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ABSTRACT

Purpose: To assess whether angioplasty of hemodialysis access (HA) stenosis with a drug-coated balloon (DCB) would prevent
restenosis in comparison with plain-balloon percutaneous transluminal angioplasty (PTA).

Materials and Methods: This prospective randomized clinical trial enrolled 120 patients with dysfunctional arteriovenous fistulae
(n ¼ 109) and grafts (n ¼ 11), due to a �50% stenosis between March 2014 and April 2018. All patients underwent high-pressure
balloon angioplasty and were then randomized to either DCB (n ¼ 60) or PTA (n ¼ 60). Patients were followed-up for 1 year, and
angiography was performed 6 months after angioplasty. The primary endpoint was the late lumen loss (LLL) at 6 months. Secondary
endpoints included other angiographic parameters at 6 months and HA failures, adverse event, and mortality at 12 months. Continuous
variables were compared with a Student t-test, and Kaplan-Meier curves were used for freedom from HA failure and for mortality.

Results: LLL in the DCB and in the PTA group were 0.64 mm ± 1.20 and 1.13 mm ± 1.51, respectively (P ¼ .082, adjusted P ¼
.0498). DCB was associated with lower percentage stenosis (54.2% ± 19.3 vs 61.7% ± 18.2; P ¼ .047) and binary restenosis �50%
(56.5% vs 81.1%; P ¼ .009) than PTA. The number of HA failures after 12 months was lower for DCB than for PTA (45% vs 66.7%;
P ¼ .017). Mortality at 12 months was 10% and 8.3% in the DCB and PTA groups, respectively (P ¼ .75).

Conclusions: Despite LLL improvement that failed to reach statistical significance, this study demonstrated decreased incidence and
severity of restenosis with DCB compared with PTA to treat dysfunctional HA.

ABBREVIATIONS

AVF ¼ arteriovenous fistula, AVG ¼ arteriovenous graft, BTHC ¼ N-butyryl tri N-hexyl citrate, DCB ¼ drug-coated balloon, HA ¼
hemodialysis access, ITT ¼ intention-to-treat, LLL ¼ late lumen loss, MLD ¼ minimum lumen diameter, PTA ¼ percutaneous

transluminal angioplasty, SAE ¼ serious adverse events
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Neointimal proliferation, due to concentric focal thickening be contiguous or noncontiguous and could be treated by 2

of the vascular wall smooth muscle cells and extracellular
matrix, is the main cause of hemodialysis access (HA)
restenosis after plain-balloon percutaneous transluminal
angioplasty (PTA) (1–3). Angioplasties using drug-coated
balloons (DCB) with paclitaxel have demonstrated their
effectiveness to prevent HA restenosis in a few randomized
clinical trials (4–11). However, despite recent randomized
trials and meta-analyses, the effectiveness of DCB to pre-
vent HA restenosis is unclear (12,13).

The safety and efficacy of different DCB coatings are
influenced by the amount of drug transferred to the vessel
wall (14,15). Differences in paclitaxel dosages and excipi-
ents of DCB used in randomized trials may be responsible
for variable results (16). Here, the hypothesis was that
compared with plain PTA, DCB with paclitaxel incorporated
in a matrix of N-butyryl tri-N-hexyl citrate (BTHC) would
significantly decrease the HA restenosis rate at the treated
site. The primary objective of this study was to assess
whether angioplasty of HA stenosis with a paclitaxel-BTHC
DCB would prevent restenosis in comparison with plain
PTA.
MATERIALS AND METHODS

Study Design
This investigator-initiated and designed prospective, single-
blinded, randomized multi-center clinical trial was approved
by the Ethics Committees of all 3 participating centers. All
participants were enrolled between March 2014 and April
2018 and gave their written informed consent. This clinical
trial was registered in ClinicalTrials.gov (identifier:
NCT01928498) and followed the good clinical practice rules.
Inclusion and Exclusion Criteria
Clinical Criteria. Candidates of at least 18 years old, with
a mature or immature forearm or upper arm arteriovenous
fistula (AVF) at least 3 months old and arteriovenous graft
(AVG) at least 1 month old were included if they had a
dysfunctional HA according to Guideline 4 of the National
Kidney Foundation’s Dialysis Outcomes Quality Initiative
clinical practice guidelines (17). Patients were excluded if
they were pregnant, were enrolled in another protocol, had
an HA intervention within the past 30 days, or had a life
expectancy of fewer than 12 months.

