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ABSTRACT
Background: Arteriovenous fistulas for patients undergoing hemodialysis (HD) are at high risk of stenosis. Despite
conventional balloon angioplasty (CBA), restenosis rates are high. The use of a drug-coated balloon (DCB) may offer an
alternative to reduce restenosis.

Methods: This study has been performed in accordance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines. An electronic search on MEDLINE, Embase, and the Cochrane Library was performed to
identify articles evaluating DCB angioplasty for patients with HD access stenosis. Risk ratios (RRs) of primary patency were
pooled, and relevant subgroup and sensitivity analyses were conducted.

Results: There were 17 studies (8 randomized controlled trials [RCTs], 9 cohort studies) included, comprising a total of 1113
stenotic dialysis accesses, of which 54.7% underwent DCB angioplasty and 45.3% underwent CBA. There was a signifi-
cantly superior 6-month (RR, 0.57; 95% confidence interval [CI], 0.44-0.74; P < .00001; I2 ¼ 62%) and 12-month (RR, 0.73;
95% CI, 0.63-0.84; P < .0001; I2 ¼ 53%) primary patency in the DCB angioplasty group in comparison to the CBA group
(71.0% vs 49.2% at 6 months; 44.2% vs 20.6% at 12 months). Subgroup analyses of study design (RCTs, cohort studies)
showed similar trends. Sensitivity analyses by excluding one poor-quality RCT and those employing the crossover analysis
design also showed similar results. Studies investigating central venous stenosis showed significantly better 6-month (RR,
0.57; 95% CI, 0.41-0.79; P ¼ .0009; I2 ¼ 67%) and 12-month (RR, 0.69; 95% CI, 0.56-0.85; P ¼ .0004; I2 ¼ 64%) primary
patency in the DCB angioplasty group in comparison to the CBA group. The pooled rate of minor complications was low
in both the DCB (1.1%) and CBA (0.9%) groups.

Conclusions: DCB angioplasty appears to be a better and safe alternative to CBA in treating patients with HD stenosis in
terms of 6- and 12-month primary patency. However, a larger trial is warranted to establish these findings. (J Vasc Surg
2019;70:970-9.)

Keywords: Dialysis access stenosis; Drug-coated balloon; Conventional balloon angioplasty; Central venous stenosis

The clinical practice guidelines for vascular access1

recommend a fistula-first option in patients who choose
hemodialysis (HD) as their mode of renal replacement
therapy. However, long-term patency rates at 18 months
are dismally low at 51%.2 A major cause of access
dysfunction is the phenomenon of neointimal hyperpla-
sia,3,4 and risk factors include increasing age, diabetes,
smoking, and peripheral vascular disease.5

Percutaneous balloon angioplasty has been heralded
as the preferred treatment modality for stenosis of HD
access. In balloon dilation, the intimal layer, internal
elastic lamina, and parts of the tunica media are being
forcefully torn during the process to prevent elastic recoil.
However, a biologic repair cascade ensues in response to
the vascular trauma, leading to remodeling.6 Unsurpris-
ingly, the 6-month cumulative patency rates after percu-
taneous balloon angioplasty have been reported to be as
low as between 23% and 38%.7,8

The need for repeated interventions increases patient
morbidity and health care cost,9 hence warranting the
need for analternative solution. Advancement in the tech-
nology of drug-eluting balloon has taken strides.
Drug-coated balloons (DCBs) were initially used in
coronary and lower limb interventions10,11 but are now
commonly used in arteriovenous fistulas.12 Earlier experi-
mental studies13,14 have concluded that paclitaxel exerts
anantiproliferative effect on vascular smoothmuscle cells,
corroborated by results from clinical trials.15,16 Although a
systematic reviewof the same subject has beenpublished
previously,17 several new studies have now emerged,18-21

some of which reported contrasting findings. It is the

From Yong Loo Lin School of Medicine, National University of Singaporea; and

the Department of Vascular Surgeryb and Department of Renal Medicine,c

Singapore General Hospital.

