claudication (Rutherford class 3 to 5) related to
femoropopliteal disease were revised for enrolment. Inclu-
sion criteria were atherosclerotic disease involving the su-
perficial femoral artery and/or the popliteal artery, CLI or
severe claudication, endovascular treatment and at least
1-year follow-up. Exclusion criteria were stent placement
and less than 1-year follow-up. In total, 56 patients were
identified. Thirteen patients were excluded because of
stent placement for a residual stenosis of higher than 30%
or a flow-limiting dissection despite prolonged dilation. Fi-
nally, 43 patients were included in the study. In these pa-
tients, 15 patients, 16 limbs and 19 lesions were treated with
PTA for all procedures. Also, 28 patients, 31 limbs and 36 le-
sions were treated with DCB for all procedures.

This retrospective single-center study was approved by
the institutional ethics committee. All individuals pro-
vided written informed consent to participate in the study,
and the study was performed without any industrial finan-
cial support. The clinical data of all patients treated in our
department had been prospectively recorded since 2012,
and the patients were identified by a computerized search
of this database and the medical records of our hospital.
Until September 2013, all consecutive patients with periph-
eral arterial disease (PAD) were treated with standard bal-
loon PTA. After this date, DCB was used for treatment of
PAD.

3.1. Patient Preparation and Procedure

All patients were taking aspirin 100 mg daily. An-
tiplatelet therapy was not interrupted during the inter-
vention. Post-intervention 100 mg aspirin was given daily
thereafter. In diabetic patients receiving metformin treat-
ment, even those who had a glomerular filtration rate
(GFR) of ≥ 60 mL/min/1.73 m2, to avoid lactic acidosis, met-
formin treatment was stopped 48 hours before the inter-
vention and started 48 h after the intervention only if renal
function was normal (16).

The interventions were performed under local anes-
thesia using Lidocaine 1%. The site and direction of the
arterial access (ante-grade ipsilateral or retro-grade con-
tralateral) were chosen depending on the inflow status.
In patients, even those who were obese without the in-
flow lesion on iliac, common femoral and proximal super-
ficial femoral arteries, ultrasonography (USG)-guided ante-
grade ipsilateral access was preferred. For ante-grade and
retrograde approach, 6F introducer and 6F 45 cm guiding
sheath (destination peripheral guide case, terumo corpo-
ration, Tokyo, Japan) were placed respectively. After sheath
insertion, 5000 IU heparin was administered. Lesions
were crossed with 0.035-inch wire (glidewire advantage
guidewire, terumo corporation, Tokyo, Japan) and 4F hy-
drophilic catheter (glidecath hydrophilic coated catheter,
terumo corporation, Tokyo, Japan) or a total occlusion
catheter (navicross support catheter, terumo corporation,
Tokyo, Japan). Standard techniques were used for DCB (Lu-
minor 35 Paclitaxel-eluting peripherial dilatation balloon
catheters, IVascular S.L.U, Barcelona, Spain) (Figures 1 and
2). DCB is coated with paclitaxel (3 mg/mm2 balloon sur-
face) in a crystalline structure, which is incorporated in a
carrier matrix of water-reduced ester. Drug/excipient ra-
tio is 80/20. DCB has a proprietary transfertech coating
technology that is engineered to improve clinical efficacy
by optimizing coating properties. In an animal study, this
DCB platform had promising results compared to conven-
tional balloon with significantly reduced in-stent resteno-
sis (17). Inflation time was at least 3 minutes for both
groups. In the event of flow-limiting dissection or residual
stenosis (> 30%), a prolonged dilation of at least 3 minutes
was performed (Figure 3). The stents were placed owing to
either significant residual stenosis or flow-limiting dissec-
tion after prolonged dilation.

