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Paclitaxel-Coated Balloon versus Plain Balloon
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Arteriovenous Fistulas: A Prospective Randomized
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Objective: To report the mid-term results of a single-center randomized controlled trial comparing drug-coated balloon
angioplasty (DBA) and plain balloon angioplasty (PBA) for the treatment of dysfunctional radiocephalic arteriovenous fistulas
(RCAVFs).

Materials and Methods: In this prospective study, 39 patients (mean age, 62.2 years; 21 males, 18 females) with RCAVFs failing
due to juxta-anastomotic stenosis were randomly assigned to undergo either both DBA and PBA (n = 20, DBA group) or PBA
alone (n =19, PBA group) between June 2016 and June 2018. Primary endpoints were technical and clinical success and target
lesion primary patency (TLPP); secondary outcomes were target lesion secondary patency (TLSP) and complication rates.
Statistical analysis was performed using the Kaplan-Meier product limit estimator.

Results: Demographic data and baseline clinical characteristics were comparable between the groups. Technical and clinical
success rates were 100% in both groups. There was no significant difference between the groups in the mean duration of
TLPP (DBA group: 26.7 + 3.6 months; PBA group: 27.0 + 3.8 months; p = 0.902) and TLSP (DBA group: 37.3 + 2.6 months; PBA
group: 40.4 + 1.5 months; p = 0.585). No procedural or post-procedural complications were identified.

Conclusion: Paclitaxel-coated balloon use did not significantly improve TLPP or TLSP in the treatment of juxta-anastomotic
stenosis of dysfunctional RCAVFs.
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INTRODUCTION to other access routes (1). However, stenosis as a result of
neointimal hyperplasia remains a major concern associated
Autogenous arteriovenous fistulas (AVFs) are currently with AVF dysfunction (2-4). Radiocephalic arteriovenous
recognized as the preferred route of access for hemodialysis  fistulas (RCAVFs) are commonly the first choice for
in patients with end-stage renal disease (ESRD), as AVFs autogenous vascular access (5); studies have shown that

are associated with the lowest risk of complications, lowest  stenotic lesions occur at the juxta-anastomotic site in up to
need for intervention, and best long-term patency compared  64% of dysfunctional RCAVFs (2).
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According to the updated Kidney Disease Outcomes Quality
Initiative (KDOQI) guidelines (1), percutaneous transluminal
angioplasty (PTA) is the first choice for the treatment of
juxta-anastomotic stenosis. As the primary patency rates at
one year are relatively low with this technique, ranging from
26% to 62% (2, 3), multiple therapeutic sessions may be
needed to maintain long-term patency (6, 7).

Recently, drug-coated balloon angioplasty (DBA) has
been reported to result in superior primary patency as
compared to plain balloon angioplasty (PBA) (8-12). Drug-
coated balloons (DCBs) are usually coated with paclitaxel,
a microtubule-stabilizing drug that inhibits the vascular
smooth muscle cell migration and proliferation that
contributes to neointimal hyperplasia (13).

Currently, no consensus exists regarding the comparative
safety and efficacy of DBA and PBA. Until now, there have
been no comparative studies performed in Korea. Therefore,
in the present study, the authors sought to further
investigate the effectiveness of DBA as compared to PBA in
the treatment of dysfunctional RCAVFs in dialysis patients.

MATERIALS AND METHODS

Study Design

This was an investigator-initiated, single-center,
prospective, randomized, single-blinded, controlled
trial investigating DBA versus PBA for the treatment of
dysfunctional RCAVFs in dialysis patients. After Institutional
Review Board approval, written informed consent was
obtained from all participants prior to the commencement

Table 1. Eligibility Criteria for Patient Enrollment
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of the study. This trial was registered in one of the primary
registries in the WHO Registry Network, “Clinical Research
Information Service (CRIS), Republic of Korea” (KCT0004870).

The overall sample size was calculated on the assumption
of a 50% expected primary patency rate in the active
treatment group and a 25% rate in the reference treatment
control group at one year, on the basis of findings from a
previous randomized study (11). For the demonstration of
non-inferiority, a 15% margin of difference between the
two methods was used (a = 0.05 and statistical power set
at 0.80).