Author conflict of interest: none.

Additional material for this article may be found online at www.jvascsurg.org.

Correspondence: Tze Tec Chong, MBBS, FACS (General and Vascular Surgery),

RPVI, Senior Consultant Vascular and Endovascular Surgeon, Department

of Vascular Surgery, Singapore General Hospital, Level 5 Academia, 20 College

Rd, Singapore 169856 (e-mail: chong.tze.tec@singhealth.com.sg).

The editors and reviewers of this article have no relevant financial relationships to

disclose per the JVS policy that requires reviewers to decline review of any

manuscript for which they may have a conflict of interest.

0741-5214

Copyright � 2019 by the Society for Vascular Surgery. Published by Elsevier Inc.

https://doi.org/10.1016/j.jvs.2019.01.082

970 228



aim of this systematic review and meta-analysis to
comprehensively appraise the most up-to-date pool of
evidence comparing DCB angioplasty against conven-
tional balloon angioplasty (CBA) for both primary and
recurrent stenosis in patients undergoing HD.

METHODS
This systematic review and meta-analysis was con-

ducted in strict accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses state-
ment guidelines.22

Literature search. An electronic search was performed
on theMEDLINE, Embase, andCochrane Library databases
from date of inception to August 24, 2018, to identify all
published and indexed studies evaluating use of DCBs in
patients with HD access stenosis. A combination of MeSH
and non-MeSH search terms using Boolean operators
was used in Medline: (drug eluting balloon.m.p. OR
paclitaxel-coatedballoon.m.p.)AND(hemodialysis.m.p.OR
Renal Dialysis/ OR dialysis access.m.p. OR arteriovenous
fistula.m.p. or Arteriovenous Fistula/). A manual search of
the reference lists of included studies was performed to
identify additional studies. Conference abstracts were
considered to reduce the risk of publication bias.

Study selection. Two reviewers (I.W., H.Y.) screened the
studies independently for potential inclusion, first by ab-
stract and title screening. Thereafter, full texts of studies
preliminarily included were obtained and reviewed in
their entirety to confirm inclusion. Conflicts were
resolved by consensus or by appeal to the senior author.
Any randomized or nonrandomized study that evalu-

ated the use of DCBs in patients with vascular access
stenosis was included. Comparative studies, noncompar-
ative studies, and studies investigating HD patients with
central venous stenosis were also included. Studies of
the following designs were excluded: non-English lan-
guage, case reports and case series, animal and labora-
tory studies, literature reviews, and conference abstracts
with no extractable data.

Data extraction. Primary outcomes of interest included
primary patency measured at 6 and 12 months. Second-
ary outcomes included minor and major complications.
Two authors (I.W., H.Y.) independently extracted the
following data from each study independently: first
author, year, type of publication, mean age, male sex,
recurrent or de novo lesion, inflation time, predilation or
postdilation, brand of device and paclitaxel, level of
target lesion, and primary and secondary outcomes of
interest. Conflicts were resolved by consensus or by
appeal to the senior author.

Quality assessment. The quality of randomized
controlled trials (RCTs) was assessed using the Cochrane
Risk of Bias tool, encompassing the following seven do-
mains: random sequence generation (selection bias),

allocation concealment (selection bias), blinding of par-
ticipants and personnel (performance bias), blinding of
outcome assessment (detection bias), incomplete
outcome data (attrition bias), selective reporting (report-
ing bias), and other biases. For cohort studies, the
Newcastle-Ottawa Scale23 was employed to assess the
quality of included studies. It comprises aspects of pa-
tient selection, comparability of study groups, and
outcome assessment, and studies can be awarded a
maximum of 9 points. Noncomparative studies were
awarded a maximum of 6 points. Publication bias was

Fig 1. Preferred Reporting Items for Systematic Reviews
and Meta-Analyses flow diagram.
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assessed by judging the degree of symmetry in the
funnel plot when 10 or more studies were included in an
outcome.

