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Clinical Investigation

Introduction

Symptomatic central vein stenosis (CVS) is a clinically rel-
evant complication in hemodialysis patients. Stenoses of 
central veins typically result in dysfunctional dialysis 
shunts, venous collaterals, edema, ipsilateral extremity ten-
derness, pain, and cellulitis.1,2 Further complications 
include shunt vein thrombosis and excessive bleeding after 
puncture for dialysis. CVS is commonly associated with 
central vein catheterization with an incidence of 25% to 
50%3,4 or insertion of pacemaker wires in up to 27%.5–7 The 
incidence of CVS without previous central vein catheteriza-
tion is about 1% to 10%.8,9 A typical mechanism for the 
development of CVS is intravasal trauma to the venous 
endothelium, which results in inflammation of the vessel 
wall. Microthrombus, intimal hyperplasia, and fibrotic 
alteration finally lead to CVS.10,11 The pathophysiological 
mechanism of CVS in dialysis shunts without a history of 
central vein catheterization is unclear. A higher venous 

blood flow and increased pressure after creation of a dialy-
sis fistula are considered the cause.8,9

Endovascular treatment with balloon angioplasty is gen-
erally accepted as the primary treatment for CVS.3,12 
However, restenosis is frequent. Restenotic lesions are 
characterized by a significant increase in fibroplastic prolif-
eration within the venous neointima and media as compared 
to primary stenotic lesions.13 Several experimental14,15 and 
clinical16–18 studies confirmed the hypothesis of vascular 
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Purpose: To report a retrospective observational analysis of standard balloon angioplasty (BA) vs. paclitaxel-coated 
balloon angioplasty (PCBA) for symptomatic central vein restenoses in patients with impaired native hemodialysis fistulas. 
Methods: A retrospective review was conducted of 27 consecutive patients (15 men; mean age 66±13.8 years, range 
39–90) with 32 central vein stenoses (CVS; 6 axillary, 11 subclavian, 12 brachiocephalic, and/or 3 superior caval veins) 
treated successfully using BA. Freedom from reintervention after BA of de novo lesions was 7.4±7.9 months (range 1–24). 
Twenty-five (92.6%) patients developed symptomatic restenoses and were treated one or more times by BA (n=32) or 
PCBA (n=20) using custom-made paclitaxel-coated balloons (diameter 6–14 mm). Results: Technical (<30% residual 
stenosis) and clinical (functional fistula) success rates for the initial and secondary angioplasty procedures were 100%. No 
minor/major procedure-associated complications occurred. Mean follow-up was 18.4±17.5 months. Kaplan-Meier analysis 
for freedom from target lesion revascularization (TLR) found PCBA superior to BA (p=0.029). Median freedom from TLR 
after BA was 5 months; after PCBA, >50% of patients were event-free during the observation period (mean freedom from 
TLR 10 months). Restenosis intervals were prolonged by PCBA (median 9 months) vs. BA (median 4 months; p=0.023). 
Conclusion: Paclitaxel-coated balloon angioplasty of central vein restenosis in patients with hemodialysis shunts yields a 
statistically significant longer freedom from TLR compared to standard balloon angioplasty.
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remodeling owing to adventitial angiogenesis and scar 
development. This is the theoretical background for appli-
cation of antiproliferative therapy at the time of balloon 
angioplasty within the venous system, as drug-coated bal-
loon angioplasty has been shown to lead to a significant 
reduction in restenosis in peripheral artery disease.19,20 
Venous smooth muscle cells (SMCs) are more sensitive to 
the effects of antiproliferative agents as compared with arte-
rial SMCs.21 Paclitaxel in the perivascular area of hemodi-
alysis grafts resulted in an effective inhibition of neointimal 
hyperplasia and prevention of restenosis in several animal 
models.22,23 A recent randomized controlled clinical trial 
favored paclitaxel-coated balloon angioplasty (PCBA) for 
stenoses of hemodialysis access.24

Based on these in vitro and clinical results, the purpose 
of this study was to retrospectively evaluate standard  
balloon angioplasty (BA) vs. PCBA for the treatment of 
recurrent symptomatic CVS in patients with hemodialysis 
fistulas.

Methods

Study Design and Patient Cohort

Between 2008 and 2014, 27 consecutive patients (15 men; 
mean age 66±13.8 years, range 39–90), all with diabetic 
end-stage renal disease, presented with considerable edem-
atous arm swelling and severely impaired native lower or 
upper arm hemodialysis fistulas inappropriate for dialysis. 
Catheter-directed venography depicted 32 de novo nonma-
lignant CVS (Figure 1) in the axillary (n=6), subclavian 
(n=11), brachiocephalic (n=12), and/or superior caval vein 
(n=3). Three patients had 2 venous stenoses and 1 patient 
had 3. Complete chronic occlusions were not detected. The 
interval between creation of the hemodialysis fistulas and 
development of the initial CVS was 39±49 months (range 
1–216).

After institutional review board approval and patient 
informed consent, all 27 patients underwent initial balloon 
angioplasty. Overall, 52 reinterventions were necessary in 
25 (92.6%) of the 27 patients due to clinically symptomatic 
restenosis and impaired hemodialysis fistula. Fifteen 
patients underwent 32 reinterventions using standard BA 
and 10 patients underwent 20 reinterventions using PCBA 
(Table 1). Selection of patients for BA or PCBA was at the 
operator’s discretion.

Standard Balloon Angioplasty

Angiography was performed after needle (22-G) puncture 
of the brachial artery to exclude relevant stenoses in the 
hemodialysis fistula, arteriovenous anastomosis, and drain-
ing shunt veins. CVS was verified by direct phlebography 
via the shunt vein, into which a standard 0.035-inch 

hydrophilic guidewire and 7-F sheath (10- or 25-cm long) 
were inserted. Five thousand units of unfractionated hepa-
rin were given through the sheath. Intraluminal crossing of 
the CVS was always achieved with the 0.035-inch guide-
wire and 4-F catheter.

Balloon size was determined according to the diameter 
of the adjacent normal vein and the length of the stenosis. In 
most cases, the balloon catheters were typically 40-mm 
long with diameters ranging from 6 to 12 mm. Inflation 
pressure was 14 atmospheres for 60 seconds. Additional 
dilation with larger balloons was performed if recoil with 
relevant residual stenosis occurred; inflation pressure was 
also 14 atmospheres for 60 seconds. Pretreatment with 
6-mm diameter cutting balloons (Boston Scientific, Natick, 
MA, USA) and posttreatment high-pressure balloon angio-
plasty (24 atm for 60 seconds) was also used as necessary 
for severe recalcitrant recoil. The diameter of the high-pres-
sure balloon was identical to the largest size of the primary 
balloon. Technical success was defined as residual stenosis 
<30%. Heparin therapy was maintained for 48 hours. 
Clinical success was defined as the ability to successfully 
use the fistula for dialysis after angioplasty.

Paclitaxel-Coated Balloon Angioplasty Treatment

As drug-coated balloon catheters of appropriate size (diam-
eter >7 to 14 mm) for central veins were not commercially 
available, all paclitaxel-coated balloons were custom-made 
using standard over-the-wire balloon catheters (Figure 2) 
coated with polymer-free microcrystalline paclitaxel at a 
concentration of 2 µg/mm2 (Elutax-SV; Aachen Resonance, 
Aachen, Germany).

The PCBA followed the same BA protocol for vascular 
access, heparin use, sizing of the paclitaxel-coated balloons, 
and adjuvant procedures for pretreatment and recoil. 
Balloon catheter length was 40 mm for the 6- to 10-mm 
diameter balloons and 20 mm for the 10-, 12-, and 14-mm 
diameter balloons. Inflation pressure was 14 atmospheres 
for 60 seconds, similar to the BA group.

Figure 1. (A) Unsubtracted and (B) digital subtraction 
phlebography via an antecubital vein reveals typical extensive 
venous collaterals along the chest wall because of high-grade 
stenosis of the left brachiocephalic vein.
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Statistical Analysis

Continuous data are presented as the means ± standard 
deviations; categorical data are given as the counts. The dif-
ferences between groups were evaluated using the unpaired 
t test; differences achieving p<0.05 were considered to be 
statistically significant. Freedom from target lesion revas-
cularization (TLR) was estimated using the Kaplan-Meier 
method; differences between groups were examined with 
the log-rank test. Statistical analysis was performed using 
the Prism software for MacOSX (version 6.0.4, Graphpad, 
La Jolla, CA, USA).

Results

Primary technical success (residual stenosis <30%) in the BA 
and PCBA groups was 100% (Figure 3). Additional dilation 
with larger balloons was performed in 10 BA patients and 8 
PCBA cases because of recoil with relevant residual stenosis. 
The mean diameters were 8±2 mm for the standard balloons 
and 10±2 mm (range 6–14) for the coated balloons. 
Pretreatment with cutting balloons and posttreatment  
high-pressure balloon angioplasty were necessary in 2 patients 
in each group. No minor or major procedure-associated 

complications were observed. There was no relevant bleeding, 
hematoma, superior vena cava thrombosis, or worsening of 
hemodialysis fistula function after BA or PCBA. Stent place-
ment was avoided in all patients. Function of the hemodialysis 
shunts normalized after intervention, which allowed appropri-
ate use for dialysis.

Four patients in the BA group experienced very early 
restenosis. One patient had 11 reinterventions within 
2.7±1.3 months, another patient had 4 reinterventions over 
7.8±2.2 months, and 2 patients had recurrences after 1 and 
2 months. Although PCBA was under evaluation, the supe-
rior results in the PCBA group finally led to crossover of 
these 4 patients to PCBA for ethical reasons. After cross-
over to PCBA, the intervention-free time interval markedly 
increased up to 21 months. One patient died after 6 months 
without the need for reintervention.