All patients referred to the study center for treatment of
a dysfunctional AVF or arteriovenous graft (AVG) between
June 2016 and June 2018 were screened for eligibility. Of
the 200 patients screened, 40 dialysis patients (21 male,
19 female; mean age, 62.2 + 11.9 years; range, 39-84
years) with dysfunctional RCAVFs who were referred for
angioplasty on the basis of well-accepted indications
according to the 2006 KDOQI recommendations (1) were
enrolled and written informed consent was obtained.
One patient in the PBA group withdrew voluntarily two
months after randomization, so a total of 39 patients were
included in the final analysis. The inclusion and exclusion
criteria are summarized in Table 1. A 1:1 randomization
was performed via sealed envelopes to determine whether
patients underwent either angioplasty with both a DCB and
PBA (n = 20, DBA group) or a PBA (n = 20, PBA group).

Procedures
All procedures were performed by board-certified

Inclusion Criteria

Malfunctioning RCAVF*

Lesions (de novo or restenosis) located at juxta-anastomotic venous site within 8 cm of anastomotic point of RCAVF

Angiographic confirmation of stenosis greater than 50% (vs. proximal reference diameter)

Ability to cross lesion with guide wire

Exclusion Criteria

Dialysis access type other than RCAVFs
Thrombosed RCAVFs
Evidence of systemic or local infection associated with RCAVF

Uncorrectable coagulopathy (despite transfusion) or hypercoagulable state
Allergy or other known contraindications to iodinated contrast media or paclitaxel

Age < 19 years
Life expectancy < 1 year

*Clinical signs of failing dialysis access: i) abnormally decreased inflow, including decreased thrill or bruit, collapsed draining veins,
increased bleeding and prolonged hemostasis time after dialysis, and progressive decrease in flow obtained with needles of same
gauge; ii) prescribed blood inflow rate < 250-300 mL/min; or iii) decreased inflow rate > 25% from baseline. RCAVF = radiocephalic
arteriovenous fistula
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interventionists with 3-15 years of angioplasty experience.
Before angioplasty, diagnostic fistulograms were obtained
using a 21-gauge scalp vein needle. After obtaining
sequential venograms of the draining outflow veins as

well as the central veins, the arteriovenous anastomosis
and juxta-anastomotic segment of the outflow vein were
highlighted using contrast agent, with the inflation of a
blood pressure cuff on the arm to occlude outflow. The
site, degree, and length of each stenosis were documented.
The target lesion (TL) was defined as stenosis in the
juxta-anastomotic venous segment within 8 cm of the
anastomotic point of the RCAVF.

Based on the fistulographic findings, the outflow vein
was punctured under local anesthesia (2% lidocaine), and a
6- or 7-F vascular sheath (Radiofocus, Terumo) was inserted
in the retrograde direction. Heparin was administered at a
dose of 2500 IU. Through this sheath, a 5-F Kumpe Catheter
(Cook Medical) and a 0.035-inch Hydrophilic Guide Wire
(Terumo) were manipulated across the identified stenosis.
The balloon size was determined according to the measured
diameter of the reference vessel. In each patient, after
dilation using a 4-mm plain balloon (Mustang, Boston
Scientific), one of two treatment strategies was followed
depending on the randomly assigned treatment group.
Lesions in the DBA group were treated with a 4-mm or 5-mm
paclitaxel-coated balloon (IN.PACT Admiral, Medtronic) and
a 6-mm plain balloon (Mustang), while lesions in the PBA
group were treated with a 6-mm plain balloon (Mustang)
alone. The balloon was maintained inflated for 2 minutes
and the procedure was repeated if necessary. An inflation
pressure as high as the manufacturer’s stated burst pressure
(14 atm for the IN.PACT Admiral DCB and 24 atm for the
Mustang balloon) was employed. If a residual stenosis of
30% or more was seen on the final angiogram, post-dilation
using a cutting balloon was performed. After removing the
introducer sheath, puncture site hemostasis was achieved
using a purse-string suture.

