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ABSTRACT
Introduction: Arteriovanous (AV) access failure is one of the main problems in patients with end
stage renal disease (ESRD), who receive hemodialysis. Balloon angioplasty is a favorable method
for managing vascular access failure. The purpose of this study was to compare the six-month ef-
ficacy of paclitaxel-eluting balloon and plain balloon angioplasty in failed AV access cases among
hemodialysis patients. Methods: In this quasi-experimental study (http://en.irct.ir/trial/35333), 50
hemodialysis patients with failure of AV access (stenosis > 50%), who were candidates for angio-
plasty, were included. Theywere divided to receive either paclitaxel-eluting balloon (25 patients) or
plain balloon (25 patients) angioplasty. Patientswere followed up for sixmonthswith color Doppler
ultrasonography and clinical examination for the hemodynamic success rate of angioplasty. Re-
sults: After six months, 19 patients (76%) in paclitaxel-eluting balloon angioplasty group achieved
hemodynamic success, which was significantly higher than plain balloon angioplasty group (13
patients, 52%) (P = 0.012). Age, gender, diabetes mellitus, hypertension, and location of AVF (snuff
box, forearm, and antecubital fossa) did not associatewith hemodynamic success rate in any group.
Conclusion: The use of angioplasty with paclitaxel-eluting balloon was superior to plain balloon
angioplasty for failed AV access cases in hemodialysis patients. It is recommended to use paclitaxel-
eluting balloon angioplasty in patients with failure of AV access and requirement for balloon angio-
plasty.
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INTRODUCTION
Arteriovenous (AV) access is one of the best and least
complicated vascular access methods in hemodialy-
sis patients. In comparison to other vascular access
methods (central vein access), AV access has the low-
est rate of complications such as thrombosis and in-
fection1. Therefore, AV access is usually considered
the first choice for long-term hemodialysis patients2.
The complications of vascular access are the main
cause of failure, which increases the costs for patients
in the final stages of chronic renal failure. Also, poor
functioning AV access is the most common cause of
intervention and re-admission of the patients3.
Stenosis in the arterial-venous pathway is a cause of
dysfunction of the AV accesses. The causes of this
complication include cell proliferation, secretion of
cytokines by endothelial cells, smooth muscle, and
macrophages. Cytokine secretion leads to cellular ac-
tivity and vascular hyperplasia 4. In addition to the
location and type of fistula, several factors such as
age, underlying disease, peripheral vascular disease,
the onset and history of dialysis and central catheter

can affect the function of AV access.
Angioplasty is an effective treatment for arterial dys-
function such as stenosis in the artery, vein or anas-
tomosis5. Using balloon angioplasty, stenosis of the
artery and vein is resolved. One of the treatmentswith
minimally invasive angiography is to restore the in-
serted fistula to dialysis patients. It is improved by
the insertion of a simple stent or drug-coated stent,
or endothelial anti-proliferation to restore the arterial
flow6.
The proposed mechanisms for re-stenosis in the AV
accesses include uremia, oxidative stress, and inflam-
mation, which result in endothelial dysfunction in pa-
tients with ESRD (end stage renal disease), uremia,
vasodilatation and increased stress that cause nega-
tive remodeling in the blood vessels. Stenosis of the
AV accesses affects 60% of venous access, 20% of AV
anastomosis and 20% of central venous catheters7,8.
As most access implants are fibrotic, the dilatation is
challenging with conventional balloons. To date, a
number of new techniques, including high pressure
balloons or cutting balloons, are being developed to
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improve to achieve a normal diameter in 35 to 40 per-
cent of cases. But all these therapeutic strategies are
accompanied by some rates of re-stenosis 9.
The role of paclitaxel-eluting balloons as an anti-
restenosis strategy to reduce intimal hyperplasia us-
ing anti-proliferative drug (paclitaxel) is promising10.
Several studies have been conducted regarding drug-
coated balloons that showed the benefits of using
these paclitaxel-eluting balloons8,11,12.
The objective of this study was to compare the effi-
cacy of angioplasty with paclitaxel-eluting balloons
and plain balloons for failed AV access in ESRD pa-
tients undergoing hemodialysis. The results of this
study can provide valuable information on the pre-
ferred method for managing patency of AV access in
patients with ESRD.

