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Abstract

Purpose To investigate the efficacy of paclitaxel drug-

eluting balloons (PEB) versus standard balloon angioplasty

(BA) in stenosis of native hemodialysis arteriovenous fis-

tulas (AVFs).

Materials and Methods A total of 96 patients with ESRD

(mean ± SD age 57.0 ± 9.1 years, 63.5% were males)

who underwent endovascular treatment with PEB angio-

plasty (n = 32) and BA (n = 64) for a dysfunctional native

AVF were included. Clinical success, complications, pri-

mary patency and postoperative recurrence parameters

were recorded in each group.

Results Primary patency rate at 6 months was significantly

higher in PEB than in BA group (96.9 vs. 20.3%,

p\ 0.001), while the two groups had similar primary

patency rates at 9 months (66.8 vs. 50.0%) and 12 months

(6.3% for each). No significant difference was noted

between PEB and BA groups in terms of the rate (21.9%

and. 31.3%), time (median 220 vs. 152.5 days) and reasons

(reocclusion in 18.8 vs. 28.1%) for dysfunction recurrence

as well as the number of recurrent treatments. AVF dys-

function recurrence was more likely in younger age AVF

(median 4 vs. 23 months, p\ 0.001 in PEB, and 8.5 vs.

20.5 months p = 0.001 in SBA) and in AVF B 6 months

in both SBA and PEB groups (71.4 vs. 12.0%, p = 0.005 in

PEB, 40.0 vs. 2.3%, p\ 0.001).

Conclusion In conclusion, our findings emphasize favor-

able safety and efficacy of PEB and BA in the management

of dysfunctional hemodialysis AVFs with similar rates of

post-PTA recurrence of AVF dysfunction. Nonetheless,

there was a nonsignificant tendency for lower rate and a

delay for recurrent dysfunction in patients treated with PEB

and a significant association younger AVF age with an

increased risk of post-PTA recurrence of AVF dysfunction.

Level of Evidence 3, Retrospective cohort study.

Keywords Paclitaxel drug-eluting balloon

angioplasty � Standard balloon angioplasty �
Hemodialysis � Arteriovenous fistula � Clinical
success � Primary patency � Recurrent dysfunction

Introduction

Maintenance of long-term patency of hemodialysis vascu-

lar access is essential in patients with end-stage renal dis-

ease (ESRD) [1–4]. Although arteriovenous fistula (AVF)

remains the best conduit for adequate hemodialysis [5–8],

AVF dysfunction is commonly observed in clinical prac-

tice with a growing need for techniques to maintain

patency of AVF in the dialysis population [2, 5, 6, 9, 10].

Percutaneous transluminal angioplasty (PTA) has been

the mainstay of treatment in dysfunctional AVFs, whereas

1-year patency rates range from 60 to 65% [4, 5].

Paclitaxel, an antineoplastic agent with a durable inhi-

bitory effect on neointimal proliferation [11, 12], has been

associated with prevention of restenosis in other vascular

& Isil Yildiz

drisilyildiz@gmail.com

1 Department of Radiology, Acibadem University Atakent

Hospital, Turgut Ozal Str. No:16 Kucukcekmece, Istanbul,

Turkey

123

Cardiovasc Intervent Radiol (2019) 42:685–692

https://doi.org/10.1007/s00270-019-02171-3

http://orcid.org/0000-0002-2254-977X
http://crossmark.crossref.org/dialog/?doi=10.1007/s00270-019-02171-3&amp;domain=pdf
https://doi.org/10.1007/s00270-019-02171-3


beds [13–15]. This has led to a growing scientific interest in

recent years in the potential role of paclitaxel-eluting bal-

loon (PEB) angioplasty in improving patency rates and

decreasing the risk of restenosis in patients with dysfunc-

tional AVFs [16–21]. However, published evidence from

the current literature is considered to be limited and clin-

ically heterogeneous [22–24].

The purpose of this retrospective study was to investi-

gate the efficacy of PEB angioplasty versus standard bal-

loon angioplasty (BA) in stenosis of native hemodialysis

AVFs in terms of clinical success, primary patency and risk

factors for recurrent dysfunction.