Study Endpoints and Follow-Up

All study endpoints were defined according to the Society
of Interventional Radiology’s reporting standards for
percutaneous interventions in dialysis access (14). Primary
endpoints were technical (anatomic) success, defined as
successful completion of the angioplasty procedure with
less than 30% residual stenosis on the final angiogram;
clinical success, defined as the performance of at least one
successful dialysis session using the RCAVF after angioplasty;
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and target lesion primary patency (TLPP), defined as the
presence of a functional dialysis circuit with no clinical
need for repeat intervention at the TL. Secondary endpoints
were complication rates; target lesion secondary patency
(TLSP), defined as patency until access was surgically re-
established or abandoned; renal transplantation; and loss
to follow-up. All follow-up was clinically driven. Unless an
earlier re-assessment was indicated, patients were clinically
evaluated every 3 months by the attending nephrologist
and vascular surgeon. If deemed necessary, an ultrasound
examination was performed, and if a hemodynamically
significant stenosis at any part of the dialysis circuit was
found to correlate with inadequate dialysis, the patient was
taken to the interventional suite for angioplasty.

Statistical Analysis

Data are expressed as mean + standard deviation or number
(n) and percentage (%) where appropriate. Continuous
variables were analyzed using Student’s t test, while
categorical variables were analyzed using the y* test or
Fisher’s exact test. Kaplan-Meier analysis with the log-rank
test was used to estimate the difference in TLPP and TLSP
rates in the DBA and PBA groups during the follow-up period.
Statistical analysis was performed using SPSS Statistics for
Windows software, version 24.0 (IBM Corp.). A p value of <
0.05 was considered to be statistically significant.

RESULTS

Patient Demographics

A flow diagram to illustrate the study protocol is provided
in Figure 1. Demographic data and baseline clinical data are
presented in Table 2. There were no significant differences
in demographics or AVF and TL characteristics between the
DBA and PBA groups.

Technical (Anatomic) Success, Clinical Success, and
Complications

Procedural outcomes in DBA and PBA groups are
presented in Table 3. Device success was achieved in 85%
(17/20) of the DBA group and 84.2% (16/19) of the PBA
group. A total of six patients (three in the DBA group and
three in the PBA group) underwent post-dilation treatment
with cutting balloons due to the persistence of stenosis
greater than 30% on post-angioplasty angiography despite
the performance of repeat angioplasty. Technical (anatomic)
and clinical success rates were 100% for both the DBA
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Assessed for eligibility (n = 200)

Enrollment

Excluded (n = 160)
* Not meeting inclusion criteria (n = 160)
- Dialysis access type other than RCAVFs

A4

(n =145)
- Non-juxta-anastomotic lesions (n = 10)
- Thrombosed RCAVF (n = 5)

‘ Randomized (n = 40)

4
DBA group (n = 20) ‘

A
Analysed (n = 20) ‘

Allocation

Follow-up

Analysis

A
‘ PBA group (n = 20)

Y

Withdrawn from study (n = 1)
Voluntary withdrawal: 1

Y
‘ Analysed (n = 19)

Fig. 1. Flowchart illustrating study protocol. DBA = drug-coated balloon angioplasty, PBA = plain balloon angioplasty, RCAVF = radiocephalic

arteriovenous fistula

and PBA groups. No major or minor procedure-related
complications occurred in either group.

Target Lesion Primary Patency

Recurrent stenosis at the TL occurred in nine patients
(46.2%) in the DBA group and nine patients (47.4%) in the
PBA group (p = 1.000). Figure 2 shows the Kaplan-Meier
analysis of TLPP rates in the DBA and PBA groups. The
TLPP rates for the DBA and PBA groups at 6, 12, 24, and
36 months after the procedure were 90.0% and 84.2% (p =
0.589), 65.0% and 68.4% (p = 0.822), 55.0% and 57.0%

(p =0.900), and 55.0% and 48.9% (p = 0.714), respectively.

The mean duration of TLPP did not significantly differ
between the groups (26.7 + 3.6 months in the DBA group
vs. 27.0 + 3.8 months in the PBA group; p = 0.902).