Statistical analysis. The risk ratio (RR) for primary
patency was calculated from each study and pooled by
the Mantel-Haenszel method with 95% confidence
intervals (CIs) using Review Manager software (RevMan
5.3; The Cochrane Collaboration, Copenhagen, Denmark).
Statistical heterogeneity was assessed using the I2 sta-
tistic, whereby a value >50% is deemed to be of sub-
stantial heterogeneity. In such instances, a random-
effects meta-analysis was conducted to account for
interstudy heterogeneity. Otherwise, a fixed-effects
model was chosen when the I2 statistic value was
#50%. A subgroup analysis was performed to differen-
tiate cohort studies from RCTs as well as to segregate
studies investigating HD patients with central vein ste-
nosis. To ensure that findings prevail with better-quality
data, various sensitivity analyses were performed. For
instance, studies deemed to be of poor quality, those
including both fistulas and grafts, and those employing a
crossover analysis were excluded in sensitivity analysis.
Noncomparative studies were not included in the meta-
analysis but instead were narratively reviewed.

RESULTS
Systematic search. The systematic search revealed 182

studies, of which 136 remained after duplicate removal.
After title and abstract screening, 39 studies remained
and were reviewed in their entirety. A total of 17 studies
were included after full-text review: 8 RCTs,12,15,19-21,24-26

6 retrospective studies,18,27-31 and 3 prospective cohort
studies.32-34 A total of 15 studies were included in the
meta-analysis. The systematic search process is depicted
in the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses flow diagram (Fig 1).

Characteristics and risk of bias of included studies.
Among the cohort studies, two were noncompara-
tive,31,33 whereas four studies18,28,30,32 employed a cross-
over design analysis whereby patients served as their
own control. A total of 1113 stenotic dialysis accesses were
included, of which 609 (54.7%) underwent DCB angio-
plasty and 504 (45.3%) underwent CBA. In terms of
diagnostic modality, 10 studies employed angiography
(>50% stenosis), 4 studies measured inflow rate
(<300 mL/min), 2 studies used clinical diagnosis, and 1
study employed catheter-directed venography. All
studies looked at interventions for arteriovenous fistulas,
except for two studies15,25 that included both

Table. Baseline characteristics of included studies

First author, year
Study
design Comparison

Total No. of fistulas
(PCB/control) Level of TL

Recurrent/de
novo lesion

Teo, 2013 RCT PCB vs CBA 30 (14/16) NR Recurrent

Lai, 2014 PCa PCB vs CBA 20 (10/10) RC swing Recurrent

Patane, 2014 PC PCB only 26 Venous outflow 7/19

Kitrou, 2015 RCT PCB vs CBA 40 (20/20) Venous outflow NR

Swinnen, 2015 RC PCB vs CBA 74 (37/37) NR Recurrent

Verbeeck, 2016 RC PCB only 70 Venous outflow Recurrent

Roosen, 2017 RCT PCB vs CBA 34 (16/18) Venous outflow Recurrent

Lucev, 2018 RC PCB vs CBA 62 (31/31) Venous outflow De novo

Maleux, 2018 RCT PCB vs CBA 64 (33/31) Venous outflow 32/32

Qamhawi, 2018 RCa PCB vs CBA 52 (26/26) Venous outflow 8/44

Trerotola, 2018 RCT PCB vs CBA 285 (141/144) Venous outflow, RC swing,
inflow, cannulation zone,
cephalic arch, anastomotic