METHODS
Study design and population
This was a quasi-experimental study. The study pop-
ulation included patients with ESRD, who were re-
ferred to our educational hospital in 2017 due to the
failure of AV access and were appointed for balloon
angioplasty.
Evaluation of AVF failure was performed with AVF
venography or ultrasound, which showed at least
50% stenosis at the proximal part of the vein with-
out aneurysm. Exclusion criteria included patients
with use of anticoagulant drugs, immune dysfunction
or those who were taking immunosuppressive drugs,
those who could not be physically operated during
surgery, the inability to follow the patients, discontin-
uation of hemodialysis, and those who did not con-
sent for angioplasty.

Data collection
Upon enrollment and before the operation, physi-
cal examination and documentation of vital signs
including blood pressure (BP) measurement were
performed. In addition, medical records were re-
viewed, and past medical history and drug history
were taken from all patients. Hypertension was de-
fined when systolic BP ≥ 140 mmHg and/or dias-
tolic BP ≥ 90 mmHg, with previous history of high
systolic/diastolic BP and anti-hypertensive medica-
tions. Diabetes mellitus (DM) was defined when fast-
ing blood glucose ≥ 126 mg/dL and HbA1C level ≥
6.5% or with previous documented diagnosis of DM
and oral anti-diabetics or insulin intake. In addition,
the etiology of renal failure was collected from medi-
cal records.
The collected variables included demographic data,
evidence of DM determined by fasting blood glucose

and HbA1C, BP measurement, AVF location, and the
follow-up success rates.

Procedures
All procedures were performed by a single vascular
surgeon using the same method. The procedure was
performed under regional anesthesia by micropunc-
ture technique. Using ultrasound, venous puncture
was done in a retrograde fashion and digital venogra-
phy was performed. Then, the location of the lesion,
and its length and diameter were determined. After
that, 2,500 units of heparin was injected. In the plain
balloon group, high pressure balloons (CONQUEST®

PTA Dilatation, Bard Peripheral Vascular, USA) were
used. The diameter of the balloon was equal to the
proximal part of the vein and its length was equal to
the length of the stenosis. In paclitaxel-eluting bal-
loon group, high pressure balloons (Lutonix®, Bard
Peripheral Vascular, USA) were used. According to
the instructions of the manufacturer, the length of the
balloon was 1 mm longer than the stenosis, and its
diameter was 1 mm larger than the diameter of the
stenosis. The balloons were inflated for 3 minutes.

Follow-up
Patients were examined at three- and six-month inter-
vals for the presence or absence of thrill and bruits. In
addition, color Doppler sonography was performed
to determine AVF blood. Success was defined when
residual stenosis with plain balloon was less than
30% and/or as hemodynamic success. If partial di-
lation of proximal venous in the extremity was con-
firmed, the vascular access was considered as patent
and hemodialysis was continued.

Statistical analyses
To report variables, descriptive statistics including
mean and standard deviation (SD) were used. For
comparing the qualitative variables between the two
groups, Chi-square test was used. In order to compare
the quantitative variables, t-test or Mann-Whitney U
test was used considering the normal distribution of
continuous data. To compare the patency of AVF and
hemodynamic success at 3 and 6 months after angio-
plasty, repeated measured ANOVA (analysis of vari-
ance) was used. The analyses were performed using
SPSS software (Ver. 20.0).