Target Lesion Secondary Patency

Three patients (DBA, n = 2 at 4 months and 7 months;
PBA, n =1 at 15 months) underwent surgery to recreate
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the dialysis access due to thrombosis. Two patients were
censored as a result of death (DBA, n = 1 at 20 months;
PBA, n =1 at 11 months). No deaths during the follow-up
period were related to dysfunction of the dialysis circuit.
Figure 3 shows the Kaplan-Meier analysis of the TLSP rates
of the DBA and PBA groups. The TLSP rates for the DBA
and PBA groups at 6, 12, 24, and 36 months after the
procedure were 95.0% and 100% (p = 0.589), 90.0% and
100% (p = 0.822), 90.0% and 94.1% (p = 0.900), and
90.0% and 94.1% (p = 0.714), respectively. There was no
significant difference between the groups in the mean
duration of TLSP (37.3 + 2.6 months in the DBA group vs.
40.4 + 1.5 in the PBA group; p = 0.585).

DISCUSSION

RCAVF is the first choice for autogenous AVF creation
because the distal location allows venipuncture of a larger
venous territory (15). This randomized controlled trial (RCT)
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Table 2. Demographic Characteristics of Hemodialysis Access in
DBA and PBA Groups

Characteristic DBA PBA P
(n=20) (n=19)
Age (years) 60.7 + 12.2  63.7+11.8  0.450
Sex 0.429
Male 12 (60.0) 9 (47.4)
Female 8 (40.0) 10 (52.6)
Diabetes mellitus 16 (80.0) 15 (78.9) 1.000
Age of RCAVF (months)
Mean + SD 27.3+30.7 19.1+11.1 0.325
Median (range) 17 (2-108) 13 (2-85)
Side of RCAVF 0.127
Left 13 17
Right 7 2
Stenosis type 0.695
De novo 15 (75.0) 16 (84.2)
Restenosis 5 (25.0) 3 (15.8)
Degree of TL stenosis (%) 80.0 + 6.5 80.3£8.2 0.912
TL length (cm) 3.0+ 1.5 3.4+15 0.435
Follow-up time (months)
Mean + SD 19.1 +11.1 21.7 +14.6  0.528
Median (range) 19 (3-40) 23 (2-40)

Data in parentheses are percentages. DBA = drug-coated balloon
angioplasty, PBA = plain balloon angioplasty, SD = standard
deviation, TL = target lesion

aimed to investigate the potential added value of DCBs in
patients with dysfunctional autogenous AVFs, focusing on
a specific access type to lessen heterogeneity. This RCT has
two main strengths: it is the first randomized comparative
study to evaluate the efficacy of DBA exclusively in
dysfunctional RCAVFs as opposed to other types of dialysis
access, and it has a relatively long follow-up period
compared to previously published studies (9, 10, 12, 16-20).
The present study showed that paclitaxel-coated balloons
were not superior to plain balloons for the treatment of
juxta-anastomotic stenosis of RCAVFs at 6, 12, 24, or 36
months. The TLPP rates for the DBA and PBA groups at 6,
12, 24, and 36 months after the procedure were 90.0% and
84.2% (p = 0.589), 65.0% and 68.4% (p = 0.822), 55.0%
and 57.0% (p = 0.900), and 55.0% and 48.9% (p = 0.714),
respectively. This study finding contrasts with that of Lai et
al. (10), who used a similar methodology to compare PTA
techniques; lesions were randomized such that each patient
had one lesion treated with PBA + DCB and another with
PBA alone. Unlike in the present study, a different lesion in
the same patient was used as the control (10). Lai et al. (10)
found that TLPP was significantly higher in the PBA + DCB
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Number at risk

PBA 19 16 12 11 10 7 5 0

DBA 20 18 13 11 9 4 2 0

Fig. 2. Kaplan-Meier analysis of target lesion primary patency
in DBA and PBA groups.

group than in the PBA group at 6 months (70% vs. 0%; p <
0.01), but not 12 months (20% vs. 0%; p > 0.05) after the
procedure.