203/82

Zheng, 2018 RCa Combined PCB þ CBA 12 Venous outflow, access zone Recurrent

Massmann, 2015 PC PCB vs CBA 25 (10/15) Central venous Recurrent

Kitrou, 2017 RCT PCB vs CBA 40 (20/20) Central venous 27/13

Hongsakul, 2018 RCa PCB vs CBA 32 (16/16) Central venous Recurrent

CBA, Conventional balloon angioplasty; HD, hemodialysis; NR, not reported; PC, prospective cohort; PCB, paclitaxel-coated balloon; RC, retrospective
cohort; RC swing, “swing segment” of a distal radial-cephalic native arteriovenous fistula; RCT, randomized controlled trial; TL, target lesion.
aCrossover analysis design.
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arteriovenous grafts and fistulas. Among RCTs, the overall
risk of bias was low. Most studies (80%) had high risk of
detection and performance bias due to limitations
associated with blinding of surgeons and operators.
Among cohort studies, the overall risk of bias was low as
all studies scored a minimum 7/9 as assessed using the
Newcastle-Ottawa Scale (Supplementary Figs 1 and 2,
online only). The risk of publication bias was low, given
symmetry in Deeks funnel plot (Supplementary Figs 3
and 4, online only). A summary of procedural details,
mean age, and sex can be found in the Table.

Six-month primary patency. The forest plot of 6-month
primary patency rates between the DCB angioplasty and
CBA groups is depicted in Fig 2. The 6-month cumulative
patency in the DCB angioplasty and CBA groups was
71.0% and 49.2%, respectively. Using a random-effects
model, there was a significantly superior 6-month pri-
mary patency in the DCB angioplasty group (RR, 0.57;
95% CI, 0.44-0.74; P < .0001; I2 ¼ 62%) in comparison to
the CBA group. This would mean that the arteriovenous
fistulas of patients in the DCB angioplasty group had a
0.57 times reduced risk for development of stenosis
compared with the CBA group. A similar observation was
noted in subgroup analysis of cohort studies (RR, 0.41;

95%CI, 0.28-0.60; P < .00001; I2 ¼ 40%) and RCTs (RR,
0.71; 95% CI, 0.52-0.98; P ¼ .03; I2 ¼ 63%), in which the
cumulative patency in the DCB angioplasty group was
higher than in the CBA group (75.6% vs 36.6% for cohort
studies; 69.0% vs 54.7% for RCTs). Given the significant
risk of performance, detection, and attrition biases in the
RCT by Roosen et al,21 a sensitivity analysis was per-
formed; this showed a significantly superior 6-month
primary patency in the DCB angioplasty group (RR,
0.54; 95% CI, 0.46-0.63; P < .00001; I2 ¼ 40%), and the
cumulative patency was higher in the DCB angioplasty
group (72.6% vs 49.1%). This was similar as well in both
subgroup analyses of RCTs and cohort studies. Another
sensitivity analysis was performed by removing four
studies that employed a crossover design analysis. The
6-month primary patency remained significantly supe-
rior in the DCB angioplasty group (72.4%; RR, 0.61; 95% CI,
0.44-0.84; P ¼ .003; I2 ¼ 67%) in comparison to the CBA
group (53.7%). Another sensitivity analysis was performed
by removing two studies15,25 that included both arterio-
venous fistulas and grafts, and results were again
consistently in favor of the DCB angioplasty group, with a
higher cumulative patency (70.3%) compared with
the CBA group (48.1%; RR, 0.56; 95% CI, 0.41-0.75;
P ¼ .0001; I2 ¼ 66%).

Table. Continued.

Inflation time,
minutes

Predilation or
postdilation

Brand of device and
paclitaxel Used for HD Age, years, PCB/control

Male sex, %,
PCB/control

NR NR IN.PACT FreePac >3 months after
formation

NR/NR NR/NR

1 Both SeQuentPlease
PACCOCATH

NR 67.2 6 9.4 for all 60 for all

>2 Postdilation IN.PACT FreePac NR 71 6 13 for all 80.8 for all

1 Postdilation IN.PACT FreePac >1 session 64.3 6 14.5/57.0 6 14.2 60/70

NR Predilation IN.PACT FreePac 28 on HD,
3 nonmatured

56.1 6 NR 48.4 for all

1 Postdilation IN.PACT FreePac Yes 62.5 6 13.8 75.6 for all

NR NR Invatec, Medtronic Yes Median, 80 (71-86)/median,
83 (78-86)