Materials and Methods

Study Population

A total of 96 consecutive patients with ESRD (mean ± SD

age 57.0 ± 9.1 years, 63.5% were males) who underwent

endovascular treatment with either PEB (n = 32; treated in

the 2015–2017 period) or BA (n = 64; treated in the

2010–2014 period) for a dysfunctional native AVF were

included in this retrospective study conducted at two

radiology clinics between September 2010 and February

2017. Follow-up visits were performed based on 3-month

intervals in accordance with the routine follow-up protocol.

The patients included in the study were those who were

referred for fistulography with clinical signs of stenosis,

while patients who had PTA combined with stenting, pre-

vious PTA for the same lesion or previous access

thrombectomy were excluded from the study.

The study was conducted in full accordance with local

GCP guideline and current legislations, and permission was

obtained from the Institutional Ethics Committee for the

use of patient data for publication purposes.

Study Parameters

Data on patient demographics (age, gender), etiology of

ESRD, characteristics of AVF, PTA parameters (clinical

success, complications), primary patency and postoperative

recurrence parameters were recorded. The study parame-

ters were evaluated in PEB versus BA groups and with

respect to patients with versus without post-PTA recurrent

AVF dysfunction during median 9.8 months (range

6.6–13.3 months) of follow-up.

Radiological Interventions

All radiological interventions in both study centers were

performed by the same experienced interventional radiol-

ogist. Before fistulography, the patients were examined

using color Doppler ultrasound (Logiq S8, GE, Milwaukee,

WI, USA). The angiographic technique for diagnosis

involved fistulography via brachial artery puncture with a

21G needle and injection of 10 mL of contrast under local

anesthesia. Digital angiographic images were obtained of

the feeding artery, arteriovenous anastomosis, juxta-anas-

tomotic segment of the efferent vein and draining veins up

to the central veins.

The stenosis was evaluated by comparing the stenotic

and normal segments of the veins together with imple-

mentation of PTA for the stenotic segments with a diameter

of\ 50% of the normal segment. PTA was performed

through the transvenous approach. Proximal access was

achieved through the outflow vein with 7F vascular sheath

insertion. Heparin was administered at a dose of 2500 IU,

and an additional dose of 1250 IU was administered once

every hour, if needed. The maximum dose was 5000 IU.

Balloon size was determined according to the measured

diameter of the reference vessel. According to the size of

the veins, PEBs and standard balloons with a diameter of

1 mm greater than the normal size of the venous segment

(range 4–7 mm) were used. In the BA group, standard

balloons (Medtronic, Minneapolis, MN, USA) or high-

pressure or non-compliant balloons (Conquest, Bard,

Oakville, CA) in case of failure of procedure were used. In

the PEB group, a Freeway 0.35 (Eurocor, Germany) over-

the-wire balloon was used. The balloon was maintained

insufflated for 2 min, and the procedure was repeated if

necessary. Hemostasis was achieved with manual com-

pression. If stenosis was\ 30% after PTA, the procedure

was considered technically successful. Clinical success was

defined as adequate dialysis after the procedure.

Complications and Patency Rates After PTA

All patients were followed up for at least 6 months in their

dialysis centers after PTA. Categorization of minor and

major complications was based on the Society of Cardio-

vascular and Interventional Radiology criteria [25]. If there

was a suspicion of restenosis based on clinical examination

or dialysis parameters, angiography was performed. Pri-

mary patency was defined as the interval between the initial

salvage procedure and the next thrombosis or repeat

intervention, as previously described by Gray et al. [26].

During this period, the patients received percutaneous

treatment for recurrent or new access stenosis/occlusion.

Statistical Analysis

Statistical analysis was made using IBM SPSS Statistics for

Windows, Version 24.0 software (IBM Corp., Armonk,

NY). Fisher’s exact test, Pearson Chi-square test and

Fisher–Freeman–Halton test (Monte Carlo) were used to
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analyze categorical variables, while numerical data were

analyzed using the independent samples t test and the

Mann–Whitney U test. Multivariate logistic regression

analysis was performed to determine risk factors for

recurrent AVF dysfunction using the forward stepwise

(likelihood ratio) method. Data were expressed as

mean ± standard deviation (SD), minimum–maximum

values, number (n) and percentage (%) where appropriate.