Over a mean follow-up of 18.4±17.5 months, 9 (33%) 
patients died after 7.2±5.9 months (median survival 6 
months, range 1–19); no death was related to the procedure. 
Failing hemodialysis fistula due to shunt occlusion after BA 
occurred in 4 patients after 4.0±3.1 months (range 1–9) and 
after PCBA in 1 patient after 3 months.

Table 1. Characteristics of Patients Treated for Central Vein Restenosis.a

Standard Balloon Angioplasty Paclitaxel-Coated Balloon Angioplasty

Patients 15 10
Age, y 66.8±15.0 (39–90) 64.5±11.2 (50–85)
Men 9 (56) 6 (60)
Diabetes mellitus 15 10
Native arteriovenous fistula 15 10
Dialysis access age, mo 26.9±22.9 (1–67) 50.9±62.8 (1–216)
Location left arm 10 7

aContinuous data are presented as the means ± standard deviations (range); categorical data are given as the counts (percentage).

Figure 2. Scanning electron microscopy cross-sectional image 
illustrating (A) special balloon folding and (B) the paclitaxel-
coated surface of Elutax SV completely covering the balloon. 
The drug itself is protected within the folds of the balloon.

Figure 3. Postinterventional venography after dilation with 
a 10×40-mm paclitaxel-coated balloon depicts a successful 
reduction in the central venous stenosis. Consequently, there 
is an obvious improvement in venous inflow and a considerable 
reduction of venous collaterals.
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Comparative Analysis

Kaplan-Meier analysis of freedom from TLR after first 
reinterventions revealed PCBA significantly superior to BA 
(p=0.025; Fig. 4A). The median freedom from TLR after 
BA was 5 months. For PCBA, 66.7% of patients were 
event-free during the observation period, resulting in a 
mean freedom from TLR of 10 months.

A crossover-design analysis in which each patient serves 
as his or her own control was completed to integrate addi-
tional data from recurrent restenosis. Additional statistical 
analysis of pooled data respecting all consecutive treat-
ments showed a median freedom from TLR after PCBA of 
12 months vs. 4 months after BA (p=0.006; Fig. 4B). Time 
to recurrent restenosis was also significantly prolonged by 
PCBA (mean 9.5±1.9 months in 4 patients) vs. BA (mean 
5±4.9 months in 5 patients, 1 early death). The median time 
interval to restenosis after PCBA was 9 months vs. 4 months 
after BA (p=0.021).

Discussion

Preservation of hemodialysis fistula function in patients 
with central vein occlusive disease is a relatively common 
problem. Unfortunately, all available interventional treat-
ment options result in poor midterm patency. As a conse-
quence, several reinterventions are often mandatory. 
Standard BA is so far the common first-line treatment of 
choice in CVS. Compared with standard balloons, pacli-
taxel-coated balloons in endovascular treatment of periph-
eral artery disease have demonstrated lower restenosis rates 
and superior clinical outcomes with prolonged time to rein-
tervention. However, due to a limited number of patients 
and variable designs of existing studies, definitive recom-
mendations for optimal treatment of CVS are lacking. 

Furthermore, the pathophysiology of atherosclerotic dis-
ease is different from the development of CVS. Nonetheless, 
looking at the histopathology, CVS has similarities to arte-
rial stenosis. In both, hyperproliferation of fibroblasts have 
been identified as part of the problem.10,12,13,21,22,24 
Neointimal hyperplasia is a local inflammatory process. 
Local wall delivery of the antiproliferative agent paclitaxel 
reduces neointimal hyperplasia by inhibition of SMC pro-
liferation and migration. Paclitaxel stabilizes the arrange-
ment of microtubules by binding β-tubulin dimers, 
inhibiting their depolymerization. The long-lasting disrup-
tion of normal microtubule function interferes with a num-
ber of cell properties, including division, motility, and 
shape. Low doses of paclitaxel cause cell-cycle arrest in the 
G1 phase without causing cellular apoptosis. The resulting 
cytostatic response with inhibition of SMC proliferation 
and migration represent the key processes for reduction of 
neointimal hyperplasia.25–27 Other studies demonstrated a 
varying technical success rate for standard balloon dilation 
of CVS between 70% and 90%. Unsatisfactory initial 
results and short-term restenosis are often observed.28 
Primary patency rates range from 23% to 55% and 12% to 
50% at 6 and 12 months, respectively. A high technical fail-
ure rate of 10% to 30% necessitates close surveillance with 
the need for multiple reinterventions.29–32

Bare metal or covered stents have been evaluated with 
differing results. While bare stents have high primary tech-
nical success rates of 82% to 100%, midterm results are as 
disappointing as they are with BA. Primary patency of self-
expanding bare stents range from 42% to 89% at 6 months 
and 14% to 73% at 12 months.32–34 Intimal hyperplasia, 
stent fracture, and migration due to (respiratory) motion and 
compression lead to early restenosis. Furthermore, bare 
stents may complicate further endovascular or surgical 
treatment.32–34

Figure 4. Kaplan-Meier plots demonstrate freedom from target lesion revascularization (TLR) after standard balloon angioplasty (BA) 
and paclitaxel-coated balloon angioplasty (PCBA) of central venous restenosis: (A) initial treatment and (B) pooled data in a crossover 
design of lesions treated.
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The use of covered stents should combine the advan-
tages of mechanical stability and lower in-stent restenosis 
caused by intima hyperplasia. The primary technical suc-
cess rate was 100%, but primary patency was only 32% to 
67% at 12 months, which makes stenting questionable in 
vessel segments exposed to high biomechanical stress.35–37

Recently, drug-coated balloon angioplasty was used for 
venous anastomotic stenosis of dialysis fistulas and syn-
thetic grafts. The use of the IN.PACT Amphirion paclitaxel-
coated balloon showed a statistically significant improvement 
in primary patency (70%) compared to BA (25%) after  
6 months (p<0.001).24 In failing dialysis fistulas caused  
by de novo or recurrent juxta-anastomotic stenoses, PCBA 
achieved a primary patency rate of 92% after 9 months.38

In our study, patients with symptomatic CVS initially 
underwent the well-accepted treatment of choice with BA. 
As mentioned above, the restenosis rate was high and the 
intervention-free time interval was relatively short. Even 
though BA of CVS is a fast and low-risk procedure, patients 
have to be hospitalized recurrently, and balloon angioplasty 
itself is uncomfortable and painful. To avoid the disadvan-
tages and complications related to stent implantation, we 
evaluated the use of PCBA in patients with symptomatic 
CVS. A technical prerequisite for successful treatment of 
CVS using PCBA is an appropriate sizing of the drug-
coated balloon catheters. Central veins are usually larger in 
diameter than coronary or peripheral arteries, for which 
several balloons of different sizes (diameter ≤7 mm) are 
commercially available. In most of our cases, the diameter 
of the central veins was too large for commercially avail-
able balloon catheters. Consequently, all the PCBA cathe-
ters needed to be especially produced, but there was no 
balloon rupture or disintegration of coating before applica-
tion. Notably, the treatment with a “double dose” of  
paclitaxel in 8 patients did not result in any vascular dam-
age, for example, but the patients are too few for subgroup 
analysis.

Short-term results of a randomized controlled trial of 
PCBA in the peripheral venous system showed PCBA supe-
rior to BA for the treatment of hemodialysis access steno-
ses.24 Similar to these results and those of drug-coated 
balloons in coronary and peripheral artery disease, our 
patients experienced significantly fewer restenoses of the 
central veins after PCBA. Furthermore, vessel patency was 
improved, which resulted in a prolonged freedom from 
TLR.

Limitations

The study was limited by its small cohort and single-cen-
ter observational retrospective design. Furthermore, the 
fact that all patients were diabetics may mean that our 
results are not reproducible in non-diabetic patients. 
However, the improved outcome supports the use of PCBA 

in the management on CVS, at least after inadequate  
primary BA of de novo lesions.

Conclusion

Paclitaxel-coated balloon angioplasty of central vein reste-
nosis yields a statistically significant longer freedom from 
TLR in patients with hemodialysis shunts. A randomized 
controlled trial for the use of PCBA as first-line strategy is 
justified.
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Abstract

Purpose To evaluate long-term primary and secondary

patency results of drug-eluting balloon angioplasty for the

treatment of juxta-anastomotic stenoses in distal radio-

cephalic arteriovenous fistulas.

Materials and Methods Thirty-eight patients with juxta-

anastomotic stenotic distal radiocephalic arteriovenous

fistulas who underwent endovascular treatment with drug-

eluting balloons between January 2014 and August 2016 in

our interventional radiology department were included in

this retrospective study. Color Doppler examination for

follow-up was performed 15 days, 6 months, 12 months,

18 months, 24 months, 36 months, and 48 months after the

procedure. Kaplan–Meier analysis was used to estimate

primary and secondary patency rates.

Results Totally, 42 angioplasty with drug-eluting balloons

was performed in 38 patients (20 men and 18 women;

mean age 66.42 ± 12.01). Technical and clinical success

rate was 100% (42/42). The mean follow-up period was

27.71 months ± 12.98 (range, 1–54 months). The esti-

mated primary patency rates at 6 months were 94.7% (95%

CI, 80.9%–99.0%), at 12 months were 81.2% (95% CI,

64.6%–91.4%), at 24 months were 60.7% (95% CI,

43.6%–75.7%), and at 48 months were 53.1% (95% CI,

36.5%–69.1%). The estimated secondary patency rates at

6 months were 97.3% (95% CI, 84.5%–99.8%), at

12 months were 86.5% (95% CI, 70.7%–94.8%), at

24 months were 69.0% (95% CI, 51.8%–82.4%), and at

48 months were 61.7% (95% CI, 44.6%–76.5%).