Angiographic Criteria. Recurrent or de novo stenoses
from fewer than 2 cm upstream of the arterial anastomosis
(including the juxtaanastomotic stenoses, arteriovenous
anastomosis, and 2 cm of the arterial inflow above the
arteriovenous anastomosis) to the superior vena cava,
measuring no more than 5 cm in length and at least 50% in
luminal diameter with a reference vessel diameter between 4
and 7 mm (maximum DCB diameter available) were
included. Patients who had 2 or more lesions, which could
DCBs with or without overlap, could be included. When
there was more than 1 lesion treated, both were taken as
target lesions, and reported angiographic measurements
were the average of the lesions. Thrombosed HAs were
excluded.
Screening and Enrollment
Patients were referred by their nephrologists because they
had clinical or hemodynamic findings suggestive of HA
stenosis. Those who met the clinical inclusion criteria were
enrolled and underwent HA angiography followed by a
high-pressure balloon PTA when at least 50% stenosis was
found. Following the PTA of the fistula stenosis, those who
met the angiographic inclusion criteria were randomized to
either treatment group.
Intervention
HA angiographies were performed from a retrograde
brachial artery access under local anesthesia. The brachial
artery was punctured under ultrasound guidance with a
micropuncture set. Either the 4-F catheter or its dilator was
inserted into the brachial artery. A retrograde approach was
used for all patients, despite the site of the lesion, as this
arterial access only served for diagnostic purposes. Angi-
ographies were performed in the anterior-posterior view.
Supplementary oblique views were performed as needed to
overcome some superpositions of portions of vessels or to
better demonstrate a stenosis. PTAs were performed from an
antegrade or retrograde access of the venous side of the HA
through a 6-F sheath by interventional radiologists (E.T.,
V.C., P.G., M.-F.G., P.P., L.B., V.L.O., M.F., and G.S.) with
4–27 years of experience. PTAs were performed with non-
compliant high-pressure balloons of equal diameter or 1 mm
larger than the target lesion reference diameter. Balloons
were inflated until there was no residual waist and kept
inflated for 60 seconds. After PTA, patients were randomly
assigned for a second angioplasty using either a DCB or a
plain PTA balloon. Randomization was done after the high-
pressure angioplasty to prevent any bias due to the knowl-
edge of the randomization group. Patients were not excluded
after high-pressure angioplasty, regardless of the angio-
graphic results.
DCB Group. The DCB (Passeo-18 Lux, Biotronik AG,
Buelach, Switzerland) was inflated for 60 seconds, at the
same site as the high-pressure balloon, at its nominal
pressure. The DCB diameter was the same as the high-
pressure balloon, and its length was either similar or
longer to treat beyond the original site of PTA.
Plain PTA Group. The same technique was used as in the
DCB group except that there was no drug on the balloon
(Passeo-18, Biotronik AG, Buelach, Switzerland).

http://ClinicalTrials.gov
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Randomization and Masking
Treatment allocation was determined in a 1:1 ratio by
blocked randomization, with block sizes of 2 or 4 generated
electronically in 6 strata, (combination of 3 study centers
and 2 types of HA: AVF or AVG). Due to temporary
shortage of DCB availability early during the trial, the
randomization list was modified for 16 patients to allow for
continued enrollment. For these cases, based only on the
availability of balloon catheter sizes, the research assistant
interchanged the randomization list the day before the
intervention. The research assistant verified whether all
DCB and PTA balloon sizes were available. If there were
missing sizes in 1 group while all sizes were available in the
other group, the patient was assigned to the group with a
complete set of balloons. Modifications were random with
no link to the patient status, and only the research assistant
was aware of group attribution. Hence, it could be consid-
ered that, for these patients, the randomization list was
changed for another one, and that these modifications should
not generate a bias that could affect the result of the study.
Three patients randomized to the plain PTA group were
treated with DCB because of a misunderstanding of the
envelope content by the operator. These patients were kept
in the plain PTA group according to the intention-to-treat
principle. The study was single-blinded; only the radiolo-
gist performing the intervention knew the patients’ assigned
group. The patients, referring nephrologists, and angio-
graphic corelab were blinded to the study group, which was
not disclosed in the procedure report and medical chart.
Adverse outcomes were adjudicated by the nephrologists
caring for the patient without the knowledge of the treatment
group.
Angiography Assessment
All patients were asked to return for a follow-up angiog-
raphy 6 months after PTA, or earlier in patients with
recurrent HA dysfunction (intercurrent angiography).
Reinterventions were performed only in patients who had
both HA dysfunction and angiographic stenoses of at least
50%. If there was no reintervention at the treated site
during the intercurrent angiography, the 6-month control
angiography was performed as originally scheduled. An-
giograms were analyzed quantitatively by an independent
core laboratory (Montreal Heart Institute, Montreal, Can-
ada), using edge-detection techniques with a computer-
assisted method developed by Clinical Measurements
Solutions v7.2 (Medical Imaging System, Leiden,
Netherlands).
HA Flow Assessment
HA flow was measured by the saline ultrasound dilution
technique (Transonic) measurement according to the local
surveillance protocol of each dialysis unit. Participating
centers were encouraged to monitor HA every 3 months for
12 months after HA intervention.
Clinical Follow-up
Patients had a telephone interview at 3, 9, and 12 months
and hospital follow-up examination with DSA at 6 months.
On January 17, 2019, while study enrollment was closed,
the Food and Drug Administration issued an alert warning
of possible increased mortality associated with the use of
drug-coated balloons or stents (18) based on a meta-analysis
(19). The protocol was therefore amended to further assess
patient mortality as of July 16, 2019. No antiplatelet
regimen was required because of the study protocol. Patients
were referred for an HA angiography by the referring
nephrologist if an HA lesion was suspected according to the
current surveillance strategy in each participating dialysis
units and according to the National Kidney Foundation’s
Dialysis Outcomes Quality Initiative guidelines (17).
Endpoints
Angiographic Endpoints. The prespecified primary ef-
ficacy endpoint was the adjusted late lumen loss (LLL) at 6
months. LLL adjustment was prespecified for stratification
variables (study center and HA type, AVF or AVG) and
clinically important imbalanced variables at baseline. Sec-
ondary target lesion angiographic endpoints were the per-
centage of diameter stenosis, the binary restenosis rate (�
50%) and the minimum lumen diameter (MLD) 6 months
after PTA.