43.8/77.8

3 Predilation IN.PACT FreePac Yes 62.8 6 17.2/67.0 6 8.4 51.6/48.4

2 Predilation IN.PACT FreePac Yes 69.3 6 14.9/66.9 6 17.0 72.7/58.1

NR NR NR NR 72.3 6 14.0/72.3 6 14.0 53.8/53.8

2 Predilation Lutonix Yes 64.0 6 15.0/61.0 6 13.0 61.7/59.0

2 NR Lutonix Yes 63.3 6 2.7/63.3 6 2.7 NR/NR

1 Both Custom-made Elutax-SV Yes 64.5 6 11.2/66.8 6 15.0 60/60

2 Predilation Lutonix Yes 56.7 6 NR
(25-81)/57 6 NR (33-81)

70/75

3 Postdilation IN.PACT FreePac Yes 60.0 6 14.0/60.0 6 14.0 56.3/56.3
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Twelve-month primary patency. The forest plot of
12-month primary patency rates between the DCB
angioplasty and CBA groups is depicted in Fig 3. Similar
trendswere observed in 12-monthprimarypatency,which
was significantly better in the DCB angioplasty group
(44.2%vs 20.6%) in comparison to theCBAgroup (RR, 0.73;
95% CI 0.63-0.84; P < .0001; I2 ¼ 53%). Hence, the use of
CBA had a 1.4 times risk for development of stenosis at
12 months compared with DCB angioplasty. Subgroup
analysis of RCTs (RR, 0.82; 95% CI, 0.72-0.94; P ¼ .003;
I2 ¼ 10%) and cohort studies (RR, 0.62; 95% CI, 0.48-0.84;
P ¼ .0004; I2 ¼ 67%) likewise had similar results, hence
showing that the DCB angioplasty group had a higher
cumulative patency in comparison to the CBA group
(38.9% vs 24.4% for RCTs; 51.2% vs 15.9% for cohort
studies). A sensitivity analysis was performed by
removing the RCT by Roosen et al,21 and this showed
similar results in favor of the DCB angioplasty group,
which had a higher cumulative patency rate (45.6% vs
20.8%; RR, 0.69; 95% CI, 0.62-0.76; P < .00001; I2 ¼ 40%).
Another sensitivity analysis was performed by removing
four studies that employed a crossover design analysis,
and the 12-month primary patency remained signifi-
cantly superior in the DCB angioplasty group (47.2%; RR,
0.71; 95% CI, 0.58-0.86; P ¼ .0007; I2 ¼ 66%) compared
with the CBA group (23.6%). An additional sensitivity

analysis was performed by removing one study25 that
included both arteriovenous fistulas and grafts, and re-
sults were again consistently in favor of the DCB angio-
plasty group (RR, 0.73; 95% CI, 0.62-0.85; P < .0001; I2 ¼
57%), in which the cumulative patency rate was higher
(43.0% vs 18.2%).

Central venous stenosis in HD patients. Given that the
maximum diameters of current Food and Drug
Administration-approved DCBs, such as the Lutonix
(Bard Peripheral Vascular, Tempe, Ariz) and In.PACT Ad-
miral (Medtronic, SantaRosa, Calif), are too small for central
veins, various adjunctive strategies have been described by
the authors. In the study by Kitrou et al,12 predilation was
performed with a high-pressure balloon for 2 minutes, fol-
lowed by the insertion of a 12-mmLutonix balloon, inflated
for 2minutes. Hongsakul et al28 performed the angioplasty
by using two In.PACT Admiral DCBs (6-7 mm) through the
arm and right common femoral vein, inflated at normal
pressure (8 atm) for 3 minutes. This was followed by addi-
tional dilation with a larger balloon (ATLAS high-pressure
balloon; Bard) measuring 12 to 14 mm, inflated at 6 to
10 atm for 2minutes. Massmann et al34 employed custom-
made DCBs (Elutax-SV; Aachen Resonance, Aachen, Ger-
many), inflated at 14 atm for 1 minute. A random-effects
subgroup analysis of studies investigating central venous