To date, multiple observational and randomized controlled
studies have evaluated the use of DCBs for prolonging
patency, but caution should be taken when interpreting
the results due to clinical heterogeneity resulting from the
non-uniform level of intervention (8, 9, 11, 12, 16-30). In
a retrospective study in 2014, Patané et al. (9) presented
a case series of 26 patients who had juxta-anastomotic
radiocephalic stenosis treated using DBA. The results
appeared excellent, with TLPP rates at 6 months, 1 year,
and 2 years of 96.1%, 90.9%, and 57.8%, respectively,
and TLSP rates at 1 year and 2 years of 100% and 94.7%,
respectively. In a recent retrospective report by the same
team (28), two groups of 26 and 44 patients treated with
two different DCBs were compared with a control group
of 86 patients treated with PBA. TLPP rates at 12 months
were higher in the two DCB groups (In.Pact Amphirion,
Medtronic: 90.9%; Lutonix, BD: 86.4%) than in the PBA
group (62.8%, p = 0.002). That study is one of relatively
few to focus on the effectiveness of DCB treatment for
juxta-anastomotic stenosis of distal RCAVFs. Differences
in methodology between that study and the present
study include the use of PBA to reach an appropriate
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Fig. 3. Kaplan-Meier analysis of target lesion secondary
patency in DBA and PBA groups.

dilatation of the stenosis and the application of DCBs to
deliver paclitaxel onto the entire surface of the vessels.
In another retrospective comparative study of 26 patients
who underwent re-intervention (13 DBA vs. 13 PBA) to
treat restenosis in RCAVFs after at least one previous PTA,
Haave et al. (26) reported that DBA was associated with
significantly improved patency. After 12 and 24 months, the
estimated proportion of stenosis-free patients in the DBA
cohort was 61% and 31%, respectively, compared to 40%
and 15% in the PBA cohort. In our study, the 12-month
patency in the DBA group was very similar to that reported
by Haave et al. (26), whereas the control arm patency was
much higher. In contrast, in another two-cohort study with
26 patients in each of the DBA and PTA groups, Cildag et
al. (22) found no significant difference in the 6-month
primary patency rate (77% vs. 65%, respectively, p = 0.45),
whereas there was a significant difference in the 12-month
primary patency rate (65% vs. 35%, respectively, p < 0.05).
These results are not similar to our findings except for the
12-month primary patency in the DBA group.

In another retrospective comparative study, Lucev et
al. (24) reported that TLPP was significantly higher in
the DBA group than the PBA group at 6 months (90.3%
vs. 61.3%; p = 0.016), 12 months (77.4% vs. 29.0%; p =
0.0004), and 24 months (45.2% vs. 16.1%; p = 0.026). In
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Table 3. Procedural Outcomes in DBA and PBA Groups

. DBA PBA
Characteristics P
(n =20) (n=19)
Device success* 17 (85.0) 16 (84.2)  1.000
Post-dilation' 3(15.0) 3 (15.8)  1.000
Technical (anatomic) success 20 (100) 19 (100) 1.000
Clinical success 20 (100) 19 (100) 1.000
Recurrence 9 (45.0) 9 (47.4)  0.882
TLPP (%)
6 months 90.0 84.2 0.589
1 year 65.0 68.4 0.822
2 years 55.0 57.0 0.900
3 years 55.0 48.9 0.714
TLPP duration (months) 26.7 3.6 27.0+3.8 0.902
95% CI 19.6-33.7 19.5-34.6
TLSP (%)
6 months 95.0 100 0.305
1 year 90.0 100 0.136
2 years 90.0 94.1 0.642
3 years 90.0 94.1 0.642
TLSP duration (months) 37.3+2.6 40.4+15 0.585
95% CI 33.5-43.2 37.4-43.4
Circuit thrombosis?* 2 (10.0) 1 (5.3) 1.000
Complications 0 (0) 0 (0) 1.000

Unless otherwise indicated, data are mean + SD, and data in
parentheses are percentages. *Defined as less than 30% residual
stenosis immediately after angioplasty on intent-to-treat analysis,
Additional cutting balloon angioplasty for more than 30%
residual TL stenosis, *One at 4 months and other one at 7 months
in DBA group; one at 15 months in PBA group. CI = confidence
interval, TLPP = target lesion primary patency, TLSP = target lesion
secondary patency

a recent prospective RCT comparing DBA and PBA groups,
Irani et al. (17) reported a TLPP of 81% and 61% (p = 0.03)
at 6 months, and 51% and 34% (p = 0.04) at 12 months,
respectively. However, this RCT involved some AVGs as well
as AVFs.