Conclusion Drug-eluting balloon angioplasty is a useful,

effective technique in dysfunctional radiocephalic fistulas

due to juxta-anastomotic stenoses. We demonstrated

remarkably high primary patency rates at 6, 12, 24, and

48 months.

Keywords Drug-eluting balloon � Percutaneous
transluminal angioplasty � Juxta-anastomotic stenosis

Introduction

End-stage renal disease (ESRD) is the final stage of chronic

kidney disease. It is predicted that the prevalence of ESRD

and the need for hemodialysis will grow in the future as the

average lifespan increases [1]. The Kidney Disease Out-

comes Quality Initiative (K/DOQI) guidelines advise

autologous arteriovenous fistula (AVF) for vascular access

[2]. Distal radiocephalic AVFs are the first option due to its

technical simplicity, lower complication, and higher

patency rates [3]. However, in spite of being superior to

other accesses, fistulas also have a limited time for

appropriate usage. Stenosis, which usually occurs in 3 cm

before and after the anastomosis, is the main reason for
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dysfunctional AVFs [4–6]. These types of stenoses are

regarded as juxta-anastomotic stenoses (JASs) [7].

Endovascular treatment in AVFs is recommended in

K/DOQI guidelines. Several reports have revealed the

efficacy of endovascular treatment in AVFs [6, 8–10], but

most of the studies have included all types of fistulas such

as radiocephalic, radioulnar, or brachial-basilic. Moreover,

long-term patency results after percutaneous transluminal

angioplasty (PTA) in the most preferred fistula type,

radiocephalic fistulas [3], are lacking. Over the past few

years, drug-eluting balloons (DEBs) have evolved and

taken part in stenotic AVF treatment by inhibiting neoin-

timal hyperplasia [11]. However, it is still needed to be

demonstrated how effective is the DEB angioplasty, which

has been proven as the primary treatment method [12], in

distal radiocephalic fistulas.

The aim of our study was to assess long-term patency

results of DEB angioplasty for the treatment of JASs in

distal radiocephalic AVFs.

Materials and Methods

Patients

Local ethics committee approval was obtained for this

retrospective study. Patients who underwent fistulography

and endovascular treatment in our department between

January 2014 and August 2016 were reviewed. Since we

wanted to elucidate long-term outcomes, patients with a

minimum follow-up of 2 years were selected for the pre-

sent study. The interventions performed before the year

2014 were not scanned for the lack of acceptable demo-

graphic and clinical data. The inclusion criteria were as

follows: autologous distal radiocephalic fistulas with JASs.

Arteriovenous grafts, patients without follow-up informa-

tion, and fistulas that had treated formerly in different

hospitals were the exclusion criteria. JASs were described

as stenoses occurred in 3 cm before and after the anasto-

mosis. After all, a total of 38 patients (20 men and 18

women; mean age 66.42 ± 12.01) with sufficient demo-

graphic, clinical, and radiologic follow-up data were

incorporated in the study.

Pretreatment Evaluation

Patients in the study were directed to our department with

AVF problems from dialysis units. The decrease of the

blood flow greater than 20% per month, observing total

access blood flow less than 300 mL/min were the condi-

tions that displayed AVF dysfunction. One operator with

15 years of experience performed all the color Doppler

examinations and operated all the endovascular treatments

(A.G.). Color Doppler examination was used to localize the

abnormality, estimate the degree of stenosis, evaluate the

outflow vein, figure out the treatment method, and deter-

mine the access site. Along with clinical problems, nar-

rowing greater than 50%, peak systolic velocity (PSV) ratio

greater than 2:1 compared to the 2-cm proximal from the

lesion, and PSV of C 500 cm/sec were considered abnor-

mal [13]. Further evaluation with fistulography was per-

formed in these patients.

Endovascular Treatment

A digital subtraction angiography device (Allura Xper

FD10, Philips Healthcare, the Netherlands) was used for

fistulography and endovascular procedures. Retrograde

outflow vein puncture was performed by ultrasound guid-

ance to minimize hematoma in all procedures. Inflow, fis-

tula, and outflow segments were assessed carefully before

the procedure. Blood pressure cuff was used to observe

arterial anastomosis better. Initially, we performed a fis-

tulography via 18G cannula. Fistulography images were

evaluated, and treatment decision was made by the same

experienced interventional radiologist who had performed

patients’ initial color Doppler examination.

A standard technique was used for the treatment of JASs

[14]. If we decided to do angioplasty after fistulography,

we placed the sheath using 0.035-inch guidewire through

the 18G cannula under local anesthesia. Heparin (5000 IU)

was administered intravenously after vascular sheath

placement in all cases. Juxta-anastomotic target lesion was

passed by manipulation of a 0.035-inch hydrophilic

guidewire and a 4F multipurpose vertebral catheter. After

advancing the catheter to the arterial side, hand injection

was performed for the final decision of balloon size. Then,

0.035- or 0.018-inch guidewire was advanced, and the

catheter was removed. After predilatation with plain bal-

loons, DEBs were advanced via guidewire to the lesion.

Types of DEBs we used were Elutax SV OTW, ab medica,

Dusseldorf, Germany (in 12 procedures), and IN.PACT

Admiral Drug-coated balloon, Medtronic, California, USA

(in 30 procedures). After the termination of the stenosis,

the balloon was held on inflated for 2 min to prevent the

elastic recoiling. For refractory lesions, cutting balloons

were used. When successful appearance was gained, the

procedure was terminated with control of central veins.

After sheath removal, hemostasis was gained by manual

compression.

Clinical Outcome and Follow-Up

Technical success, clinical success, primary patency, sec-

ondary patency, and minor and major complication rates

were considered during clinical outcome analysis.
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Technical success was described as the increase in the

‘‘thrill’’ and residual stenosis lower than 30% in both

angiographic images and color Doppler examination. The

operator performed color Doppler examination and thrill

assessment before and after the procedure. During the

procedure, the operator evaluated the angiographic images.

However, all angiographic images were reviewed retro-

spectively by 6-year (O.S.) and 5-year (A.P.) experienced

radiologists. The radiologists were unaware of the patients’

diagnosis and operation findings. The two radiologists

assessed the pre- and post-dilatation images and recorded

the residual stenoses of C 30% if any. Clinical success was

defined as the access of the fistula without any problem

during dialysis. Total access blood flow of[ 300 mL/min

was a supportive criterion of the clinical success. Clinical

success was evaluated by dialysis unit nephrologists. In the

first dialysis session after the procedure, feedback was

received via phone call.

Primary patency and secondary patency rates were

evaluated based on the instructions of Society of Inter-

ventional Radiology Technology Assessment Committee

[15]. Primary patency was defined as the time between the

first intervention until access thrombosis and repeated

endovascular treatment. The interval after the first inter-

vention until the fistula is surgically revised or abandoned

was regarded as secondary patency.

Color Doppler examination for follow-up was per-

formed 15 days, 6 months, 12 months, 18 months,

24 months, 36 months, and 48 months after the procedure

by an 8-year experienced radiologist (O.A). If a problem

was detected by nephrologist, or dialysis unit nurse,

patients were directly referred without waiting for the

follow-up date. Color Doppler examinations, repeated

angiography images, and records of dialysis units were

inspected for follow-up data. Follow-up ended in August

2018. Complications were graded according to the CIRSE

classification [16].

Statistical Analysis

Statistical analysis was performed by using the Statistical

Package for the Social Sciences (SPSS) version 22.0 (SPSS

Inc., Chicago, IL, USA). Kaplan–Meier survival analysis

was used to estimate primary and secondary patency rates

after intervention. Stated patency rate intervals in this study

were 95% confidence intervals (CIs). Renal transplantation,

exitus because of an independent cause from renal disease

with functional AVF, and loss to follow-up were regarded

as censored data.

Results

Characteristics of AVFs and patients’ demographic data

are demonstrated in Table 1. Forty-two PTA with DEBs

was performed in 38 patients. The mean size of the bal-

loons was 5.55 mm ± 0.67. Cutting balloon was used in

one procedure due to refractory stenosis after DEB.

Our technical and clinical success rate was 100% (42/

42). Grade 1 complications were experienced in 4 cases.

Hematomas at the puncture site that did not affect blood

flow were reported after two interventions (2/42, %4.76).

Contrast extravasation was observed in two procedures and

was managed with balloon inflation (2/42, %4.76).

The mean follow-up period in this study was

27.71 months ± 12.98 (range, 1–54 months). Eight

patients died of an unrelated cause from renal disease with

functional fistula during the follow-up period.

At the sixth month, one patient underwent surgical

creation of a new fistula; one patient needed reintervention

due to stenosis of the same location; one patient died with

functional fistula. Thirty-five patients had successfully

working AVF at the end of 6 months.

Between the 6th and 12th months, 4 fistulas were

thrombosed and abandoned. Repeated endovascular treat-

ment to the same region was performed in one patient.

After 18 months, 4 patients died with functional fistula.

3 fistulas were surgically revised. One patient had recurrent

JAS and reintervention was done.

At 24-month follow-up, 3 patients could not continue

dialysis with their fistulas and underwent surgical revision.