Fig 2. Six-month primary patency with subgroup analysis. CI, Confidence interval; M-H, Mantel-Haenszel; PCB,
paclitaxel-coated balloon; RCT, randomized controlled trial.
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stenosis also showed significantly superior 6-month pri-
mary patency in the DCB angioplasty group (60.3%) in
comparison to theCBAgroup (22.1%; RR, 0.52; 95%CI, 0.35-
0.78; P ¼ .001; I2 ¼ 34%; Supplementary Fig 5, online only).
Furthermore, the DCB angioplasty group (41.2%) similarly
demonstrated superior 12-month primary patency in
comparison to theCBAgroup (10.3%; RR, 0.67; 95%CI, 0.55-
0.82; P ¼ .0001; I2 ¼ 0%; Supplementary Fig 6, online only).

Complications. With only three studies20,21,25 reporting
complications, the pooled rate of minor complications
was low in both the DCB angioplasty (1.1%) and CBA
(0.9%) groups. There were no major complications. In
one study,21 there was one case of an allergic reaction to
contrast material in the DCB angioplasty group and one
case of subtotal fistula occlusion in the control group
due to unknown cause. In the study by Irani et al,25 there
was one case of dissection, one case of pseudoaneurysm,
and one case of balloon rupture in the DCB angioplasty
group, whereas one case of venous rupture was noted in
the control group. The cause of complications was not
reported in the other study.20

Noncomparative studies. Two noncomparative
studies31,33 evaluated the efficacy of DCB angioplasty in
patients with dialysis access stenosis. Patane et al33 pro-
spectively evaluated 26 consecutive patients with

juxta-anastomotic stenosis of radiocephalic hemodia-
lytic shunt who were treated with DCB angioplasty.
Target lesion primary patency rates were 96.1% and
90.0% at 6 and 12 months, respectively. In a more recent
retrospective cohort study by Verbeeck et al,31 the pri-
mary patency rates were lower at both 6 months (81.4%)
and 12 months (60%).

DISCUSSION
The conceptual biologic benefit of DCB angioplasty is

based on the antiproliferative effects of paclitaxel on
vascular smooth muscle cells. Earlier applications of
DCB angioplasty occurred in the peripheral and coronary
circulation.35,36 In the context of peripheral artery disease,
endothelial injury arises from myriad cardiovascular risk
factors, such as smoking, diabetes, and hypertension.
This orchestrates platelet and smooth muscle cell activa-
tion, resulting in vessel wall thickening and stiffening.37 A
similar concept of neointimal hyperplasia can occur in
dialysis access, causing vessel stenosis and consequently
fistula or graft failure. Surgery-related trauma, repeated
dialysis needling, and other percutaneous interventions
potentiate endothelial injury and smooth muscle cell
migration, leading to neointimal hyperplasia and ulti-
mately venous stenosis, most commonly at the vein-
graft anastomosis or vein-artery anastomosis.3,38