Ethics
The study protocol was approved by the Ethics Com-
mittee of our university (IR.KUMS.REC.1397.518).
The study conforms to the Declaration of Helsinki.
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RESULTS
Baseline variables
The total of 50 patients (24 male and 26 female) with
mean (±SD) age of 50.31 (±3.96) years (ranged from
32 to 70) were included. They were divided into
two groups: one group underwent angioplasty with
paclitaxel-eluting balloons (25 patients) and the other
group received angioplasty with plain balloons (25
cases).
Table 1 presents gender distribution, diabetes melli-
tus frequency andhypertension frequency in the stud-
ied groups. As observed, there was no significant dif-
ference between the groups regarding gender, age, fre-
quency of diabetes mellitus and hypertension. Ta-
ble 2 presents causes of ESRD in each group. Re-
garding to the location of AV accesses, snuff box was
the most common location seen in paclitaxel-eluting
balloons (13 cases, 52%) and plain balloon (15 cases,
60%) groups, followed by forearm (7 cases (28%) vs.
6 cases (24%)) and antecubital fossa (5 cases (20%) vs.
4 cases (16%)).

Hemodynamic success rate at 3- and 6-
month follow-up
At three months, hemodynamic success rate was 84%
(21 patients) in paclitaxel-eluting balloon group and
88% (22 cases) in plain balloon angioplasty group.
After six months, 19 patients (76%) in paclitaxel-
eluting balloon angioplasty group achieved hemody-
namic success, which was significantly higher than
plain balloon angioplasty group (13 patients, 52%) (P
= 0.012).

Hemodynamic success rate based on age,
gender, comorbidities, and AV access loca-
tion
Table 3presents hemodynamic success rate at 6
months in paclitaxel-eluting balloon angioplasty
group based on age, gender, and comorbidities.
No difference was found between patent and failed
AV accesses regarding mean age, gender distribu-
tion, comorbidities and location of AV access. Ta-
ble 4presents patency of AV accesses based on the
mentioned variables in plain balloon angioplasty
group. The mentioned variables had no association
with hemodynamic success rate in plain balloon an-
gioplasty group.

DISCUSSION
The use of AV access has led to significant im-
provements in the management of patients requiring

hemodialysis. With regard to the limitation of the lo-
cation of AV accesses in each patient, and to avoid un-
necessary costs and frequent visits to the hospital, the
effectiveness of AV accesses and recognizing the fac-
tors affecting their patency is important. However,
vascular access failure is one of the challenging con-
ditions regarding AV accesses. Hence, studies are car-
ried out to discover themore effective ways, including
plain balloon percutaneous angioplasty, to improve
the function of failed AV accesses. However, there
is concern regarding long-term efficacy of plain bal-
loons12. One of themethods that is studied recently is
the use of paclitaxel-eluting balloons instead of plain
balloons. It is suggested that paclitaxel can reduce in-
timal hyperplasia, as amajor factor for stenosis, which
can be more successful in long-term over plain bal-
loons11. Based on the obtained findings, paclitaxel-
eluting balloon angioplasty was superior to plain bal-
loon angioplasty regarding the patency of AV access
after six months in hemodialysis patients with failed
AV access.
In a similar study11, the authors investigated
paclitaxel-eluting balloon angioplasty vs. plain
balloon angioplasty among 40 patients with stenosis
of AV accesses. They reported that patency at 1
year was significantly higher in paclitaxel-eluting
balloon group (35%) compared to just 5% in plain
balloon group. These results are in agreement with
our findings indicating the advantage of paclitaxel-
eluting balloons, albeit we followed the patients
for six months. We observed that at 3 months, no
difference was seen between the groups regarding
hemodynamic success rate. The previous study11

did not report results in short term. It is possible
that the best outcomes regarding paclitaxel-eluting
balloons are documented after at least six months of
angioplasty.
In a separate study including 40 patients8, the au-
thors investigated the 6-month outcome of paclitaxel-
coated balloon angioplasty for failed AV access. They
noted that in comparison to plain balloon angioplasty,
the patients for whompaclitaxel-coated balloons were
used had higher rate of patency (70%) compared to
the other group (25%) after six months. On the other
hand, procedural success was similar in both groups
(100%).
Themaintenance of patency of AV access, as the most
popular vascular access in hemodialysis patients, is of
great importance. In the case of failing AV access and
stenosis, interventional procedures are usually imple-
mented8. The use of paclitaxel-eluting balloons is a
promising approach based on the findings obtained
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Table 1: Comparison of the studied variables between two groups of patients with failed arteriovenous fistula
(AVF) who underwent angioplasty