HA Flow Endpoints. The secondary endpoints were the
HA flow at 3, 6, 9, and 12 months after HA intervention.

Clinical Endpoints. Secondary clinical efficacy endpoints
were the HA failure rates due to the access circuit and HA
failure rate due to the target lesion. HA failure was a com-
posite endpoint of (a) HA thrombosis, (b) HA reintervention
(including creation of a new HA), or (c) dialysis catheter
insertion within 12 months. Unlike HA failure due to target
lesion, HA failure due to circuit lesion ended with any
reintervention on the HA, regardless of lesion location. The
secondary safety endpoints were mortality and serious
adverse events (SAE) within 12 months. SAE were calcu-
lated with and without those involving the HA circuit, such
as dysfunctions that required HA reinterventions or dialysis
catheter insertion. Additionally, mortality was assessed as of
July 16, 2019 as an exploratory analysis.
Statistical Analysis
The sample size was calculated to ensure at least 80% power
to detect the mean between-group difference in LLL at 6
months as 16% of the mean reference vessel diameter using
2-sided independent-groups Student t-test with 5% level of
significance. Calculations assumed a mean LLL of 1.7 mm
in controls versus 0.9 mm in the DCB group, with standard
deviation ¼ 1.5 mm and 2 equally sized groups. After ac-
counting for 10% attrition, N ¼ 120 subjects would need to
be recruited (ie, 60 subjects per group).



Figure 1. Flowchart of patients enrolled in the study. DEB ¼ drug-eluting balloon; FU ¼ follow-up; PTA ¼ percutaneous transluminal

angioplasty.
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All analyses were prespecified, except patient mortality as
of July 16, 2019, which required protocol amendment, and
the stratified curves of freedom from HA failure due to the
target lesion and due to the hemodialysis circuit at 12
months, which are exploratory analyses. The patient base-
lines and clinical characteristics between the 2 study groups
were compared using Pearson chi-square and Student t-test
for categorical and continuous variables, respectively. The
Wilk-Shapiro test was performed to assess for normality.
Logarithmic transformation was applied to HA flow to
ensure an approximately normal distribution.

For efficacy endpoints, continuous variables of the DCB
and plain PTA groups were compared with Student t-test,
whereas logistic regression was performed to compare the
binary restenosis rate (�50%). For angiographic endpoints,
in the case of reintervention before the planned date, the last
observation from the intervening angiography was carried
forward as the 6-month follow-up. The multivariable linear
model for the LLL outcome was performed to adjust the
effect of DCB for stratification variables (study center and
type of HA: AVF or AVG) and clinically important imbal-
anced variables at baseline.

The HA flow measurements were analyzed using a
repeated measure analysis of variance model, including
terms for the group, the scheduled visit time point (cate-
gorical variable), and the group-by-visit interaction.

The univariate Cox proportional hazards model was
assessed using the composite HA failure endpoint defined
above, with the related time to the earliest (if any) of these
events. Freedom from HA failure was calculated by Kaplan-
Meier analysis.

For safety endpoints, the mortality rate at follow-up was
assessed with time-to-event analysis, as described above.
The average numbers of SAE per patient in each study
group were compared using Student t-test.

For all endpoints, the interactions between the study
group and type of HA (AVF or AVG) were tested at a sig-
nificance level of 0.15. The analysis of all outcomes was by
intention-to-treat (ITT) for patients who completed the
study. Sensitivity analyses were conducted for patients who
completed the treatment that they actually received (as
treated). All tests were conducted at a 2-sided significance
level of 0.05. SAS 9.4 and R 3.6.3 statistical software were
used for all calculations.
RESULTS

Among the 175 patients enrolled, 55 were excluded and 120
were randomized: 60 to the DCB group and 60 to the plain
PTA group (Fig 1).

Demographic and clinical characteristics of patients at
baseline are listed in Table 1, while procedural and
angiographic characteristics at baseline and at the end of
the index procedures are shown in Table 2. There were no
significant differences in the baseline characteristics of
patients in both groups, except for a larger proportion of
patients who had 2 lesions treated in the DCB group (20%
vs 6.7% in the plain PTA group; P ¼ .03).