A value of p\ 0.05 was considered statistically significant.

Results

Overall Characteristics

Males composed 63.5% of the total study population, and

the average age was 57.0 years (range 37–78 years)

(Table 1).

All of AVFs were already in use for dialysis, while

insufficient fistula maturation was evident only in one

patient with AVF age of 1.5 months. The median age of

AVF was 18 (range 1.5–72) months (C 6 months in 82.3%

of patients). AVF was left-sided in 58.3% of patients and

radiocephalic in 56.3% (Table 1).

Clinical success was achieved in 97.9% of patients with

minor complications in two (3.2%) patients. The median

duration of follow-up was 292.5 days (range

198–400 days). Median duration of primary patency was

270 (range 60–400) days overall, with primary patency

rates of 45.8% at 6 months, 56.3% at 9 months and 6.3% at

12 months. Dysfunction recurrence was noted in 28.1% of

patients (due to reocclusion in 25.1%) after median 180

(range 60–330) days (Table 1).

Demographic and Clinical Characteristics in PEB

Versus BA Groups

PEB versus BA was associated with higher rate of right-

sided AVF (65.6% vs. 29.7%, p\ 0.001) and brachio-

cephalic AVF (53.1% vs. 1.6%, p\ 0.001), and a lower

rate of radiocephalic AVF (34.4% vs. 67.2%, p\ 0.001)

(Table 1).

Primary patency rate at 6 months was significantly

higher in PEB than in BA group (96.9 vs. 20.3%,

p\ 0.001), while the two groups had similar primary

patency rates at 9 months (66.8 vs. 50.0%) and 12 months

(6.3% for each). No significant difference was noted

between PEB and BA groups in terms of the rate (21.9%

and. 31.3%), time (median 220 vs. 152.5 days) and reasons

(reocclusion in 18.8 vs. 28.1%) for dysfunction recurrence

as well as the in terms of the number of recurrent treat-

ments (Table 1).

Recurrence-Related Parameters in the PEB Versus

BA Groups

AVF dysfunction recurrence was more likely in males than

in females treated with BA (90.0% vs. 10.0%, p = 0.010),

and in patients with younger age AVF (B 6 months) in

both BA (71.4 vs. 12.0%, p = 0.005) and PEB (40.0 vs.

2.3%, p\ 0.001) groups (Table 2, Fig. 1).

Patient age, comorbid diabetes or hypertension rates,

and side and type of AVF as well as the type of fistula

segment had no impact on recurrence rates. The likelihood

of recurrence in patients with young AVF age

(B 6 months) was also similar with respect to AVF lesion

morphology (anastomotic—mechanical or vein obstruc-

tion) in both treatment groups (Table 2).

Discussion

Our findings revealed a significantly higher primary

patency rate at 6 months (96.9 vs. 20.3%) in the PEB than

in the BA group, alongside a tendency for higher primary

patency rate at 9 months (66.8 vs. 50.0%) and a lower

likelihood (21.9 vs. 31.9%) and a delay (median 220 vs.

152.5 days) of recurrent AVF dysfunction in the PEB

group. Recurrent AVF dysfunction was more likely in

patients with younger age AVF in both BA and PEB

groups.

Past studies with up to 12-month follow-up period

revealed heterogeneous findings on patency outcome of

PEB versus BA in the treatment of failing AVFs. In a

retrospective analysis of 52 patients with significant AVF

stenosis, PEB versus BA was reported to be associated with

a significantly higher primary patency rate at 12 months

(65.4 vs. 34.6%), with similar outcome at 6 months (76.9

vs. 65.4%) [4]. In a prospective, randomized study of 64

patients with autologous dialysis fistulae, primary patency

rates after PEB at 3 months (88 vs. 80%), 6 months (67 vs.