Paclitaxel-eluting balloon (N =
25)

Plain balloon (N= 25) P-value

Gender, male 11 (44%) 13 (52%) 0.84

Age 49.24 (±4.03) 48 (±17.3) 0.64

Diabetes mellitus 11 (44%) 17 (68%) 0.81

Hypertension 15 (60%) 12 (48%) 0.65

Table 2: Causes of end-stage renal disease (ESRD) in two groups of patients with failed arteriovenous fistula
(AVF) who underwent balloon angioplasty

Paclitaxel-eluting balloon
(N = 25)

Plain balloon
(N = 25)

Hypertension 12 (48%) 8 (32%)

Diabetes mellitus 9 (36%) 10 (40%)

Polycystic kidney 1 (4%) 2 (8%)

Diabetes mellitus and hypertension 3 (12%) 2 (8%)

Glumerulonephritis 0 2 (8%)

Nephrolithiasis 0 1 (4%)

Table 3: Comparison of hemodynamic success rate of Paclitaxel-eluting balloon angioplasty for failed
arteriovenous fistula (AVF) based on age, gender, and comorbidities

Patent AVF
(N= 19)

Failed AVF
(N= 6)

P-value

Age, year 48.13 (±2.5) 50.24 (±6.1) 0.31

Gender, male 5 (20%) 6 (24%) 0.51

Diabetes mellitus 4 (16%) 7 (28%) 0.09

Hypertension 4 (16%) 7 (28%) 0.91

Location of AVF Snuff box 6 (50%) 6 (50%) 0.7

Forearm 3 (12%) 4 (16%)

Antecubital
fossa

2 (8%) 3 (12%)

Table 4: Comparison of hemodynamic success rate of plain balloon angioplasty for failed
arteriovenous fistula (AVF) based on age, gender, and comorbidities

Patent AVF (N= 19) Failed AVF (N= 6) P value

Age, year 46.87 (7.2) 52.78 (3.4) 0.41

Gender, male 8 (32%) 7 (28%) 0.71

Diabetes mellitus 5 (20%) 12 (48%) 0.06

Hypertension 5 (20%) 7 (28%) 0.86

Location of AVF Snuff box 10 (36%) 5 (20%)

0.81Forearm 3 (12%) 3 (12%)

Antecubital fossa 2 (8%) 2 (8%)
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here and previous reports. This approach is more ad-
vantageous than other options, such as a second AV
access, which can be associated with infectious com-
plications2. As intimal hyperplasia is a known cause
of stenosis and dysfunction of AV accesses, the use of
paclitaxel-eluting balloons that have anti-proliferative
effects can prohibit vascular access failure, especially
after 6 months of angioplasty.
We faced some limitations in performing this study.
First, this was a quasi-experimental study and thus,
randomization was not performed. However, no sig-
nificant difference was seen based on baseline vari-
ables between the two studied groups. Further stud-
ies with randomization are suggested. In addition, we
followed patients for six months. Longer follow-ups
are also suggested for better characterization of pa-
tency of paclitaxel-eluting balloons in long term.

CONCLUSIONS
The use of angioplasty with paclitaxel-eluting balloon
was superior to plain balloon angioplasty for failedAV
access in hemodialysis patients. It is recommended to
use paclitaxel-eluting balloon angioplasty in patients
with failure of AV access and requirement for angio-
plasty with balloons.

ABBREVIATIONS
AVF: Arteriovanous fistula
ESRD: end-stage renal disease
BP: blood pressure
DM: diabetes mellitus
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