Meanwhile, in a multicenter RCT, Maleux et al. (25)
demonstrated no significant difference between DBA and
PBA in terms of primary patency. At 3, 6, and 12 months,
the primary patency rates after DBA and PBA were 87.9%
and 80.7% (p = 0.43), 66.7% and 64.5% (p = 0.76), and
43.4% and 38.7% (p = 0.95), respectively.

The most recently published large, multicenter RCT to
compare DBA with PBA was conducted by Trerotola et al.
(18, 20). This study included patients with an AVF at any
location in the arm. Efficacy results were variable; TLPP was
significantly higher with DBA at 9 months (58% vs. 46%;
p = 0.02) but not at any other time point over the two-year
study period.
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In contrast to previous studies, an RCT conducted by
Bjorkman et al. (19) yielded negative results regarding
DBA; a total of 88.9% (16/18 patients) in the DBA group
experienced revascularization or occlusion within one
year, compared to 22.2% (4/18 patients) in the PBA group
(relative risk for DBA: 7.09).

It is important to note that there are conflicting results
amongst meta-analyses (31-33). One meta-analysis
published by Khawaja et al. (31) in 2016, assessing two
RCTs and four cohort studies, showed improved TLPP at six
months for DBA as opposed to PBA. However, the included
studies were clinically heterogeneous and only involved a
small number of participants. A meta-analysis published by
Kennedy et al. (33) in 2019, including both AVFs and AVGs,
reported that DBA resulted in a significant improvement
in lesion patency at 3, 6, 12, and 24 months compared to
PBA. However, a meta-analysis by Abdul Salim et al. (32)
in 2020 found no significant difference in TLPP between
DBA and PBA at 1, 3, 6, 7, 12, and 24 months across six
RCTs of AVFs. Thus, more adequately powered multicenter
randomized trials are needed in the future.

A potential reason that the present study did not
show superiority of DBA over PBA is the multifactorial
nature of juxta-anastomotic stenosis in RCAVF; stenosis
can be associated with fibromuscular hyperplasia at
the venipuncture sites, uremia, oxidative stress and
inflammation induced by ESRD, and vessel injury from
needle punctures (34-36). In addition, methodological
factors in this study such as the use of a small-diameter
DCB and the use of a plain balloon after DBA may have
affected the effectiveness of drug delivery to the vessel
wall. Arguably, however, there is still no consensus
regarding the optimal methodology for DBA.

Consistent with previous studies of DBA in dysfunctional
AVFs (20, 33), the present study showed that DBA can be
used safely to manage dysfunctional RCAVFs. Moreover,
this study offered the opportunity to explore three-year
mortality rates. No procedure-related mortality was recorded
within the three-year follow-up period. A recent review
drew attention to a possible increase in late mortality in
patients undergoing DBA for peripheral arterial disease (37).
However, the first meta-analysis investigating mortality
following DCB use in the treatment of dysfunctional dialysis
access circuits found no increased risk of all-cause mortality
following DBA as compared to PBA at short- and mid-term
follow-up (38).

This study has several limitations. First, only a small
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number of patients were enrolled at a single center,
which raises the risk of bias to the results. Second, this
was a single-blinded study, whereas it would ideally have
been double-blinded. However, the DCB has a different
appearance from that of a plain balloon and thus the
interventionists performing the index PTA could not be
blinded to the device. Theoretically, the lack of double-
blinding could have affected outcomes.

In conclusion, DCB use did not significantly improve TLPP
or TLSP in the treatment of juxta-anastomotic stenosis
of dysfunctional RCAVFs. This study is underpowered but
provides some additional evidence regarding the use of
DCBs for the treatment of dysfunctional RCAVFs. Further
studies involving a larger number of cases are required to
verify these results.
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