65%) and 12 months (42 vs. 39%) were reported to be

slightly better than those after plain BA [27]. Similarly,

data from other prospective randomized studies revealed

significantly higher primary patency rates for drug-coated

balloons (DCB) compared to plain BA at 6 months (70%

vs. 25%) [17] and 12 months (35.0 vs. 5.0%) [18].

However, in a longer-term study on comparison of

failing AVFs treated with DCB versus plain BA, target

lesion primary patency was reported to be significantly

higher in the DCB balloon group at 6 months (90.3 vs.

61.3%), 12 months (77.4 vs. 29%) and 24 months (45.2 vs.

16.1%), alongside a lower rate of repeated interventions

(38.7 vs. 80.6%) [28].

Notably, in a systematic review of 6 studies on DCB

versus other methods for arteriovenous hemodialysis
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Table 1 Demographic and clinical characteristics overall and in the balloon angioplasty groups

Total (n = 96) Paclitaxel-eluting BA (n = 32) Standard BA (n = 64) p value

Patient demographics

Gender, n(%)

Female 35 (36.5) 14 (43.8) 21 (32.8) 0.3691

Male 61 (63.5) 18 (56.3) 43 (67.2)

Age (y), mean ± SD 57.0 ± 9.1 55.0 ± 10.9 58.0 ± 8.0 0.1552

Follow-up time (day)

Mean ± SD 292.2 ± 48.1 296.9 ± 41.1 289.9 ± 51.4 0.9332

Median (min–max) 292.5 (198–400) 300 (210–400) 290 (198–400)

Diabetes mellitus

Absent 10 (21.7) 4 (17.4) 6 (26.1) 0.7223

Present 36 (78.3) 19 (82.6) 17 (73.9)

AVF characteristics

Age of AVF (month)

Median (min–max) 18 (1.5–72) 20 (3–59) 17.5 (1.5–72) 0.5954

B 6 months, n(%) 17 (17.7) 8 (25.0) 9 (14.1) 0.2563

[ 6 months, n(%) 79 (82.3) 24 (75.0) 55 (85.9)

Type, n(%)

Brachiocephalic 18 (18.8) 17 (53.1)* 1 (1.6) \ 0.0015

Radiocephalic 54 (56.3) 11 (34.4)* 43 (67.2)

Brachiobasilic 24 (25.0) 4 (12.5) 20 (31.3)

Fistula segment

Central 7 (7.0) 3 (9.0) 4 (6.0) 0.8245

Anastomosis 27 (28.0) 8 (25.0) 19 (30.0)

Juxta-anastomotic 36 (38.0) 11 (34.0) 25 (39.0)

Efferent 26 (27.0) 10 (31.0) 16 (25.0)

PTA success, n(%)

No 2 (2.1) 0 (0.0) 2 (3.1) 0.5513

Yes 94 (97.9) 32 (100.0) 62 (96.9)

Primary patency rate, n(%)

6 months 44 (45.8) 31 (96.9) 13 (20.3) \ 0.0011

9 months 54 (56.3) 22 (66.8) 32 (50.0) 0.1261

12 months 6 (6.3) 2 (6.3) 4 (6.3) 0.9991

Duration of patency

Days, median (min–max) 270 (60–400) 290 (150–400) 267.5 (60–400) 0.0762

Months, median (min–max) 9.0 (2.0–13.3) 9.7 (5.0–13.3) 8.9 (2.0–13.3)

Recurrence, n(%)

Absent 69 (71.9) 25 (78.1) 44 (68.8) 0.4711

Present 27 (28.1) 7 (21.9) 20 (31.3)

Reasons for recurrence, n(%)

Reocclusion 24 (25.0) 6 (18.8) 18 (28.1) 0.9993

Thrombosis 3 (3.1) 1 (3.1) 2 (3.1)

Time to recurrence (day)

Mean ± SD 185.6 ± 86.3 224.3 ± 57.1 172.0 ± 91.7 0.0892

Median (min–max) 180 (60–330) 220 (150–300) 152.5 (60–330)