Table 1. Demographic and Clinical Characteristics of Patients

at Baseline

Characteristic DCB

N ¼ 60

Plain PTA

N ¼ 60

P

value

Age, y 63.5 ±
12.6

66.6 ±
12.6

.173

Male 83.3 (50) 83.3 (50) >.99

Risk factors

Dyslipidemia 65.0 (39) 65.0 (39) >.99

Coronary artery disease 51.7 (31) 41.7 (25) .272

Diabetes mellitus 61.7 (37) 71.7 (43) .245

Hypertension 86.7 (52) 81.7 (49) .454

Current smoker 10.0 (6) 15.0 (9) .408

Peripheral arterial disease 18.3 (11) 18.3 (11) >.99

Hepatic disease 5.0 (3) 11.7 (7) .186

Chronic obstructive pulmonary

disease

18.3 (11) 8.3 (5) .107

Hemodialysis access anastomosis

Radiocephalic 61.7 (37) 60.0 (36) .956

Brachiocephalic 30.0 (18) 33.3 (20) -

Brachiobasilic 5.0 (3) 3.3 (2) -

Other vessels 3.3 (2) 3.3 (2) -

Nature of hemodialysis access

Arteriovenous fistulae 90.0 (54) 91.7 (55) .752

Arteriovenous grafts 10.0 (6) 8.3 (5) -

De novo lesion 64.4 (38) 65.0 (39) .946

Hemodialysis access age, years 2.58 ±
3.62

2.58 ±
2.42

>.99

Side of stenosis-Left 70 (42) 76.7 (46) .409

Site of stenoses

Forearm, cephalic vein 50.0 (30) 53.3 (32) .498

Forearm, cubital vein 1.7 (1) 0.0 (0) -

Arm, axillary vein 0.0 (0) 1.7 (1) -

Arm, basilic vein 8.3 (5) 3.3 (2) -

Arm, cephalic vein 40.0 (24) 41.7 (25) -

Clinical criteria for access

dysfunction

Decrease blood flow 45

(75.0%)

40

(66.7%)

.315

Elevated venous pressure 0 (0.0%) 2 (3.3%) .154

Elevated access recirculation 12

(20.0%)

6 (10.0%) .125

Dialysis inadequacy 0 (0.0%) 1 (1.7%) .315

Abnormal duplex ultrasound 16

(26.7%)

10

(16.7%)

.184

Persistent extremity swelling 1 (1.7%) 2 (3.3%) .559

Prolonged bleeding 4 (6.7%) 5 (8.3%) .729

Altered pulse or thrill 3 (5.0%) 4 (6.7%) .697

Presence of collateral veins 0 (0.0%) 1 (1.7%) .315

Needling difficulties 8 (13.3%) 12

(20.0%)

.327

Immature Fistula 1 (1.7%) 3 (5.0%) .309

Medication at baseline

Antiplatelet 58.3 (35) 55.0 (33) .713

Anticoagulant 13.3 (8) 16.7 (10) .619

Note–Values are mean ± standard deviation or % (n).

DCB ¼ drug-coated balloon; PTA ¼ percutaneous transluminal

angioplasty.

Table 2. Procedural and Angiographic Characteristics at

Baseline and at the End of the Index Procedures

Characteristic DCB

N ¼ 60

Plain PTA

N ¼ 60

P

value

Number of stenoses treated

1 80.0 (48) 93.3 (56) .032

2 20.0 (12) 6.7 (4) -

Baseline lesion measurements

% stenosis 66.5 ± 9.37 67.0 ± 9.67 .768

Minimum lumen diameter,

mm

2.27 ± 0.82 2.20 ± 0.79 .617

Reference vessel diameter,

mm

6.72 ± 1.35 6.66 ± 1.41 .808

Lesion length, mm 30.2 ± 17.9 31.8 ± 20.0 .644

High-pressure angioplasty

Balloon length, mm 44.9 ± 2.87 44.3 ± 13.2 .807

Balloon diameter, mm 5.80 ± 0.95 5.73 ± 0.99 .674

Balloon inflation pressure,

atm

19.18 ± 4.31 19.28 ± 5.00 .914

Low pressure angioplasty

Balloon length, mm 51.7 ± 17.8 49.3 ± 16.7 .460

Balloon diameter, mm 5.80 ± 0.90 5.74 ± 1.02 .741

Balloon inflation pressure,

atm

9.40 ± 3.24 10.4 ± 3.42 .106

Stenosis after angioplasty, % 39.3 ± 11.9 39.8 ± 12.7 .819

Minimum lumen diameter

after dilatation, mm

4.00 ± 0.92 3.96 ± 0.99 .794

Stent insertion 5.0 (3) 3.3 (2) .648

Note–Values are mean ± standard deviaiton or % (n).