Table 1 Demographic features of the patients and characteristics of

the AVFs

Number of patients 38

Age (years) 66.42 ± 12.01

Female to male ratio 18/20

Hypertension 21/38 (55.3%)

Hyperlipidemia 17/38 (44.7%)

Diabetes mellitus

Type 1 1/38 (2.6%)

Type 2 20/38 (52.6%)

Type of AVF

Radiocephalic 38/38 (100%)

Side of AVF

Right 13/38 (34.2%)

Left 25/38 (65.8%)

Age of AVF at the first intervention (months) 15.2 ± 18.3

Stenosis location

Juxta-anastomotic 38/38 (100%)

AVF arteriovenous fistula
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One patient died with functional fistula. At the end of

2 years, there were 18 patients remaining with no necessity

for additional intervention.

Between the 24th and 36th months, 2 patients died of

heart problems with functional fistula. No endovascular

intervention or surgery was performed during this period.

At 48th month, two fistulas were occluded, and surgery

was performed to revise. By the end of 48 months, 14

patients did not need any intervention and underwent

dialysis successfully. At the end of the follow-up interval,

17 patients (%44.7) had functional AVFs.

At the follow-up, three patients were needed reinter-

vention. At 5 months, one patient had stenosis and the

patient was treated by angioplasty with DEB. Two months

later, restenosis was detected and the same procedure was

performed; 11 months later, restenosis was detected again

at the same region and treated with DEB again. No further

intervention was needed, and fistula is still patent. The

second patient had stenosis at the same site after the

intervention, and the patient was treated by angioplasty

with DEB. No further stenosis was detected during the

follow-up period. The other patient also had recurrent

stenosis at 14 months of follow-up; he was treated by

angioplasty with DEB. No more stenosis occurred during

the follow-up period.

The estimated primary patency rates at 6 months were

94.7% (95% CI, 80.9%–99.0%), at 12 months were 81.2%

(95% CI, 64.6%–91.4%), at 18 months were 70.3%, (95%

CI, 53.1%–83.4%), at 24 months were 60.7% (95% CI,

43.6%–75.7%), at 36 months were 60.7% (95% CI,

43.6%–75.7%), and at 48 months were 53.1% (95% CI,

36.5%–69.1%).

The estimated secondary patency rates at 6 months were

97.3% (95% CI, 84.5%–99.8%), at 12 months were 86.5%

(95% CI, 70.7%–94.8%), at 18 months were 78.4%, (95%

CI, 61.6%–89.4%), at 24 months were 69.0% (95% CI,

51.8%–82.4%), at 36 months were 69.0% (95% CI,

51.8%–82.4%), and at 48 months were 61.7% (95% CI,

44.6%–76.5%). Figure 1 summarizes the patency results.

Discussion

Our study demonstrated that endovascular treatment of

JASs in radiocephalic hemodialysis fistulas with DEBs is

an effective method. We recorded pretty high primary

patency rates even at 48 months with DEBs in this study.

Secondary patency rates were greater than primary patency

rates as expected.

PTA is an established procedure and is the first option

for the management of JASs with its minimally invasive

nature [7, 17, 18]. Although surgical creation of a new

fistula has lower rates of recurrence [19], secondary

patency rates are comparable with surgery and PTA [20].

Despite high recurrence rates, endovascular treatment

allows immediate usage of AVF after the procedure and

prevents waiting for maturation after the new surgery.

Many studies compared the DEBs and plain balloons in

the treatment of stenotic AVFs [12, 21, 22]. All these

studies demonstrated that DEBs provide significantly

higher primary patency rates and lower recurrence rates.

Animal trials displayed the efficacy of paclitaxel on pre-

venting neointimal hyperplasia and reported that local

therapy is more useful [23, 24].

Although miscellaneous reports assessed the efficacy of

DEBs in AVFs, the sample in these studies included

radiocephalic and brachiocephalic fistulas or grafts, juxta-

anastomotic, or outflow venous stenoses [6, 8, 9, 25, 26].

As far as we know, minimal number of studies assessed the

long-term patency rates after DEB angioplasty in a uniform

sample such as autologous radiocephalic AVFs with JASs

[7].

We demonstrated better primary patency rates at 6

(94.7%) and 12 (81.2%) months compared to other studies

[6, 9, 27, 28]. These results illustrate the efficacy of DEB

angioplasty in JAS. Patanè D et al. [7] achieved similar

results. The treatment of JASs with DEBs reduces the rate

of restenosis and therefore makes the primary patency rates

higher. With less repeated interventions, patient comfort

and cost-effectiveness get better [22]. After the interven-

tion, two restenoses occurred, and reintervention was per-

formed within 1 year in our study. This number was much

better than most of the other studies, except one study had

the same number [7].

Patanè D et al. [7] showed a significant decrease in the

primary patency rates from the 12th month to the 24th

month. Similarly, there was a decline in our study from the

18th (70.3%) month to the 24th (60.7%) month. This

decrease may be the consequence of repetitious punctures

and vascular damage. However, the results remained the

same at the 36th (60.7%) month. These rates are signifi-

cantly higher than all studies that assessed the management

of JASs in radiocephalic fistulas [7, 17, 27, 28].

Manninen et al. [17] assessed the effectiveness of the

brachial arterial approach to the failing radiocephalic fis-

tulas. Their primary patency rate was 32.0% at 36 months.

This significant lower result compared to our study may be

due to the heterogeneous target lesion (JASs or other

segments) selection. Moreover, not only DEB angioplasty

but also other treatment options such as thromboaspiration

or stent deployment were performed in their study. Mor-

tamais et al. [28] evaluated long-term results after

endovascular treatment in JASs. They included only

radiocephalic AVFs with JASs in their research and

reported primary patency rates of 25.5% at 36 and

48 months. We demonstrated significantly greater rates at
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48 months (53.1%). These encouraging rates at 6, 12, 18,

24, 36, and 48 months may be the result of DEB selection

for the particular lesions in radiocephalic AVFs.

During our follow-up period, recurrent stenosis in the

juxta-anastomotic region occurred in only three patients.

This promising result may be due to the relatively small

sample group. Mortamais et al. [28] reported that residual

stenosis after the intervention, stenosis length, and time

before the first restenosis significantly increase repeated

interventions. On the other hand, Rajan et al. [8] demon-

strated that no clinical or anatomic variable affects patency

outcome.

The study had some limitations. The retrospective study

design was the major limitation of the present study. Sec-

ond significant limitation was the lack of a control group

who were treated by plain balloons. Another limitation was

the relatively small sample size of the patient group.

In conclusion, DEB angioplasty is a safe, effective

treatment method with high primary patency rates even at

long terms. The results we gained in this study demonstrate

that JASs in distal radiocephalic AVFs can be effectively

treated with DEBs and AVFs can be used safely for years

after DEB angioplasty.
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Abstract
Rationale: Restenosis due to intimal hyperplasia (IH) is a major clinical issue that affects the success of lower limb endovascular
surgery. After 1 year, restenosis occurs in 40% to 60% of the treated vessels. The possibility to reduce IH using local antiproliferative
drugs, such as taxols, has been the rationale for the clinical applications of drug-eluting stents and drug-eluting balloons (DEBs). The
purpose of this study was to evaluate the clinical and instrumental efficacy of DEBs versus simple percutaneous transluminal
angioplasty (PTA) in patients affected by chronic limb ischemia (CLI) with tibial artery ‘‘de novo’’ lesions. Methods: A retrospective
analysis was performed and included all consecutive patients who underwent endovascular treatment for CLI in our centers
between January 2011 and March 2013. Inclusion criteria were (1) ‘‘de novo’’ tibial artery stenosis and (2) Rutherford class >4. Lesions
were further divided by TransAtlantic Inter-Societal Consensus (TASC) classification into groups A, B, C, and D. Results: Between
January 2010 and March 2013, a total of 138 patients underwent simple PTA or DEB for CLI, and the groups were clinically and
demographically homogenous. We decided to use DEBs in 70 cases. An improvement in the Rutherford Scale in cumulative and
single TASC lesions classification was better in the DEB group (74% vs 51%; P¼ .024) at 24 months than in the PTA group. In the
DEB group, the increase in ankle–brachial index was significantly higher than in the PTA group (P ¼ .039). Conclusions: Our
experience in addition to the existing literature supports the use of DEB in patients with CLI Rutherford class >3.

Keywords
intimal hyperplasia, drug-eluting balloon, restenosis

Introduction

Restenosis due to intimal hyperplasia (IH) is a major clinical

issue that affects the success of lower limb endovascular sur-

gery. After 1 year, restenosis occurs in 40% to 60% of the

treated vessels. The possibility to reduce IH using local anti-

proliferative drugs, such as taxols, has been the rationale for the

clinical applications of drug-eluting stents and drug-eluting

balloons (DEBs). TransAtlantic Inter-Societal Consensus

(TASC) II classification has been recently updated.1 The intent

of this new revision is to provide a complete anatomic lower

limb TASC lesion classification, including the infrapopliteal

segment, and an updated literature review of new endovascular

techniques and practice patterns employed by vascular special-

ists today.4 The new infrapopliteal lesion classification incor-

porates several features that attempt to address the multivessel

nature of possible infrapopliteal anatomies.6,7,12 Occlusive dis-

ease in a single tibial artery rarely leads to clinical signs or

symptoms. Thus, a clinically significant reduction in distal

arterial perfusion requires multivessel disease that can occur

from multiple anatomic patterns of arterial occlusions. Accord-

ing to the new TASC II classification,1 the purpose of this study
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was to evaluate the clinical and instrumental efficacy of DEBs

versus simple percutaneous transluminal angioplasty (PTA) in

patients affected by chronic limb ischemia (CLI) with tibial

artery ‘‘de novo’’ lesions.