Number of recurrent treatments, n(%)

0 64 (66.7) 39 (60.9) 25 (78.1) 0.1535

1 5 (5.2) 5 (7.8) 0 (0.0)

2 27 (28.1) 20 (31.3) 7 (21.9)

AVF arteriovenous fistula, BA balloon angioplasty, SD standard deviation, PTA percutaneous transluminal angioplasty
1Pearson Chi-square test (Exact), 2Independent samples T test(Bootstrap), 3Fisher exact test (Exact) 4Mann–Whitney U test (Monte Carlo), 5Fisher–Freeman–

Halton test (Monte Carlo)
*p\ 0.001 compared to SBA

688 I. Yildiz: The Efficacy of Paclitaxel Drug-Eluting Balloon Angioplasty Versus Standard Balloon…

123



access stenosis in 162 participants with a median

13 months (range 6–24 months) of follow-up, significantly

higher primary patency rates were reported at 6 months

with DCB (range 70–97%) than with other methods (range

0–26%) [24]. However, the authors emphasized the need

for large multicenter randomized controlled trials (RCTs)

to clarify the role of DCB in the percutaneous treatment of

AV HD access stenosis, given the limited and clinically

heterogeneous evidence from the current literature [24].

The high prevalence of radiocephalic type of AVF and

comorbid diabetes in our cohort seems in line with the

consideration of radiocephalic fistula as the most

commonly preferred type of AVF [5, 29] and its associa-

tion with a higher likelihood of AVF failure especially in

diabetic patients [5, 8, 29–31]. Our findings revealed no

significant impact of AVF type on recurrence rates,

regardless of the balloon angioplasty method. Nonetheless,

the similar rates for PTA success in the PEB and BA

groups together with the tendency for lesser and later

recurrence in PEB in the current study cohort should be

interpreted in the light of the lower prevalence of radio-

cephalic type of AVF in the patients treated with PEB than

in those treated with BA.

Table 2 Demographic and clinical characteristics according to recurrence overall and in the balloon angioplasty groups

Paclitaxel-eluting BA

(n = 32)

p value Standard BA (n = 64) p value Total (n = 96) p value

Recurrence Recurrence Recurrence

No

(n = 25)

Yes

(n = 7)

No

(n = 44)

Yes

(n = 20)

No

(n = 69)

Yes

(n = 27)

Patient demographics

Gender, n (%)

Female 12 (48.0) 2 (28.6) 0.4261 19 (43.2) 2 (10.0) 0.0101 31 (44.9) 4 (14.8) 0.0091

Male 13 (52.0) 5 (71.4) 25 (56.8) 18 (90.0) 38 (55.1) 23 (85.2)

Age (year), mean ± SD 54.6 ± 12.0 56.3 ± 6.2 0.7272 56.7 ± 6.9 60.9 ± 9.4 0.0792 55.9 ± 9.1 59.7 ± 8.8 0.0812

Diabetes mellitus

Absent 4 (23.5) 0 (0.0) 0.5391 2 (66.7) 4 (20.0) 0.1551 6 (30.0) 4 (15.4) 0.2921

Present 13 (76.5) 6 (100.0) 1 (33.3) 16 (80.0) 14 (70.0) 22 (84.6)

AVF characteristics

Age of AVF (month)

Median (min–max) 23 (4–59) 4 (3–21) \ 0.0013 20.5

(4–72)

8.5

(1.5–42)

0.0013 21 (4–72) 7 (1.5–42) \ 0.0013

B 6 months, n(%) 3 (12.0) 5 (71.4) 0.0051 1 (2.3) 8 (40.0) \ 0.0011 4 (5.8) 13 (48.1) \ 0.0011

[ 6 months, n(%) 22 (88.0) 2 (28.6) 43 (97.7) 12 (60.0) 65 (94.2) 14 (51.9)

Type, n(%)

Brachiocephalic 14 (56.0) 3 (42.9) 0.8365 0 (0.0) 1 (5.0) 0.1601 14 (20.3) 4 (14.8) 0.4605