Fig 3. Twelve-month primary patency with subgroup analysis. CI, Confidence interval; M-H, Mantel-Haenszel; PCB,
paclitaxel-coated balloon; RCT, randomized controlled trial.
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Evidently, the use of DCB angioplasty has widened to
include several conditions of the peripheral and coronary
arteries.11 For instance, the landmark Lutonix paclitaxel-
coated balloon for the prevention of femoropopliteal
restenosis (LEVANT I) and the drug-eluting balloon in pe-
ripheral intervention for the superficial femoral artery
(DEBATE-SFA) trials and long-term follow-up studies
collectively showed that DCB angioplasty is superior to
CBA in peripheral intervention for femoropopliteal artery
lesions, with reduced rates of restenosis and improved
patency.10,35,39 Although these findings have heightened
interest in the use ofDCBangioplasty for dialysis access in-
terventions, its initial use was met with controversy,
considering biologic differences between veins and ar-
teries40 (veins are known to develop stenosis way more
quickly than arteries). Some have attributed this differ-
ence to two reasons. First, as veins have a less structurally
well defined internal elastic lamina, this potentiates
smooth muscle cell and myofibroblast migration from
the media to the intima. Next, increased venous produc-
tion of nitric oxide and prostacyclin orchestrates endothe-
lial injury.3 Hence, the superior patency rates of DCB
angioplasty in coronary or lower limb arterial lesions may
not directly translate to venous lesions in dialysis access.
To our knowledge, this is the most up-to-date system-

atic review and meta-analysis comparing DCB angio-
plasty against CBA in patients undergoing HD. In
summary, both 6- and 12-month primary patency rates
are significantly better in the DCB angioplasty group in
comparison to the CBA group, and this remains consis-
tent in both RCTs and cohort studies. Furthermore, these
benefits extended to HD patients with central vein
stenosis.
Whereas our study attempted to uniformly summarize

the pool of evidence comparing DCB angioplasty against
CBA in HD patients, clinical heterogeneity remains unad-
dressed, including indications for treatment and defini-
tion of patency. Although a comprehensive effort was
made to perform various subgroup and sensitivity ana-
lyses to address heterogeneity in lesion characteristics
(central vein stenosis), study designs (RCT, cohort
studies), and study quality, other important subgroups,
such as fistula fashioning, level of stenosis, recurrent or
de novo stenosis, and patient comorbidities, have not
been accounted for. Despite our best attempt to collate
and stratify these data, these could not be analyzed suf-
ficiently because of the small sample size. Other limita-
tions arise from the inclusion of nonrandomized
studies, which are subjected to inherent biases. Selection
bias and confounding bias, for instance, are major weak-
nesses of these studies. Despite conducting a quality
assessment and corresponding sensitivity analysis,
findings from cohort studies must still be interpreted
with caution.
Although Khawaja et al17 published a systematic review

on a similar subject, they included only 6 studies totaling

254 fistula interventions. Despite similar conclusions, the
robustness of our methodology makes our findings more
recent and credible. Besides the significant increase in
sample size (866 vs 254), we have comprehensively
performed various subgroup analyses, not just to differ-
entiate study design but also to segregate studies specif-
ically investigating HD patients with central venous
stenosis. To our knowledge, as there has been no system-
atic review evaluating the efficacy of DCB angioplasty in
HD patients with central venous stenosis, the study offers
the first pooled evidence supporting the use of DCB an-
gioplasty in this select group of patients. Next, various
sensitivity analyses have been conducted in our review,
as opposed to the study by Khawaja et al.17 For instance,
studies with the crossover analysis design potentiate
significant heterogeneity as patients with multiple
lesions carry a higher risk of stenosis. To address this
major confounder, a sensitivity analysis was performed
by excluding these studies. Last, the results of the risk
of bias assessment were used to perform a sensitivity
analysis of good-quality studies to ensure that our find-
ings prevail.
Nonetheless, knowledge gaps remain that are unad-

dressed in this review, which future researchers should
consider. Cost-effectiveness is an important aspect in
clinical decision-making, particularly from repeated
interventions for restenosis. For instance, 6-month cumu-
lative patency rates of CBA are low, ranging from 23% to
38%,7,8 and restenosis results in frequent repeated inter-
ventions. Whereas clinicians are primarily concerned
about dialysis access type and related complications, pa-
tients may worry about the substantial economic burden
and downtime associated with repeated hospital admis-
sions for reinterventions,41 hence underscoring the need
to reduce the risk of restenosis. A cost-effectiveness
meta-analysis of 40 trials has shown that enhancements
to angioplasty, particularly DCB angioplasty, reduced life-
time costs and improved quality of life.42 Hence, the clin-
ical benefit of DCB angioplasty also translates to the
benefit of cost-saving for patients. Whereas DCBs incur
a higher initial cost, this may be offset by later cost-sav-
ings.43 Nonetheless, a long-term cost-effectiveness study
comparing DCB angioplasty and CBA is needed to
conclusively ascertain this.
As the technology of DCB angioplasty continues to