DCB ¼ drug-coated balloon; PTA ¼ percutaneous transluminal

angioplasty.
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Angiographic Endpoints
Follow-up angiography was available in 78.3% (47 of 60)
and 88.3% (53 of 60) patients in the DCB and plain PTA
groups, respectively. In 1 patient in the DCB group, the
corelab considered the angiography uninterpretable. In 2
patients in the plain PTA group, the scaling marker was
absent, and measurements in mm (MLD and LLL) could not
be measured, but percentage and binary restenosis could be
assessed.

Angiographic outcomes are presented in Table 3.
Intercurrent angiographies were significantly less frequent
in the DCB than in the plain PTA group (21.3% [10 of
47] vs 49.1% [26 of 53]; P ¼ .004). Nonadjusted LLL
was not significantly smaller in the DCB than in the plain
PTA group (0.64 mm ± 1.20 vs 1.13 mm ± 1.51; P ¼
.082). As treated analysis yielded similar results (P ¼
.083). After prespecified (at the time of trial design)
adjustment for participating centers, type of HA (AVF vs
AVG), and the number of lesions treated (the only
imbalanced variable at baseline), the LLL difference was
0.58 mm (95% confidence interval [CI], �1.15 vs 0.00
mm; P ¼ .0498). Multivariable linear model for LLL is
provided in Table E1 (available online on the article’s
Supplemental Material page at www.jvir.org).

http://www.jvir.org/


Table 3. Quantitative Angiographic Outcomes after Angioplasty and at 6-Month Follow-Up

Outcome DCB Plain PTA P value ITT P value

As treated

Patients with follow-up angiography n ¼ 47 n ¼ 53

Intercurrent 21.3 (10) 49.1 (26) .004 .006

6-month follow-up 78.7 (37) 50.9 (27) -

Minimum lumen diameter, mm n ¼ 46 n ¼ 51

After angioplasty 3.97 ± 1.00 3.95 ± 0.99 .936 .921

At intercurrent angiography 1.39 ± 1.20 1.84 ± 1.85 .293 .293

At 6 months angiography 3.81 ± 1.16 3.70 ± 1.51 .751 .990

At intercurrent or 6 months angiography* 3.34 ± 1.51 2.83 ± 1.60 .113 .142

Late lumen loss, mm

At intercurrent angiography 1.74 ±1.20 2.02 ± 1.23 .554 .554

At 6 months angiography 0.37 ± 1.06 0.37 ± 1.31 .995 .900

At intercurrent or 6 months 0.64 ± 1.20 1.13 ± 1.51 .082 .083

Stenosis, % of lumen diameter n ¼ 46 n ¼ 53

After angioplasty 40.4 ± 12.1 40.7 ± 12.7 .927 .968

At intercurrent angiography 75.8 ± 20.4 70.4 ± 14.7 .399 .474

Change 31.8 ± 20.8 32.0± 20.9 .975 .912

At 6 months angiography 48.9 ± 15.1 53.4 ± 17.4 .278 .414

Change 9.35 ± 14.9 10.6 ± 16.3 .762 .936

At intercurrent or 6 months angiography* 54.2 ± 19.3 61.7 ± 18.2 .047 .076

Change 13.7 ± 18.3 21.1 ± 21.5 .072 .100

Binary restenosis rate n ¼ 46 n ¼ 53

After angioplasty 21.7 (10) 17.0 (9) .549 .687

At intercurrent angiography 88.9% (8) 92.3% (24) .752 .847

At 6 months angiography 48.6% (18) 70.4% (19) .082 .126

At intercurrent or 6 months 56.5% (26) 81.1% (43) .008 .019

Note–Values are mean ± standard deviation or % (n).

DCB ¼ drug-coated balloon; ITT ¼ intention-to-treat; PTA ¼ percutaneous transluminal angioplasty.

Table 4. Hemodialysis Flow at Follow-Up

Outcome DCB Plain PTA LSM Ratio (95% confidence interval) P Value* ITT P Value

As treated

Hemodialysis flow, mL/min

At 3 mo n ¼ 32

865 ± 602

n ¼ 33

608 ± 275

1.370 (1.05; 1.79) .020 .039

At 6 mo n ¼ 25

931 ± 667

n ¼ 16

774 ± 349

1.258 (0.92; 1.72) .151 .211

At 9 mo n ¼ 21

935 ± 509

n ¼ 11

882 ± 483

1.239 (0.90; 1.70) .183 .249

At 12 mo n ¼ 15

1091 ± 541

n ¼ 12

763 ± 429

1.567 (1.15; 2.13) .005 .009

Notes–Values are mean ± standard deviation; n ¼ number of patients.

DCB ¼ drug-coated balloon; ITT ¼ intention-to-treat; LSM ¼ least squared means; PTA ¼ percutaneous transluminal angioplasty.

*LSM ratio is presented since log transformation was used. Linear model was applied on log-transformed values.
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The mean percentage of restenosis was significantly
lower in the DCB (54.2%) than in the plain PTA (61.7%;
P ¼ .047) groups, but the difference after angioplasty and at
the 6-month follow-up was not significantly different be-
tween the DCB (13.7%) and the plain PTA (21.1%; P ¼
.072) groups. The rate of binary restenosis was significantly
lower in the DCB group (56.5%) than in the plain PTA
group (81.1%; P ¼ .008).