Methods

Patients

A retrospective analysis was performed, including all consec-

utive patients who underwent an endovascular treatment for

CLI in our centers between January 2011 and March 2013.

Inclusion criteria were (1) ‘‘de novo’’ tibial arteries stenosis

and (2) Rutherford class >4. Exclusion criteria were as follows:

(1) recurrent stenosis; (2) inability to undergo aortography

before the procedure; and (3) inability to give informed con-

sent. Lesions were further divided by TASC II classification1,2

into groups A, B, C, and D. A comparison was made between

patients who were treated with paclitaxel DEB and simple

balloon angioplasty (PTA). Patient selection was reviewed ret-

rospectively to select patients with similar clinical and demo-

graphic data, but with different types of treatment (DEB or

PTA), to reduce the bias of a nonrandomized cohort study

(Table 1). All patients underwent aortography before the pro-

cedure to exclude iliac and femoral ‘‘in-flow’’ lesions and to

study all of the tibial and plantar vessels. A written consent was

obtained before the intervention for all patients. All bailout

stenting and technical failures were considered a bias and were

excluded from the analysis.3 Study medication regimens and

schedules were according to local clinical practice with aspirin

(100-325 mg/d indefinitely) and clopidogrel or prasugrel load-

ing dose (75 or 300 mg) with maintenance for 1 month. Clinical

follow-up and instrumental follow-up were performed

24 months after the procedure.

Techniques and Devices

An antegrade approach was used in the majority of the inter-

ventions. Procedures were performed with a portable imaging

fluoroscopic C-arm (OEC 9900 elite; GE Medical Siemens,

Milwaukee, Wisconsin) or in a hybrid operating room using

an Artis Zeego system (Artis Zeego; Siemens AG, Forchheim,

Germany). Iodinated or gadolinium contrast was used, respec-

tively, in patients with normal creatinine or with creatinine

level >1.5 mg/dL. Intraoperative anticoagulation was achieved

using 100 U/kg heparin, and the activating clotting time was

maintained above 250 seconds. A 4F (for Elutax Aachen, Fox-

Plus Abbott, ClearPAc Clearstream) or 6F (for Lutonix Bard,

Armada Abbott) introducer sheath was used with a 0.14-inch

guidewire. Catheters for PTA or DEB were selected from a

dedicated vascular shelf (Table 2). Predilatation was performed

in 100% of the DEB cases. A 1-mm oversizing, after PTA, was

considered for DEB diameter. Hence, all patients were primar-

ily treated with PTA after, according to the operator’s choice,

they did or did not undergo DEB. The interventionist’s decision

was based on clinical and angiogram findings, his or her expe-

rience, cost-effectiveness of the procedure, and final results

after POBA.

End Points

All patients were clinically and instrumentally evaluated

24 months after the procedure in a dedicated outpatient study.

The primary end point of our study was a significant improve-

ment in Rutherford Scale (IRS). Secondary end points were

ankle–brachial index (ABI), the rate of restenosis (RR) mea-

sured by color-duplex scanning, mortality, and amputation rate.

Finally, we considered the single endovascular tool in terms of

clinical and instrumental efficacy. The RR was defined as a

peak systolic velocity >2.4 m/s and a circumferential IH with a

lumen loss more than 70% detected on ultrasound.8

Table 1. Demographic and Clinical Data.

Variables Data DEB PTA P Value

Patients (138) 70 68
Age, years 65.4 + 9.0 66.1 + 9.6 .125
Male 37 (75.5%) 35 (71.4%) .234
CAD 18 (36.7%) 20 (40.8%) .389
Smoking 36 (73.4%) 38 (77.5%) .202
Diabetes 12 (24.4%) 11 (22.4%) .371
Hyperlipidemia 18 (36.7.7%) 16 (32.6%) .442
Obesity 4 (8.1%) 6 (12.2%) .312
Reactive C-protein,

mg/dL, >9.8 mg/dL
8 (16.3%) 7 (14.2%) .256

Plasmatic homocysteine
>15 mmol/L

11 (22.4%) 12 (24.4%) .371

Ankle–brachial index
(ABI)

0.35 + 0.18 0.36 + 0.21 .231

Rutherford classification Cumulative
4 45 43 .291
5 17 14
6 8 11

TASC classification Cumulative
A 2 2 .451
B 13 14
C 26 22
D 8 11

Abbreviations: CAD, coronary artery disease; DEB, drug-eluting balloon; PTA,
percutaneous transluminal angioplasty; TASC, TransAtlantic Inter-Societal
Consensus.

Table 2. Type of Device.

Device DEB PTA

Elutax Aachen resonance 32
Lutonix Bard 25
Armada Abbott 38
FoxPlus Abbott 28
ClearPac Clearstream 36

Abbreviations: DEB, drug-eluting balloon; PTA, percutaneous transluminal
angioplasty.

2 Vascular and Endovascular Surgery

 by guest on May 17, 2016ves.sagepub.comDownloaded from 

http://ves.sagepub.com/


Statistical Analysis

Data were collected in a dedicated Office Xcel (Microsoft,

Redmond, Washington) file and analyzed using SPSS 21.0

software (IBM, Armonk, New York). Continuous variables

with a normal distribution are expressed as the mean + stan-

dard deviation, and categorical variables as frequency and

percentage. The study required at least 110 patients to provide

�80% power to detect an improvement in the Rutherford

classification, expressed as the change in the class number

between baseline and the 24-month control (calculated for

individual patients). Significance between the treatment

groups was tested by Cochran-Mantel-Haenszel statistics.

Categorical variables (given as number and percentage) were

compared by the use of Fisher exact test. Survival and ampu-

tation are presented as Kaplan-Meier analysis with Mantel-

Cox log-rank test. Differences were considered statistically

significant at P < .05.

Results

Between January 2010 and March 2013, we treated 138 patients

with CLI using simple PTA or DEB; the groups were clinically

and demographically homogenous. We decided to perform

DEB in 70 cases. Preoperative Rutherford classification

showed an equal distribution for both the groups, and the same

results were obtained when considering the anatomy of the

lesions with TASC II classification1 (lesion types A, B, C, and

D). An antegrade and retrograde approach was used in 83.3%
(110 cases) and 16.7% (28 cases), respectively.

Primary End Point

Rutherford Scale in cumulative and single TASC lesion clas-

sification was superior in the DEB group (74% vs 51%;

P ¼ .024) at 24 months than in the PTA group. The TASC II

B lesions showed further superior results with a significant

improvement in IRS with respect to the PTA group (Table 3).

When matching the IRS in both groups, a longer lesion was

associated with worst long-term results, even if the DEB

group had a superior significant improvement in IRS.

Irrespective of the type of treatment, TASC II type C and

D lesions showed the worst results when compared to types

A and B.

Secondary End Point

In the DEB group, the increase in ABI was significantly higher

than in the PTA group (P ¼ .039; Table 4). For patients with

TASC B lesions, DEB was most beneficial, resulting in a sig-

nificant ABI increase and a lower RR (TASC B with DEB:

from 0.35 + 018 to 0.71 + 0.23; TASC B with PTA: from

0.36 + 0.21 to 0.48 + 0.12; P ¼ .025). In patients with TASC

C and D lesions, the ABI improved less and the RRs were

higher compared to the patients with TASC A and B lesions.

Both the cumulative survival rate and the amputation rate

showed significantly superior results for the DEB group

(Figures 1 and 2). Major amputations were only performed in

patients who were IRS 5 and 6. All analyzed variables were

similar between the PTA and the DEB groups.

Discussion

In practical terms, although the level of evidence is low, the

initial revascularization strategy for femoropopliteal disease is

commonly an endovascular approach.5,12,15 This is supported

by a recent meta-analysis of the published literature regarding

Table 3. Type of Lesions and IRS.

IRS DEB PTA P Value

Cumulative 74% 51% .024
TASC II A lesions 76% 69% .047
TASC II B lesions 86% 59% .012
TASC II C lesions 65% 41% .042
TASC II D lesions 55% 31% .044

Abbreviations: DEB, drug-eluting balloon; IRS, Rutherford Scale; PTA, percu-
taneous transluminal angioplasty; TASC, TransAtlantic Inter-Societal
Consensus.

Table 4. ABI and RR in the Two Groups.