evolve, much remains to be seen with a sirolimus-
coated balloon.44 Preliminary, unpublished evidence
has reported encouraging safety and efficacy results of
a sirolimus-coated balloon (Magic Touch; Envision Scien-
tific PVT, Bhatpore, India) in coronary artery lesions.45 An
in vivo study investigated the use of a porous balloon
designed to deliver a nanoencapsulated solution of
sirolimus. Whereas clinical benefit cannot be proven
from this trial alone, it demonstrates the feasibility of
delivering therapeutic doses of sirolimus with balloon
angioplasty, a concept previously challenged, given
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molecular instability, slow vessel wall uptake, and poor
drug retention.46 More recently, the first in-human trial,
SELUTION FIM study (NCT02941224), reported encour-
aging results of a sirolimus-coated balloon for peripheral
artery lesions, with a median late lumen loss of the target
lesion of 0.19 mm 6 months postoperatively and a target
lesion revascularization rate of 2.3%. Nevertheless, more
trials with larger sample sizes are needed to establish
these findings.
Next, treatment of central venous stenosis requires

balloon diameters of 10 to 14 mm, which are currently
available on the market, such as the Lutonix
(10-12 mm). However, as some studies employed devices
that had smaller diameters, they may not be suited for
larger veins. Hence, additional procedures, such as predi-
lation and postdilation, were necessary.12,28 Although
Massmann et al34 reported the effective use of a
custom-made DCB (Elutax-SV), these are not yet
approved by the Food and Drug Administration and
hence may not be available in the United States. Until
newer devices specifically designed for central venous
stenoses are commercially available, it is expected that
the use of DCBs for these lesions will not be widely adop-
ted worldwide. Furthermore, the use of adjunctive
procedures to complement current devices should be
validated in future trials.
Last, standardization of surveillance methods can

reduce heterogeneity between studies. Regardless of
whether ultrasound, computed tomography, or angiog-
raphy is being employed, future trials should use similar
clinical and imaging parameters in their inclusion
criteria.47

CONCLUSIONS
In patients with dialysis access stenosis, DCB angio-

plasty has been shown to be a safe alternative to CBA,
offering superior patency rates at both 6 and 12 months.
However, given the small sample sizes of included
studies, we recommend for future research to consider
an adequately powered, well-designed RCT to establish
these findings. This should be accompanied with long-
term data reported in a homogeneous and standardized
manner.
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Supplementary Fig 1 (online only). Risk of bias graph for randomized controlled trials (RCTs).
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Supplementary Fig 2 (online only). Risk of bias summary
for randomized controlled trials (RCTs).

Supplementary Fig 3 (online only). Funnel plot assessing
publication bias for 6-month primary patency. RCT, Ran-
domized controlled trial; RR, risk ratio; SE, standard error.

Supplementary Fig 4 (online only). Funnel plot assessing
publication bias for 12-month primary patency. RCT, Ran-
domized controlled trial; RR, risk ratio; SE, standard error.
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Supplementary Fig 5 (online only). Subgroup analysis of 6-month primary patency of central venous stenosis. CI,
Confidence interval; M-H, Mantel-Haenszel; PCB, paclitaxel-coated balloon.

Supplementary Fig 6 (online only). Subgroup analysis of 12-month primary patency of central venous stenosis.
CI, Confidence interval; M-H, Mantel-Haenszel; PCB, paclitaxel-coated balloon.
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