HA Flow
HA flow measurements at follow-up are reported in Table 4.
Due to variability in HA flow monitoring in the referral



Table 5. Clinical Events at 12 Months after Hemodialysis Access Angioplasty

Outcome DCB

N ¼ 60

Plain PTA

N ¼ 60

P Value ITT P Value As treated

Hemodialysis access failure

Target lesion access failure 33.3 (20) 61.7 (37) .002 .001

Circuit access failure 45.0 (27) 66.7 (40) .017 .008

Percutaneous revascularization 41.7 (25) 60.0 (36) .068 .028

Hemodialysis catheter insertion 0.0 (0) 6.7 (4) .042 .033

Surgical revision/new fistula 3.4 (2) 1.7 (1) .549 .609

Hemodialysis access thrombosis 6.7 (4) 10.0 (6) .509 .408

Time to target lesion access failure, days* 294 (264,323) 218 (186,250) .001 .001

Time to circuit access failure, days* 267 (235,299) 209 (178,240) .011 .009

Adverse events related to the hemodialysis access

Number of device-related AE or SAE 0.0 0.0 >.99 >.99

Number of AE per patient (excluding SAE) 0.87 ± 1.14 1.28 ± 1.39 .076 .070

Number of SAE per patient 0.77 ± 1.05 1.18 ±1.21 .046 .069

Number of AE per patient (including. SAE) 1.63 ± 2.07 2.47 ± 2.35 .042 .049

At least 1 AE (excluding SAE) 48.3 (29) 66.7 (40) .042 .021

At least 1 SAE 45.0 (27) 66.7 (40) .017 .008

At least 1 AE (including SAE) 53.3 (32) 75.0 (45) .013 .005

Adverse events not related to the hemodialysis access

Number of AE per patient (excluding SAE) 0.20 ± 0.51 0.13 ± 0.34 .405 .297

Number of SAE per patient 0.57 ± 0.98 0.43 ± 0.87 .433 .492

Number of AE per patient (including SAE) 0.77 ± 1.23 0.57 ± 0.96 .323 .322

At least 1 AE (excluding SAE) 15.0 (9) 13.3 (8) .794 .573

At least 1 SAE 31.7 (19) 28.3 (17) .690 .661

At least 1 AE (including SAE) 40.0 (24) 35.0 (21) .572 .604

Mortality

Deaths at 1-year follow-up 10.0 (6) 8.3 (5) .751 .437

Cardiovascular death 83.3 (5) 60.0 (3) .179 .105

Non-cardiovascular 0.0 (0) 40.0 (2) -

Unknown 16.7 (1) 0.0 (0) -

Deaths up to July 16, 2019 36.7 (22) 28.3 (17) .327 .310

Cardiovascular death 31.8 (7) 47.1 (8) .590 .803

Non-cardiovascular 50.0 (11) 35.3 (6) -

Unknown 18.2 (4) 17.6 (3) -

Note–Values are mean ± standard deviation or % (n).

AE ¼ adverse event; DCB ¼ drug-coated balloon; ITT ¼ intention-to-treat; PTA ¼ percutaneous transluminal angioplasty; SAE ¼
serious adverse event.

*Mean estimate (95% confidence interval).
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centers participating to this study and to the important
number of patients with HA reinterventions, the number
of missing values exceeded 50% after 3 months. However,
HA flow was significantly higher in the DCB than in the
plain PTA group at 3 months (865 mL/min vs 608 mL/
min; P ¼ .02) and at 12 months (1,091 mL/min vs 763
mL/min; P ¼ .0049), but not at 6 and 9 months.
Clinical Endpoints
In the DCB group, 11 patients were considered censored
for HA failure assessment before the 12-month follow-up
examination because of death (6 patients), kidney
transplant/renal recovery (3 patients), consent withdrawal
(1 patient), and lost to follow-up (1 patient). In the plain
PTA group, 15 patients were censored for HA failure
assessment before the 12-month follow-up examination
because of death (5 patients), kidney transplant (4 pa-
tients), consent withdrawal (3 patients), and lost to follow-
up (3 patients).

Both HA circuit and HA target lesion failures were
significantly less frequent in the DCB than in the plain PTA
group (circuit access failure, 45.0 vs 66.7; P ¼ .017; target
lesion failures: 33.3 vs 61.7; P ¼ .002) (Table 5). Most HA
failures were due to target lesion revascularization in both
groups.

At one-year follow-up, freedom from HA circuit failure
was significantly better for the DCB (49.9%) than for the



Figure 3. Kaplan-Meier survival curves of freedom from he-

modialysis access failure due to the target lesion at 12 months.

The blue line shows 62.6% patency rate for the DCB group at 365

days, and the red line shows the significantly lower 35.2% rate

for the plain PTA group (P ¼ .001). SEs are <10% at all time

points for both groups. As treated analysis also showed similar

results (P ¼ .001). DEB ¼ drug eluting balloon.