DEB PTA P Value

ABI cumulative 0.64 + 0.35 0.52 + 0.22 .039
ABI TASC II A 0.65 + 0.19 0.58 + 0.15 .078
ABI TASC II B 0.71 + 0.23 0.48 + 0.12 .025
ABI TASC II C 0.49 + 0.15 0.43 + 0.21 .041
ABI TASC II D 0.40 + 0.15 0.39 + 0.21 .044
RR cumulative (psv >2.4 m/s
þ stenosis >70%)

19% 32% .028

RR TASC II A 16% 19% .068
RR TASC II B 15% 24% .043
RR TASC II C 21% 38% .034
RR TASC II D 38% 62% .012

Abbreviations: ABI, ankle–brachial index; DEB, drug-eluting balloon; PTA, per-
cutaneous transluminal angioplasty; RR, rate of restenosis; TASC, TransAtlan-
tic Inter-Societal Consensus; psv, peak of systolic velocity.
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Figure 1. Cumulative Survival Rate.
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endovascular versus surgical revascularization for femoropo-

pliteal disease.9 We investigated the long-term clinical results

in patients with critical limb ischemia treated with PTA or

DEB. Demographic data (Table 1) showed a homogenous dis-

tribution of the patients in the 2 groups, which reduced the bias

resulting from a lack of randomization. Chronic limb ischemia

remains a remarkable risk factor for cardiovascular events and

amputation 1 year after the onset of symptoms. This aggressive

pathology has been deeply investigated,2,10 and there is a com-

mon agreement that CLI requires urgent and complete treat-

ment. As reported by the TASC II and American Heart

Association guidelines, endovascular therapy is the preferred

treatment for type A and B lesions, whereas surgery is the

preferred treatment for low-risk patients with type C and D

lesions.2,10 The patient’s comorbidities, fully informed patient

preference, and the local operator’s long-term success rate

must be considered when making treatment recommendations

for type C and D lesions. According to this recommendation,

we treated 98 patients with ‘‘de novo’’ lesions for CLI. Type C

and D lesions were considered for endovascular therapy

according to our endovascular experience, and all patients in

the type C and D group were successfully treated with angio-

plasty. There has been an evolution of newer technologies,

specifically patency-enhancing drug coating for balloons and

stents. There is growing evidence from randomized trials that

supports the use of DEB.11,13,16,17 These trials underline the

long-term benefit of lowering restenosis both for quality of

life18,19 and for life expentancy.20 In our experience, we

focused on clinical improvement using the IRS. Restoring an

effective blood flow in the pedal and tibial vessels permits

lesions to heal, relieves pain, and reduces the release of inflam-

matory cytokines.21-23 The efficacy of endovascular therapy is

correlated with vessel outflow, meaning there is a strict corre-

lation between the number of patent vessels and the final out-

come.24 In our experience, we have used Lutonix Bard and

Elutax Aachen as DEB. Lutonix has been supported by clinical

trials,10 and a second trial of Levant 2 is still ongoing to vali-

date this DEB. No randomized trial has been considered for

Elutax, and the literature lacks data25 concerning the use of this

DEB for tibial vessels. Nonetheless, we decided to use this

device based on the good results in other experiences.1,25 The

6-month results of Elutax SV showed this DEB to be compa-

rable to and as effective as other DEBs that have undergone

clinical trials. Our preliminary experiences reported that the

ABI improved from 0.49 to 0.89, and the Rutherford stage

decreased from 3 to 1. Another ‘‘pro’’ for the use of this DEB

is the low-profile catheter, which always permits the use of a 4F

introducer sheath with all of the diameters in peripheral vessels.

Patients with reduced tibial outflow (3-vessel runoff) showed a

significantly reduced patency relative to patients with 3-vessel

runoff.17,24 In our experience, we noted that reduced tibial out-

flow, such as in C type lesions, might be a causative factor in

the reduced primary patency of percutaneous interventions; it is

also possible that it is simply a marker for increased disease

severity. Those with more severe or extensive disease might be

more likely to represent with recurrent symptoms, thus leading

to more frequent documentation of failure in this group relative

to those with type A and B lesions. Drug-eluting balloons were

shown to be more effective in controlling the worsening of IRS

with significant cumulative results. Restenosis was signifi-

cantly controlled in the DEB group, and an increased ABI was

noted. The ABI provides key information on long-term prog-

nosis, with an ABI �0.90 associated with a 3- to 6-fold

increased risk of cardiovascular mortality. The benefits of a

long-term improvement in ABI are evidenced by the better

results in the free-from-amputation and survival rates as shown

by Kaplan-Meier analysis (Figures 1 and 2).7,14,15 The rationale

of DEB has been already described,11,13,18 but it is important to

underline that the coated balloon releases most of the drug

immediately during the first inflation when there is short con-

tact with the vessel wall for 60 seconds. The duration of inhibi-

tion of cell proliferation exceeds the time that cells are actually

exposed to the drug. In some studies,11,18 only approximately

6.4% + 2.9% of the original paclitaxel dose was found to be

extractable from the surface of the balloons used in our trial.

Although animal studies indicate that as much as 70% to 80%
of the drug dose might be lost in the bloodstream,25 the remain-

ing dose and duration of drug exposure seem to be sufficient to

prevent neointimal proliferation.

Conclusion

Although this study has a limitation due to the lack of rando-

mization, we observed superior results with DEB. The cumu-

lative free-from-amputation rate shows the benefit of using

DEB. All patients who required an amputation belonged to

Rutherford class 5 and 6. We showed that the DEB group

obtained a better IRS, leading to a lower risk of amputation

for these patients. Further research is needed before we can

consider the DEB as the gold standard therapy for CLI. How-

ever, our experience, in addition to the existing literature, sup-

ports the use of DEB in patients with CLI Rutherford class >4.

With the reduced need for a stent and considering the statement

‘‘leaving nothing behind’’, DEB can be considered a safe treat-

ment of choice in CLI.
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Abstract

Purpose This study intended to assess effectiveness and

safety of the drug-coated balloon (DCB) angioplasty of

infrapopliteal atherosclerotic lesions in patients with criti-

cal limb ischaemia (CLI) in a real-world setting.

Methods Consecutive patients with critical limb ischaemia

who underwent infrapopliteal drug-coated balloon angio-

plasty with the ELUTAX SV DCB were enrolled into the

prospective, multicentre, single-arm observational registry.

Primary outcome was clinical improvement at 6 and

12 months. Secondary outcomes were change in quality of

life, primary patency, freedom from repeat revascularisa-

tion, and amputation-free survival at 6 and 12 months.

Results A total of 164 patients (74.7 ± 9.2 years) with

CLI were included at nine German sites between Novem-

ber 2015 and September 2017. The majority (79.9%) of

patients had diabetes mellitus, 57.3% had renal insuffi-

ciency, and 35.3% had coronary artery disease. Mean

lesion length was 71.2 ± 76.5 mm. The Rutherford cate-

gory improved by 3.0 ± 2.0 (p\ 0.0001) within

12 months, resulting in a clinical improvement by at least

one Rutherford category in 80.2% of the patients. Walking

impairment questionnaire score, European Quality of Life

index, and patient-reported pain improved significantly

from baseline to 6 and 12 months. Primary patency was

68.5%, freedom from target lesion revascularisation 90.6%,

and amputation-free survival 83.5% at 12 months.

Conclusion Infrapopliteal drug-coated balloon angioplasty

with the ELUTAX SV DCB in patients with critical limb

ischaemia was efficacious and safe over the medium term.

The study is registered with Clinical.Trials.gov (Identifier:

NCT02539940).

Keywords Below the knee � Critical limb ischaemia �
Drug-coated balloon angioplasty � Drug-eluting
balloon � Infrapopliteal � Paclitaxel � Peripheral artery
disease

Introduction

Patients with critical limb ischaemia (CLI) have a risk of

about 50% of major amputation or death within the first

year from presentation [1, 2]. Even after major amputation,

almost half of those aged 70 and older probably will die in

the following year [3].
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CLI is usually a multilevel artery disease, mostly

involving the infrapopliteal arteries. The majority of CLI

patients concomitantly suffer from diabetes and other car-

diovascular diseases, unfavourably reinforcing each other.

Guidelines require infrapopliteal revascularisation for limb

salvage whenever possible, and endovascular therapy

should be considered in patients with stenosis, short

occlusions, or at high risk for open surgery [4]. However,

infrapopliteal artery disease is characterised by small ves-

sels, particularly prone to elastic recoil [5], low flow, and a

diffuse pattern of lesions, frequently accompanied by

medial calcification. The incidence of restenosis of about

40–60% at 1 year after standard balloon angioplasty

(POBA) is disappointing [6, 7]. Even bare-metal stent

implantation does not make a substantial improvement [8].

In short lesions, drug-eluting stents were found to be

superior to POBA or bare-metal stents, but did not decrease

mortality.

In medium-length lesions, drug-coated balloons (DCBs)

tended to prevent restenosis and target lesion revasculari-

sation but did not improve the amputation-free survival [9].

However, advanced technology of DCBs could have

improved efficacy and safety. This study aimed to assess

the effectiveness of the ELUTAX SV paclitaxel-coated

balloon in a real-world setting over a period of 12 months.

Methods

Study Design and Setting

The APOLLO study is a prospective, multicentre, obser-

vational, investigator-initiated trial. Recruitment took place

over a period of 23 months at nine German sites. Clinical

evaluation, duplex ultrasonography (DUS), assessment of

quality of life (QoL) measures including Walking Impair-

ment Questionnaire (WIQ) score [10], European Quality of

Life-5 Dimensions (EQ-5D) index [11, 12], and patient-

reported pain, as well as determination of the ankle–bra-

chial index (ABI) were conducted at baseline and at 6 and

12 months after revascularisation. All target limb-related

adverse events, device-related adverse events, adverse

cardiovascular events, and all severe adverse events had to

be reported by the investigators. The study is registered

with ClinicalTrials.gov (Identifier: NCT02539940).

Patients

Patients who were at least 18 years of age and were

scheduled for DCB angioplasty with the ELUTAX SV

DCB for the treatment of below-the-knee artery stenosis of

C 70% or occlusion and suffered from critical limb

ischaemia (Rutherford category 4–6 or CLI confirmed by

photoplethysmography) were eligible. Inclusion was inde-

pendent of a successful guide wire passage and lesion

preparation. All patients provided written informed con-

sent. The inflow artery had to be patent; however, its

treatment prior to the index procedure was permitted. Per

definition, a target vessel reconstitutes at or above the

ankle. Key exclusion criteria were planned major target

limb amputation, acute limb ischaemia, or application of

DCB other than ELUTAX SV in a target limb artery.