Radiocephalic 8 (32.0) 3 (42.9) 28 (63.6) 15 (75.0) 36 (52.2) 18 (66.7)

Brachiobasilic 3 (12.0) 1 (14.3) 16 (36.4) 4 (20.0) 19 (27.5) 5 (18.5)

Fistula segment, n(%)

Total

Central 1 (4.2) 2 (28.6) 0.2215 1 (2.8) 3 (10.7) 0.4495 2 (3.3) 5 (14.3) 0.1005

Anastomotic 7 (29.2) 1 (14.3) 11 (30.6) 8 (28.6) 18 (30.0) 9 (25.7)

Juxta-anastomotic 7 (29.2) 3 (42.9) 13 (36.1) 12 (42.9) 20 (33.3) 15 (42.9)

Efferent 9 (37.5) 1 (14.3) 11 (30.6) 5 (17.9) 20 (33.3) 6 (17.1)

Young AVF age (B 6 months)

Anastomotic

(mechanical)

2 (66.7) 4 (80.0) 0.9991 1 (100.0) 6 (75.0) 0.9991 3 (75.0) 10 (76.9) 0.9991

Vein obstruction 1 (33.3) 1 (20.0) 0 (0.0) 2 (25.0) 1 (25.0) 3 (23.1)

AVF arteriovenous fistula, BA balloon angioplasty, SD standard deviation
1Fisher exact test, 2Independent samples T test (Bootstrap), 3Mann–Whitney U test (Monte Carlo), 4Pearson Chi-square test (Exact), 5Fisher–

Freeman–Halton test (Monte Carlo)
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Our findings indicated a higher likelihood of postoper-

ative AVF dysfunction recurrence in patients with younger

age AVF (B 6 months), regardless of the angioplasty

method. This supports data from previous studies that have

revealed a higher likelihood of post-PTA recurrence of

AVF dysfunction with younger AVF age (\ 6 months) of

fistula before the first failure [32–35]. The association of

younger AVFs with poor post-PTA patency has been

considered to indicate the predictive role of hemodynamic

shear stress and anatomic factors in the occurrence of

restenosis [36].

While older patient age [2, 37], presence of diabetes

[33, 38, 39] and longer-segment stenosis [36] have also

been reported to predict a risk of post-PTA recurrence, our

findings revealed no association of patient age or comorbid

diabetes, or type or side of AVF and type of fistula segment

with recurrence risk in both the PEB and BA groups.

Albeit not statistically significant, there was a tendency

for a lower likelihood (21.9 vs. 31.9%) and a delay (median

220 vs. 152.5 days) of recurrent AVF dysfunction in the

PEB than in BA group in our cohort, while the number of

recurrent treatments was similar between two treatment

groups. Past studies revealed inconsistent findings on

restenosis rate and interval after PEB versus BA treatments

in primary or recurrent stenosis in a failing native AVF.

PEB was shown to be associated with significantly pro-

longed restenosis intervals (median 9 vs. 4 months) com-

pared to plain BA [40] and a significant delay in restenosis

and a reintervention-free period of at least 12 months [41]

in some studies. However, poorer target lesion revascu-

larization-free survival (relative risk for DCB 7.09) and

shorter time-to-target lesion revascularization (110 vs.

193 days) with PEB [42] as well as no beneficial effects

over BA in the prevention of recurrent stenosis with pri-

mary patency duration of 130 versus 189 days, respectively

[43] have also been reported.

No significant difference was noted in the likelihood of

recurrence with respect to type of fistula segment in our

cohort, while the likelihood of recurrence in patients with

young AVF age (B 6 months) was also similar with

respect to AVF lesion morphology (anastomotic—me-

chanical or vein obstruction) in both treatment groups. In

fact, from the initial experiences with PEB of vascular

access stenoses, it has been considered to be a safe and

effective alternative, providing superior reintervention-free

intervals compared to plain BA, by reducing restenosis

without any device-related complications. However, a need

for further large-scale RCTs has been emphasized to verify

the clear benefit of PEB in the treatment of dysfunctional

AVFs, as to date few dialysis patients treated with PEB

have been reported and there is a lack of data on the type of

lesions that would benefit most from this technology

[22–24].