Figure 4. Kaplan-Meier survival curves of patients enrolled in

the study until July 16, 2019. show no significant difference be-

tween DCB (blue line) and plain balloon angioplasty (red line)

(52.1 vs 62.9%; P ¼ .325). SEs are <10% at all time points for both

groups. As treated analysis also showed similar results

(P ¼ .307). DEB ¼ drug eluting balloon.

Figure 2. Kaplan-Meier survival curves of freedom from he-

modialysis access failure due to the hemodialysis circuit at 12

months. The blue line shows 49.9% patency rate for the DCB

group at 365 days, and the red line shows the significantly lower

30.3% rate for the plain PTA group (P ¼ .016). SEs are <10% at all

time points for both groups. As treated analysis also showed

similar results (P ¼ .012). DEB ¼ drug eluting balloon
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plain PTA group (30.3%, P ¼ .016) (Fig 2). Cox model
hazard ratio for HA circuit failure was 0.55 (95% CI;
0.34–0.90; P ¼ .017) for ITT analysis and 0.54 (95% CI;
0.33, 0.88; P ¼ .0133) for as treated analysis.

Freedom from HA target lesion failure was also signifi-
cantly better for the DCB (62.6%) than for the plain PTA
group (35.2%; P ¼ .0014) (Fig 3). Cox model hazard ratio
for HA target lesion failure was 0.42 (95% CI; 0.24–0.73;
P ¼ .0019) for ITT analysis and 0.42 (95% CI; 0.24–0.72;
P ¼ .0017) for as treated analysis.
Stratified curves of freedom from HA failure due to the
target lesion and due to the hemodialysis circuit at 12
months are provided, respectively, in Fig E1 and E2 for
AVF and in Fig E3 and E4 for AVG (available online on
the article’s Supplemental Material page at www.jvir.org).
For AVF, freedom from HA target lesion failure and from
HA circuit failure remained significantly better for the DCB
than for the plain PTA group. For AVG, there were no
significant difference between treatment groups, but the
small number of AVG limits the statistical power of the
analyses.
Safety and Mortality
Adverse events and mortality at the 12-month follow-up
examination are summarized in Table 5. There was no
device-related adverse event. The number of patients with
at least 1 HA-related adverse event and the number of pa-
tients with at least 1 HA-related SAE were significantly
lower in the DCB than in the plain PTA group (53.3% vs
75.0%; P ¼ .013 and 45.0% vs 66.7%; P ¼ .017, respec-
tively). This was mainly due to a lower number of reinter-
ventions in the DCB group. There was no significant
difference in adverse events between groups after excluding
those related to the HA circuit.

The number of deaths was not significantly different
between the groups at 12 months follow-up and until July
16, 2019 (median follow-up ¼ 1,103 days; range ¼ 365–
1,923 days). As treated analysis demonstrated similar re-
sults at 12 months and until July 16, 2019 (P ¼ .31). There
was no significant difference in survival between the DCB
and the plain PTA groups, both at 12 months (90% vs
92%; P ¼ .75) and until July 16, 2019 (52% vs 63%;
P ¼ .33) (Fig 4).

http://www.jvir.org/
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DISCUSSION

This study demonstrated nonsignificant improvements of
LLL (the primary endpoint), and no significant improve-
ment of MLD or percentage stenosis change at 6 months in
the DCB group.

Despite mixed angiographic results, this study clearly
shows the clinical benefit of DCB to prevent HA failure
after angioplasty. Both HA circuit and HA target lesion
failures were significantly reduced in the DCB group.
Furthermore, HA failures also appeared later in the DCB
group, resulting in a significantly better freedom from HA
circuit and HA target lesion failure. The effect of DCB to
prevent HA failure due to the target lesion was important
enough that, despite the appearance of new lesions outside
of the treated zone in both treatment groups, circuit patency
was also significantly improved in the DCB group. HA flow
at follow-up was also higher in the DCB group, although the
increasing number of missing values with time limits the
interpretation of these results.

Previous randomized trials yielded various conclusions.
Four studies with the IN.PACT Admiral (Medtronic, Min-
neapolis, Minnesota), enrolling 40 patients (8) 128 patients
(5), 119 patients (9), and 330 patients (20) reported clinical
benefits of using DCB. However, while using the same
DCB, 1 study enrolling 64 patients reported no significant
benefit (10), and another study enrolling 39 patients (7)
reported a worse outcome in the DCB group. The only
randomized study with the Lutonix 035 DCB Catheter
(Lutonix, Maple Grove, Minnesota), enrolling 285 patients,
initially reported a better target lesion primary patency at
210 days in the DCB group (11). However, in a longer
follow-up report of the same study, target lesion primary
patency was only modestly improved at 9 months (58% vs
46%; P ¼ .02) and 12 months (44% vs 36%; P ¼ .04) while
circuit patency was not significantly better (6). Meta-
analyses of randomized studies evaluating the use of DCB
in dialysis fistulae also provided controversial conclusions
on the efficacy of these balloons in HA (12,13). However,
these meta-analyses did not include the positive results of
the large, recently published, IN.PACT AVAccess trial (20)
or those of the present study.