Study Device and Procedure

The semi-compliant ELUTAX SV drug-coated balloon

(Aachen Resonance, Aachen, Germany) is coated with a

matrix, consisting of two layers of paclitaxel and a seal

layer of dextran. Paclitaxel is supposed to inhibit neointi-

mal proliferation and thus to prevent restenosis. The inner

paclitaxel layer has an amorphous and the outer layer a

crystalline structure. Paclitaxel dose density is 2.2 lg/mm2.

Dextran protects the paclitaxel layers from abrasion during

introduction of the catheter, minimises the paclitaxel wash

off by providing a continuous drug transfer to the vessel

wall, and supports platelet inhibition. The DCB had to be

used according to the manufacturer’s instruction and the

standard clinical practice of the participating centres.

Inflation time recommended by manufacturer is 30 s. Pre-

dilation was not mandatory. However, pre-dilation as well

as prolonged inflation, bailout stenting, or post-dilation in

case of significant residual stenosis or flow-limiting dis-

section were left to investigator’s discretion.

Concomitant study medication had to comply with

current guidelines. To prevent systematic vascular events

and limb events, long-term treatment with aspirin and, in

case of bailout stenting, dual antiplatelet therapy with

aspirin and clopidogrel for at least one month was

recommended.

Study Outcome Measurements

Primary effectiveness outcome was clinical improvement

based on the change in Rutherford category from baseline

to 6 and 12 months. Secondary effectiveness outcome was

change in QoL, incidence of primary patency, freedom

from target lesion revascularisation (TLR), and freedom

from target vessel revascularisation (TVR) at 6 and

12 months. QoL was determined by means of WIQ score,

EQ-5D index, and patient-reported pain on a scale from

zero to ten. Primary patency was given if DUS examination

showed sufficient flow upon investigator’s assessment

without the need of prior TLR. Safety endpoints were

freedom from minor amputation, freedom from major

amputation, amputation-free survival, and all-cause mor-

tality at 6 and 12 months. Minor amputation was defined as
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transmetatarsal or distal amputation and major amputation

as above transmetatarsal amputation.

Statistical Analysis

Continuous variables are reported as mean ± standard

deviation (SD) and categorical variables as counts and

percentages. Differences between variables were assessed

with the two-sided sign test or the Wilcoxon sign-rank test.

Kaplan–Meier analysis was performed to estimate freedom

from TLR, TVR, amputation, or death, as well as primary

patency. Results are presented as parameter estimates and

their corresponding 95% confidence intervals (CIs).

Logistic regression was used to assess predictors of clinical

improvement without the need of TLR at 6 months and the

composite of death and any amputation at 12 months.

Established candidate variables were pre-screened based

on univariable analysis with a P value cut-off of 0.25 based

on Wald test from logistic regression. Subsequently, vari-

able selection for multivariable modelling was continued

by stepwise backward regression with an entry and removal

threshold P value of 0.1. A two-sided value of p\ 0.05

indicated statistical significance. Statistical analysis was

performed using SPSS Statistics (version 25.0. IBM,

Armonk, NY, USA).

Results

Study Population and Treatment

From November 2015 to September 2017, 164 consecutive

CLI patients with 248 infrapopliteal artery lesions were

enrolled at nine German centres. All but one underwent

DCB angioplasty with the ELUTAX SV DCB. About 80%

of the patients had diabetes mellitus and 44% were obese.

Fifty-seven per cent of patients had renal insufficiency

(Table 1). Mean lesion length was 71.2 ± 76.5 mm.

Chronic occlusion and severe calcification were present in

43% and 27% of patients, respectively (Table 2). Inflow

intervention was conducted in 31% and pre-dilation in 68%

of patients (Table 3). Completion of DUS follow-up was

55.5% (91 of 164 patients) at 6 months and 47.0% (77 of

164 patients) at 12 months.

Primary Effectiveness Outcome

Rutherford category improved by 2.5 ± 2.0 at 6 months

(p\ 0.0001) and 3.0 ± 2.0 at 12 months (p\ 0.0001)

(Fig. 1A). Clinical improvement by at least one Rutherford

category was observed in 74.0% (94 of 127 patients) at

6 months (Fig. 1B) and in 80.2% (85 of 106 patients) at

12 months (Fig. 1C). Excluding patients who did not

receive the study device or had peripheral artery diseases

(PAD) of Rutherford category 3 at baseline, the 12-month

incidence of clinical improvement was 79.0%.

Secondary Effectiveness Outcomes

The WIQ score improved by 7.1 ± 27.9% (p = 0.0119) of

the maximum score within 6 months and by 10.7 ± 32.4%

(p = 0.0035) from baseline to 12 months (Fig. 2A). The

EQ-5D index improved by 0.08 ± 0.30 (p = 0.0013)

within 6 months and by 0.07 ± 0.33 (p = 0.0003) over a

period of 12 months (Fig. 2B). Patient-reported pain

Table 1 Patient demographics and clinical characteristics (n = 164a)

Age, years 74.7 ± 9.2

Sex

Female 55 (33.5)

Male 109 (66.5)

Diabetes mellitus 131 (79.9)

Insulin dependent 82/130 (63.1)

Hyperlipidemia 88/159 (55.3)

Body mass index 29.2 ± 5.4

[ 30 71/162 (43.8)

Hypertension 148 (90.2)

Smoking 66/146 (45.2)

Current 17/146 (11.6)

Coronary artery disease 55/156 (35.3)

Heart failure 41/160 (25.6)

Renal insufficiency 94 (57.3)

Cerebrovascular disease 29/154 (18.8)

Stroke 24/154 (15.6)

ABI (n = 83) 0.91 ± 0.46

\ 0.5 13/83 (15.7)

C 1.3 22/83 (26.5)

Rutherford category

3—severe claudication 7b (4.3)

4—ischaemic rest pain 29 (17.7)

5—minor tissue loss 109 (66.5)

6—major tissue loss 19 (11.6)

Previous amputation 42 (25.6)

Major amputationc 7/164 (4.3)

Medication

Statin 100/162 (61.7)

Platelet inhibitor 64/163 (39.3)

Categorical values are presented as counts (percentages); continuous

values are presented as mean ± standard deviation
aOne patient did not receive the study device. No information about

the kind of treatment is available
bPhotoplethysmography indicated critical limb ischaemia
cAbove transmetatarsal
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decreased by 1.2 ± 2.1 pain scale units (p\ 0.0001)

within 6 months and by 1.0 ± 2.8 units (p = 0.003) within

12 months (Fig. 2C). ABI increased significantly from

baseline to 6 months (1.1 ± 0.4, p = 0.0009) and from

baseline to 12 months (1.2 ± 0.4, p = 0.0047).

Freedom from TLR was achieved in 97.1% (standard

error [SE] 1.4%) and 90.6% (SE 2.6%) of patients at 6 and

12 months, respectively (Fig. 3A). Freedom from TVR

(including TLR) was achieved in 94.9% (SE 1.9%) and

88.4% (SE 2.8%) at 6 and 12 months, respectively

(Fig. 3B). Patency at discharge was achieved in 97.8%

(176 of 180 lesions). Cumulative incidence of patient-

based primary patency was 91.6% (SE 3.0%) and 68.5%

(SE 5.2%) at 6 and 12 months, respectively (Fig. 3C). Post

hoc multivariable analysis revealed male sex as indepen-

dent risk factor for worse clinical response at 6 months

(odds ratio [OR] 0.17, p = 0.010). Inversely, statin

medication at 6 months tended to be associated with clin-

ical improvement (OR 3.08, p = 0.053) (Fig. 4).

Safety Outcomes

Freedom from minor amputation was 82.5% (95% CI:

75.1–87.9) at 6 months and 77.8% (95% CI: 69.4–84.1) at

12 months. Limb salvage was 97.1% (SE 1.4%) and 95.4%

(SE 1.9%) at 6 and 12 months, respectively (Fig. 5A).

Survival was 94.5% (SE 1.8%) and 87.8% (SE 2.7%) at 6

Table 2 Lesion characteristicsa (n = 248)

Lesion length, mm 71.2 ± 76.5

Total lesion length, mm 107.2 ± 92.6

Diameter stenosis, % 89.4 ± 10.5

Chronic total occlusion

Artery based 105/273 (38.5)

Patient based 70/164 (42.7)

Severe calcificationb 22/83 (26.5)

TASC classificationc

TASC A 48/162 (29.6)

TASC B 68/162 (42.0)

TASC C 39/162 (24.1)

TASC D 7/162 (4.3)

Affected arteries 273

Popliteal artery 29 (10.6)

Tibioperoneal trunk 42 (15.4)

Anterior tibial artery 100 (36.6)

Peroneal artery 55 (20.1)

Posterior tibial artery 47 (17.2)

Number of crural arteries with runoff to the foot

0 27/155 (17.4)

1 73/155 (47.1)

2 43/155 (27.7)

3 12/155 (7.7)

Categorical values are presented as counts (percentages); continuous

data are presented as mean ± standard deviation
aAdjacent lesions without angiographic evidence of healthy segments

20 mm or greater were considered as single lesion
bAssessed by visual estimate or medial calcification indicated by

ABI C 1.3
cInter-Society Consensus for the Management of Peripheral Arterial

Disease (TASC) classification of infrapopliteal lesions

Table 3 Procedure characteristics

Inflow intervention 51/164 (31.1)

SFA 25/51 (49.0)

P1 10/51 (19.6)

P2 11/51 (21.6)

P3 5/51 (9.8)

Pre-dilation (patient-based) 110/163 (67.5)