3.2. Follow Up

After intervention, the patients were seen in the first
week and every three months in our outpatient clinic. All
patients were also followed up in a multidisciplinary out-
patient diabetes clinic to regulate blood glucose and fa-
cilitate the wound healing process. A single operator us-
ing doppler ultrasonography (DUS) examined the patients
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Figure 1. Angiogram of a 57-year-old male patient showing critical stenosis of the left superficial femoral artery (A). Result of drug-coated balloon (DCB) angioplasty show-
ing a satisfactory angiographic result at the end of the procedure (B and C). On magnetic resonance angiography (MRA), primary patency confirmed up to 12 months after
angioplasty (D).

who had not undergone a major amputation at 3 and 6
months visits. Peak systolic velocity (PSV) in the target ves-
sel was determined and compared with that in the preced-
ing normal segment. A focal increase of at least 140% in

the PSV (corresponding to a peak velocity ratio of > 2.4)
was considered indicative of binary stenosis (≥ 50% re-
stenosis) (18). At 12 months visit, all patients were exam-
ined with magnetic resonance angiography. In the event of
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Figure 2. Angiogram of a 58-year-old male patient showing critical stenosis of the right superficial femoral artery (A). Result of drug-coated balloon (DCB) angioplasty showing
a satisfactory angiographic result at the end of the procedure (B and C). In the sixteenth month after the procedure, primary patency is confirmed on magnetic resonance
angiography (MRA) (D).

recurrence of clinical CLI, angiography and repeated revas-
cularization were performed within 1 week and these pa-
tients were accepted as clinical deterioration.

3.3. Definitions

Primary patency was defined as absence of target le-
sion revascularization (TLR) and binary restenosis (BS)
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Figure 3. Angiogram of a 43-year-old male patient showing total occlusion of the left superficial femoral artery (A). Result of DCB angioplasty showing a flow-limiting dissection
at the end of the procedure (B and C). After prolonged dilation (C), a satisfactory angiographic result is seen (D and E). In the second month after the procedure, angiography
was performed due to clinical worsening. It shows total occlusion of target lesion (F).

assessed by DUS and magnetic resonance angiography
(MRA). Major amputation is defined as amputation above
the ankle. Binary stenosis is defined as recurrence of≥ 50%
diameter stenosis within ± 5 mm proximal and/or distal

to the target lesion as measured by DUS or angiography.
TLR is defined as a re-intervention performed for≥ 50% di-
ameter stenosis of target lesion that confirmed by angiog-
raphy after an increase in size of a pre-existing wound(s)
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and/or occurrence of a new wound(s), and/or deterioration
in Rutherford class.

Clinical improvement was defined as decreases of at
least 1 Rutherford classes after intervention. Major ampu-
tations, no change or an increase in the Rutherford classi-
fication were considered as clinical deterioration.

3.4. Statistical Analysis

Statistical analyses were performed using SPSS soft-
ware (ver. 19.0 for Windows; SPSS Inc., Chicago, IL, USA). De-
scriptive statistics of continuous variables are given with
mean and standard deviation or with median, minimum
and maximum values; qualitative variables are given with
frequency and percent. Shapiro Wilk test was used for test
of normality. Independent samples t test was used for two
group comparisons of normal distributed variables. For
non-normal distributed variables Mann Whitney U test for
two-group and Kruskal Wallis test were used for three and
above (3+) group comparisons. Yates corrected and Fisher
exact Chi-Square tests were used for two group compar-
isons of binary variables. Kaplan-Meier curves (log-rank
test) were used to compare clinical improvement and pri-
mary patency between the two study groups. All statistical
comparisons with a p value below 0.05 were assumed as
statistically significant.

4. Results

Baseline characteristics of patients are described in Ta-
ble 1. There was no statistically significant difference be-
tween groups in terms of age, gender, characteristics of le-
sions, and risk factors (P > 0.05).