Certain limitations to this study should be considered.

First, due to the retrospective design of the present study

and the relatively small number of patients, it was difficult

to establish temporality between cause and effect and to

generalize the findings to the overall dysfunctional vascular

access population. Therefore, further randomized studies

are required to verify these findings. Lack of data on pre-

operative artery and vein size, pre- and post-intervention

shunt volume is another limitation which otherwise would

extend the knowledge achieved in the current study. Third,

the imbalance of the location of the fistula (brachiocephalic

vs. radiocephalic) seems to be another important limitation

which might lead to the results of the treatment groups to

be less comparable.

Conclusion

In conclusion, our findings in a retrospective cohort of

ESRD patients emphasize the favorable safety and efficacy

of PEB and BA in the management of dysfunctional

hemodialysis AVFs with similar rates of post-PTA recur-

rence of AVF dysfunction. Nevertheless, PEB was superior

Fig. 1 Recurrent AVF

dysfunction rates in paclitaxel

drug-eluting balloon

angioplasty and standard

balloon angioplasty groups

according to age of AVF
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to BA in terms of primary patency rate at 6 months, while

there was a nonsignificant tendency for lower rate and a

delay in recurrent dysfunction in patients treated with PEB.

Younger AVF age seems to be associated with a higher risk

of increased risk of post-PTA recurrence of AVF dys-

function, regardless of balloon angioplasty method. These

findings emphasize the need for future larger scale RCTs to

validate the potential efficacy of PEB angioplasty in

improving clinical outcomes and to provide high-quality

evidence to help establish specific indications for the use of

this technology in dialysis access stenosis.
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mary patency of drug-eluting balloon versus conventional balloon

angioplasty in hemodialysis patients with arteriovenous fistula

stenoses. Jpn J Radiol. 2016;34:700–4.

5. Hammes M. Hemodynamic and biologic determinates of arteri-

ovenous fistula outcomes in renal failure patients. Biomed Res

Int. 2015;2015:171674.

6. National Kidney Foundation. KDOQI clinical practice guidelines

and clinical practice recommendations for 2006 updates:

hemodialysis adequacy, peritoneal dialysis adequacy and vascu-

lar access. Am J Kidney Dis. 2006;48:S1–322.

7. Polkinghorne KR, Chin GK, Macginley RJ, et al. KHA-CARI

guideline: vascular access—central venous catheters, arteriovenous

fistulae and arteriovenous grafts. Nephrology. 2013;18:701–5.

8. Bashar K, Conlon PJ, Kheirelseid EA, Aherne T, Walsh SR,

Leahy A. Arteriovenous fistula in dialysis patients: factors

implicated in early and late AVF maturation failure. Surgeon.

2016;14:294–300.

9. Huber TS, Carter JW, Carter RL, Seeger JM. Patency of auto-

genous and polytetrafluoroethylene upper extremity arteriove-

nous hemodialysis accesses: a systematic review. J Vasc Surg.

2003;38:1005–11.

10. Polkinghorne KR, Mcdonald SP, Atkins RC, Kerr PG. Vascular

access and all-cause mortality: a propensity score analysis. J Am

Soc Nephrol. 2004;15:477–86.

11. Axel DI, Kunert W, Goeggelmann C, et al. Paclitaxel inhibits

arterial smooth muscle cell proliferation and migration in vitro

and in vivo using local drug delivery. Circulation.

1997;96:636–45.

12. Tepe G, Zeller T, Albrecht T, et al. Local delivery of paclitaxel to

inhibit restenosis during angioplasty of the leg. N Engl J Med.

2008;358:689–99.

13. Tepe G, Laird J, Schneider P, et al. IN.PACT SFA trial investi-

gators. Drug-coated balloon versus standard percutaneous trans-

luminal angioplasty for the treatment of superficial femoral and

popliteal peripheral artery disease: 12-Month results fromthe

IN.PACT SFA randomized trial. Circulation. 2015;131:495–502.