The fewer adverse events in the DCB group was mainly
due to a reduced need for reinterventions compared with the
plain PTA group. In addition to previous studies using DCB
in HA, the present study did not demonstrate a significant
increase in mortality in the DCB group. However, the only
study besides the present study to report mortality data
beyond 1 year after the intervention also reported higher
mortality in the DCB than in the plain PTA group at 2 years
(33 of 141, 23% vs 26 of 144, 18%; P ¼ .27) (6).

This study has limitations. The “last observation carried
forward” imputation of the angiographic endpoints may
have biased the results in favor of the plain PTA group.
When a reintervention needed to be performed before the
scheduled 6-month follow-up examination, the angiographic
results were reported as if they had occurred at 6 months,
therefore preventing assessment of further deterioration and
not accounting for the earlier appearance of the restenosis.
Given the important number of intercurrent interventions
and that the number of intercurrent angiographies was more
than twice as frequent in the plain PTA group than in the
DCB group (49.1% vs 21.3%), the study design certainly
favored the plain PTA group over the DCB group (21). The
difficulty in assessing dialysis fistula with quantitative
angiography must also be recognized. Contrary to coronary
and peripheral arteries, dialysis fistulae are frequently
tortuous, present large variability in diameter with aneu-
rysmal portions alternating with normal segments, and often
present superposition that hamper angiographic measure-
ments. Less precise angiographic assessments could have
contributed to the negative findings, despite clear differ-
ences in clinical outcome. Second, the limited sample size
does not allow for subgroup analyses. Third, it was
impossible to blind the interventionist to the treatment
group, and this could have introduced a bias in the way the
operator performed HA angioplasty. Finally, given that the
maximal Passeo-18 Lux diameter was 7 mm, the effec-
tiveness of DCB on larger diameter dialysis fistulae cannot
be assessed.

In conclusion, despite nonsignificant LLL improvement,
this study clearly shows that DCB with paclitaxel incorpo-
rated in a BTHC matrix is effective in preventing both HA
circuit and HA target lesion failure 12 months after angio-
plasty. DCB was also associated with a lower adverse event
rate at follow-up examination, mainly due to lower needs for
reinterventions.
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Fig E1. Kaplan-Meier survival curves of freedom from hemo-

dialysis access failure due to the target lesion at 12 months for

arteriovenous fistulae. The blue line shows 64.3% patency rate

for the DCB group at 365 days, and the red line shows a signif-

icantly lower rate (36.4%) for the plain PTA group (P ¼ .002).

Treated analysis also showed similar results (P ¼ .001). DEB ¼
drug eluting balloon.

Fig E2. Kaplan–Meier survival curves of freedom from hemo-

dialysis access failure due to the hemodialysis circuit at 12

months for arteriovenous fistulae. The blue line shows a 54.2%

patency rate for the DCB group at 365 days, and the red line

shows a significantly lower rate (32.4%) for the plain PTA group

(P ¼ .009). Treated analysis also showed similar results (P ¼
.004). DEB ¼ drug eluting balloon.

Fig E3. Kaplan-Meier survival curves of freedom from hemo-

dialysis access failure due to the target lesion at 12 months for

arteriovenous graft. The blue line shows a 50.0% patency rate for

the DCB group at 365 days, and the red line shows a 0.0% rate for

the plain PTA group (P ¼ .498). The treated analysis also showed

similar results (P ¼ .721). DEB ¼ drug eluting balloon.

Fig E4. Kaplan-Meier survival curves of freedom from hemo-

dialysis access failure due to the hemodialysis circuit at 12

months for arteriovenous graft. The blue line shows a 16.7%

patency rate for the DCB group at 274 days, and the red line

shows a 0.0% rate for the plain PTA group at 299 days (P ¼ .858).

The treated analysis also showed similar results (P ¼ .959). DEB

¼ drug eluting balloon.
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Table E1. Multiple Linear Regression for Late Lumen Loss at 6-Month Follow-Up.

Per protocol As treated

Coefficient (95% CI) P value Coefficient (95% CI) P value

Study group

DEB -0.58 (-1.15; 0.00) .0498 -0.57 (-1.15; 0.00) .0509

Plain 0 0

Study center

Center #1 -0.20 (-1.06; 0.67) .6540 -0.21 (-1.07; 0.66) .6371

Center #2 0.06 (-0.68; 0.81) .8665 0.06 (-0.69; 0.80) .8841

Center #3 0 0

Fistula type

AVG 1.27 (0.09; 2.45) .0349 1.26 (0.08; 2.43) .0362

AVF 0 0

Number of stenoses treated

2 -0.24 (-1.05; 0.57) .5610 -0.25 (-1.06; 0.56) .5466

1 0 0

AVF ¼ arteriovenous fistula; AVG ¼ arteriovenous graft; CI ¼ confidence interval; DEB ¼ drug eluting balloon.
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