4.1. Clinical Outcomes

Clinical and imaging results of 12 months follow-up are
given in Table 2. Major amputation was not performed dur-
ing the follow-up period. Clinical improvement was seen
in 56.3% of the treated limbs in the PTA group and in 83.9%
in the DCB group. There was no statistically significant dif-
ference in clinical improvement between the two groups
(P = 0.075). Freedom from clinical deterioration through 12
months was higher in the DCB group versus the PTA group
(log-rank P = 0.027) (Figure 4).

4.2. Radiological Outcomes

Primary patency was seen in 47.4% of the treated le-
sions in the PTA group and 80.5% in the DCB group. There
was statistically significant difference in primary patency
between the groups (P = 0.011). Freedom from BS and TLR
through 12 months was higher in DCB group versus PTA
group (log-rank P = 0.009 and 0.041, respectively) (Figure
5).
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Figure 4. Kaplan-Meier estimations of clinical improvement after procedure (Log-
Rank P = 0.027)

5. Discussion

In agreement with previous reports, the results of this
single center retrospective study indicate that DCB had a
higher primary patency rate than PTA (2, 10-13, 15). How-
ever, there was no statistically significant superiority of
DCB over PTA regarding clinical improvements. There is
also a debate regarding whether DCB or PTA is more im-
pressive in clinical improvement.

In femoral paclitaxel (FemPac) trial, Werk et al. re-
ported that DCB had less binary restenosis, target lesion
revascularization, and better clinical results at the first
6 months after the procedure (10). At the same time,
this study stated that DCB did not have any advantage at
24-months follow-up regarding primary patency, binary
restenosis, and clinical improvement. In THUNDER trial
concomitantly performed with FemPAC, DCB had a signifi-
cant superiority to PTA regarding late lumen loss, and tar-
get lesion revascularization at 6 months; however, there
was no significant difference between the groups in clin-
ical improvement (11). PACIFIER, DEBELLUM, and LEVANT 1
trials have similar results to the previous studies (12-14).

In the IN.PACT DEEP randomized trial by Zeller et al.,
no significant difference was found between DCB and PTA
at 12-month follow-up regarding death, major amputation
or clinically driven TLR. Moreover, primary safety results
that were the composite of all-cause death, major ampu-
tation, and clinical driven-TLR through six months were
17.7% in DCB and 15.8% in PTA. In the IN.PACT DEEP trail, pri-
mary and secondary efficacy results at 12-month follow-up
showed no differences and in binary restenosis, the rates
were 41.0% in DCB and 35.5% in PTA.
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Table 1. Patients’ Baseline Characteristicsa

DCB PTA P Value

Patients, n 28 15

Age, year (mean±SD) 60.04 ± 7.23 56.6 ± 5.69 0.119

Male, n (%) 23 (82.1) 11 (73.3) 0.696

Smoking, n (%) 19 (67.9) 9 (60.0) 0.606

Diabetes, n (%) 21 (75) 9 (60.0) 0.324

CAD 18 (64.3) 8 (53.3) 0.484

Limbs, n 31 16

Rutherford class, n (%) 0.260

3 14 (45.2) 10 (62.5)

4 13 (41.9) 6 (37.5)

5 4 (12.9) -

Lesion treatment, 36 19 1.0

SFA, n (%) 31 (86.1) 16 (84.2)

PA, n (%) 5 (13.9) 3 (15.8)

Lesion length (cm) (mean±SD) 5.08 ± 1.46 4.84 ± 1.26 0.594

Total occlusions, n (%) 3 (9.7) 2 (12.5) 1.0

Length (cm) (mean±SD) 5 ± 1 5 ± 0 1.0

Abbreviations: CAD, Coronary arterial disease; DCB, Drug-coated balloon; PA, Popliteal artery; PTA, Percutaneous transluminal angioplasty; SFA, Superficial femoral artery.
aPTA and DCB groups were compared for Rutherford class (class 4 + 5).