Pre-dilation (DCB-based) 159/286 (55.6)

Balloon length, mm 88.5 ± 46.6

Nominal diameter, mm 2.7 ± 3.3

Maximum pressure, atm 10.6 ± 3.3

Pre-dilation time, sec 48.5 ± 41.8

Drug-coated balloona 286

DCB/lesion 1.15

Balloon length, mm 86.4 ± 43.8

Nominal diameter, mm 2.9 ± 2.2

Maximum pressure, atm 8.5 ± 2.0

Inflation time, sec 114.4 ± 34.7

Post-dilation 18/163 (11.0)

Scoring balloon 2 (1.2)

Balloon length, mm 63.1 ± 47.1

Nominal diameter, mm 5.0 ± 8.8

Maximum pressure, atm 10.0 ± 3.3

Inflation time, sec 82.8 ± 59.7

Bailout stentingb 5/163 (3.1)

Medication at 6 months

Statin 98/137 (71.5)

Platelet inhibitor 50/136 (36.8)

Medication at 12 months

Statin 89/119 (74.8)

Platelet inhibitor 33/116 (28.4)

Categorical values are presented as counts (percentages); continuous

values are presented as mean ± standard deviation

DCB drug-coated balloon; SFA superficial femoral artery; P1 proxi-

mal popliteal artery segment; P2 mid-popliteal artery segment; P3

distal popliteal artery segment
aOne of 164 patients did not receive a drug-coated balloon
bFour lesions were stented due to dissection and one lesion due to

residual stenosis[ 30%
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and 12 months, respectively (Fig. 5B), and major ampu-

tation-free survival was 90.7% (SE 2.3%) and 83.8% (SE

3.0%) at 6 and 12 months, respectively (Fig. 5C).
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A total of twenty patients (15.9%) died within one year

of the intervention. Five patients died from heart failure,

four from sepsis, two each from stroke, renal failure,

pneumonia, or haemorrhage, and one each from myocar-

dial infarction or arrhythmia. One death remained unex-

plained (Table 4). Without consideration of patients who

did not receive the study device or had PAD of Rutherford

category 3 at baseline, 12-month incidence of restenosis

was 25.7%, of repeat revascularisation 11.3%, of minor or

major amputations 26.5% and 5.3%, respectively, and of

mortality 15.8%.

Post hoc logistic regression revealed a higher BMI and

inflow vessel intervention as independent predictors for a

reduced risk of death or amputation at 12 months (OR 0.88

[p = 0.007] and OR 0.37 [p = 0.040], respectively). Renal

insufficiency tended to increase the risk of death or

amputation (OR 2.2, p = 0.078) (Fig. 6).

Discussion

After angioplasty with the ELUTAX SV DCB, the majority

of patients improved clinically. A significant share reported

on an improved quality of life that maintained throughout

the following year. Repeat revascularisation was needed in

about one of eight patients, and minor amputation in one of

four. Eighty-four per cent of the patients survived the first

year after revascularisation without major amputation.

Clinical Improvement

Clinical improvement and quality of life (QoL) are rarely

reported in trials on CLI because limb salvage is para-

mount. Although QoL is highly subjective, it is a useful

complement of clinical effectiveness outcomes. This study

found a sustained improvement of QoL in a population

with advanced disease and multiple comorbidities.

Increased walking ability and activity might have con-

tributed to patency and collateralisation. The favourable

impact of statin on clinical improvement is supported by

previous results from the CRITISCH registry [13] and a

large-scale Swedish registry [14]. Therefore, preventive

pharmacological treatment pursuant to guidelines [4]

should be strongly recommended. The former registry

additionally confirms the worse treatment response in men.

Patency and Repeat Revascularisation

Meta-analysis on three randomised trials that compared

infrapopliteal DCB angioplasty with POBA in CLI patients

(DEBATE-BTK [15], IN.PACT DEEP [16], BIOLUX P-II

[17]) reported on a non-significant trend in favour of DCB

angioplasty regarding restenosis [7, 9]. However,

heterogeneity was significant. One-year incidence of

restenosis after POBA varied between 47 and 74%

[6, 9, 15]. In contrast, incidence of restenosis after DCB is

reported with 30% and thus is in line with the findings from

this study. This advantage is probably due to inhibition of

neointimal proliferation by paclitaxel.
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Fig. 4 Probability of improvement by at least one Rutherford

category at 6 months without the need of target lesion revasculari-

sation. *Not included into multivariable regression due to numerous

missing data. CI confidence interval, FU follow-up, TASC inter-

society consensus for the management of peripheral arterial disease

classification of infrapopliteal lesions
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In this study, TLR was less frequently conducted than in

previous DCB studies. It might be assumed that in shorter,

less complex lesions, restenosis more rarely needs to be

revascularised. The above-mentioned meta-analysis

revealed a difference to POBA that was just below statis-

tical significance [9]. From this, one could conclude that

with new-generation DCB, there might be a significant

advantage over POBA. However, a meta-analysis of 27

trials on infrapopliteal POBA revealed a somewhat lower

incidence of TLR with significant heterogeneity [6]. Thus,

superiority of DCB angioplasty over POBA remains to be

proven by future randomised trials.

Amputation and All-Cause Mortality

Limb salvage is the primary objective of revascularisation

in CLI patients. In this study, considerable fewer patients

underwent major amputation than during previous studies

on infrapopliteal POBA [6] and DCB angioplasty [9].

Incidence of all-cause mortality in this study was

slightly higher compared to previous meta-analysis on

DCB [9, 18], similar to POBA [6], and lower compared to

any kind of CLI revascularisation [19]. Except for renal

insufficiency, every single comorbidity statistically was not

associated with death or amputation. However, CLI

patients frequently suffer from multiple comorbidities

which may adversely affect one another and may enhance

disease progression. Advanced age, physical constitution,

and cardiovascular medication probably carry weight.

Finally, mortality and causes of death of patients who

withdrew or were lost to follow-up remain unknown.

Shammas et al. [20] reported on a threefold increased

risk of major amputation and a 14-fold increased risk of

death in diabetic compared to non-diabetic CLI patients. In

addition, the above-mentioned Swedish registry supports

the finding on an increased risk of death or amputation in
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Table 4 Incidence of safety outcomes

At 6 months At 12 months

All-cause mortalitya 10/141 (7.1) 20/126 (15.9)

Major target limb amputationb 4/137 (2.9) 6/119 (5.0)

Minor target limb amputationc 26/137 (19.0) 30/119 (25.2)

Repeat revascularisationd 9/137 (6.6) 13/119 (10.9)

Restenosise 10/91 (11.0) 18/77 (23.4)

Thrombectomy 1/163 (0.6) 1/163 (0.6)

Atherectomy 0/162 (0.0) 0/162 (0.0)

Values are given as counts (percentages)
aFive patients died from heart failure, four patients from sepsis, two

patients each from stroke, renal failure, pneumonia, or haemorrhage,

and one patient each from myocardial infarction, or arrhythmia. On

death remained unexplained
bAbove transmetatarsal
cTransmetatarsal or distal
dTarget vessel revascularisation including target lesion

revascularisation
eNo sufficient flow through the target lesion by duplex

ultrasonography
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patients with renal insufficiency [14]. In the light of this,

mortality in this study was consistent.

A higher BMI was associated with less mortality or

amputation. Accordingly, Moussa et al. [21] found a worse

in-hospital mortality of underweight compared to normal-

BMI patients with severe peripheral artery disease. This

might suggest that in CLI patients, downward deviations

from the normal BMI may be indicative for poor health.

Inflow intervention did not considerably increase clinical

improvement but significantly reduced the risk of death or

Fig. 6 Probability of death or any amputation at 12 months. CI confidence interval, FU follow-up, TASC inter-society consensus for the

management of peripheral arterial disease classification of infrapopliteal lesions
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amputation. This might be attributed to patients who

underwent minor amputation and subsequently improved

clinically. A previously suggested interaction between

diameter stenosis and major adverse events [18] could not

be confirmed by this study. Total occlusions at baseline

were not associated with death or amputation. Finally, with

regard to recent concerns about adverse long-term effects

of paclitaxel-coated devices, data from trials that prioritise

safety endpoints are needed [22].

Strength and Limitations

The strength of this study is that it provides detailed results

on clinical improvement and change in quality of life.

Moreover, post hoc analysis identified predictive variables

for clinical improvement and risk factors for death and

amputation. The study has some limitations. First, return of

patients for DUS follow-up was low. Standard errors of

primary patency at 6 and 12 months, however, were rea-

sonable. Second, patency was given if flow was clearly

demonstrated by DUS. To simplify study-related follow-up

evaluations, quantitative measurement was not mandatory.

Third, ABI data were obtained by only about half of the

patients. In addition, due to medial calcification, a high

proportion of ABIs were not suitable to determine the

hemodynamic condition. Fourth, severity of calcification

was not rated based on an established calcium scoring

system but only by investigator’s estimate or ABI C 1.3.

Fifth, classification of wounds and quality of wound care

management were not inquired. Sixth, seven patients with

PAD of Rutherford category 3 were included. Exclusion of

these patients from the analysis led to slightly worse

results.

Conclusions

In conclusion, infrapopliteal angioplasty with the ELU-

TAX SV DCB improved the clinical status and quality of

life of CLI patients over a period of 12 months. Restenosis,

TLR, and all-cause death were comparable to previous data

from infrapopliteal DCB angioplasty in CLI patients and

less frequent than known from POBA. Considerably fewer

major amputations were necessary than previously reported

from any other strategy of revascularisation.
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