14. Unverdorben M, Vallbracht C, Cremers B, et al. Paclitaxel-coated

balloon catheter versus paclitaxel-coated stent for the treatment

of coronary in-stent restenosis. Circulation. 2009;119:2986–94.

15. Rosenfield K, Jaff MR, White CJ, et al. LEVANT 2 investigators.

Trial of a paclitaxel-coated balloon for femoropopliteal artery

disease. N Engl J Med. 2015;373:145–53.

16. Lai CC, Fang HC, Tseng CJ, Liu CP, Mar GY. Percutaneous

angioplasty using a paclitaxel-coated balloon improves target

lesion restenosis on inflow lesions of autogenous radiocephalic

fistulas: a pilot study. J Vasc Interv Radiol. 2014;25:535–41.

17. Katsanos K, Karnabatidis D, Kitrou P, Spiliopoulos S, Christeas

N, Siablis D. Paclitaxel-coated balloon angioplasty vs. plain

balloon dilation for the treatment of failing dialysis access:

6-Month interim results from a prospective randomized con-

trolled trial. J Endovasc Ther. 2012;19:263–72.

18. Kitrou PM, Katsanos K, Spiliopoulos S, Karnabatidis D, Siablis

D. Drug-eluting versus plain balloon angioplasty for the treat-

ment of failing dialysis access: final results andcost-effectiveness

analysis from a prospective randomized controlled trial

(NCT01174472). Eur J Radiol. 2015;84:418–23.

19. Kitrou PM, Spiliopoulos S, Katsanos K, Papachristou E, Siablis

D, Karnabatidis D. Paclitaxel-coated versus plain balloon

angioplasty for dysfunctional arteriovenous fistulae: one-year

results of a prospective randomized controlled trial. J Vasc Interv

Radiol. 2015;26:348–54.

20. Kitrou PM, Papadimatos P, Spiliopoulos S, et al. Paclitaxel-

coated balloons for the treatment of symptomatic central venous

stenosis in dialysis access: results from a randomized controlled

trial. J Vasc Interv Radiol. 2017;28:811–7.

21. Trerotola SO, Lawson J, Roy-Chaudhury P, Saad TF, Lutonix AV

Clinical Trial Investigators. Drug coated balloon angioplasty in

failing AV fistulas: a randomized controlled trial. Clin J Am Soc

Nephrol. 2018;13:1215–24.

22. Bountouris I, Kritikou G, Degermetzoglou N, Avgerinos KI. A

review of percutaneous transluminal angioplasty in hemodialysis

fistula. Int J Vasc Med. 2018;2018:1420136. Review.

23. Portugaller RH, Kalmar PI, Deutschmann H. The eternal tale of

dialysis access vessels and restenosis: are drug-eluting balloons

the solution? J Vasc Access. 2014;15:439–47.

24. Khawaja AZ, Cassidy DB, Al Shakarchi J, McGrogan DG, Inston

NG, Jones RG. Systematic review of drug eluting balloon

angioplasty for arteriovenous haemodialysis access stenosis.

J Vasc Access. 2016;17:103–10.

25. Aruny JE, Lewis CA, Cardella JF, et al. Quality improvement

guidelines for percutaneous management of the thrombosed or

dysfunctional dialysis access: standards of practice committee of

the society of cardiovascular & interventional radiology. J Vasc

Interv Radiol. 1999;10:491–8.

26. Gray RJ, Sacks D, Martin LG, Trerotola SO. Reporting standards

for percutaneous interventions in dialysis access. J Vasc Interv

Radiol. 2003;14:433–42.

27. Maleux G, Vander Mijnsbrugge W, Henroteaux D, et al. Multi-

center, randomized trial of conventional balloon angioplasty

versus paclitaxel-coated balloon angioplasty for the treatment of

dysfunctioning autologous dialysis fistulae. J Vasc Interv Radiol.

2018;29:470–5.

I. Yildiz: The Efficacy of Paclitaxel Drug-Eluting Balloon Angioplasty Versus Standard Balloon… 691

123
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