Table 2. Clinical and Radiological Outcomes at 12 Monthsa

DCB PTA P Value

Limbs, n 31 16

Rutherford class, n (%)

Clinical improvement 26 (83.9) 9 (56.3) 0.075

Clinical deterioration 5 (16.1) 7 (43.8)

Lesions, n 36 19

BS, n(%) 2 (5.6) 3 (15.8) 0.011

TLR, n(%) 5 (13.9) 7 (36.8)

Abbreviations: BS, Binary stenosis; DCB, Drug-coated balloon; PTA, Percutaneous transluminal angioplasty; TLR, Target lesion revascularization.
aPTA and DCB groups were compared for vessel patency (BS + TLR).

In a comparative study of 476 patients with CLI (LEV-
ANT 2), Rosenfield et al. reported significantly lower 12-
month restenosis rates of 52% versus 65.2% in DCB com-
pared to PTA. However, any significant difference between
DCB and PTA regarding major amputation, or TLR has not
been found despite lower restenosis rate for DCB (2). In this
trial, only the improvement in the score for the walking-
distance component of the Walking Impairment Question-
naire reported as a significant difference among groups.
In the IN.PACT SFA randomized trial with 331 patients, both

primary patency and TLR has been reported between DCB
and PTA at 12-month follow-up (15). Tepe et al. also found
a significantly higher primary sustained clinical improve-
ment in DCB in comparison with PTA.

Paclitaxel is the most often used anti-proliferative
agent that halts the cell cycle in the mitotic phase.
Lipophilic property of paclitaxel facilitates tissue uptake
and prevents the washing of the drug from the vessel’s ad-
ventitia. This feature provides a prolonged antiprolifera-
tive effect. Low dose (3 mg / mm2) paclitaxel with one appli-
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Figure 5. Kaplan-Meier estimations of freedom from binary restenosis (BS) and target lesion revascularization (TLR) (Log-Rank P = 0.009 and P = 0.041 Respectively).

cation inhibits smooth muscle proliferation in the vessel
wall (17). There are several factors that affect the effective-
ness of paclitaxel on the vascular wall such as the carrier
used on the balloon, characteristics of the lesion, and dia-
betes mellitus (DM). Carriers are substances that are used
to keep the drug on the surface of the balloon and to de-
liver it in a controlled way to the vascular wall. Carriers,
mostly hydrophilic structures, try to minimize the loss of
the hydrophobic paclitaxel microparticles in the systemic
circulation (19). The inflation time is as important as the ef-
ficacy of the carrier to reach therapeutic levels of paclitaxel
in the target lesion (20).

SFA lesions are usually presented with heavy calcifica-
tion and total occlusion. The heavy calcification on the
target lesion may reduce drug delivery to the vessel wall
via DCB (7). Sub-intimal angioplasty in total occlusion and
long lesions also reduces the effectiveness of DCB.

We believe that the most important factor affecting
clinical results and TLR is DM. Alterations in DM affect both
multiple cell types within the vascular wall and platelet
aggregation (21). Diabetic patients have elevated levels
of C-reactive protein and generalized endothelial dysfunc-
tion. DM also stimulates atherogenic pathways in vascu-
lar smooth muscle cells. So, diabetic patients have more
extensive and diffuse atherosclerotic lesion. Additionally,
atheroma plaques in diabetic patients have fewer smooth
muscle cells than non-diabetic patients (22). This might be
an important handicap of paclitaxel coated balloon in dia-
betic patients.

Our study has a number of limitations. The first limi-
tation is that we enrolled a small number of patients from
a single center, which could lead to selection bias. In or-

der to minimize this selection bias, we tried to include all
patients who met the inclusion criteria. As most trials had
included severe claudicates in their populations, we also
included these patients. We had few patients in the classi-
fication Rutherford 5 and 6.

In Conclusion DCB with a low restenosis rate can be
used safely for the endovascular treatment in FAD as an al-
ternative of standard balloon. There is a need for studies
to evaluate the effectiveness of DCB along with extended
inflation durations. For now, DCBs add cost to the basic en-
dovascular procedure; as a result their added cost needs to
be justified.
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