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Abstract: Hemodialysis access stenosis is a pervasive problem that occurs due to the physiology
of the high-flow circuit. Stenosis occurs due to endothelial and smooth muscle injuries that result
in neointimal hyperplasia. Percutaneous transluminal angioplasty is the standard treatment for
dialysis access-induced stenosis. Unfortunately, it is also associated with vessel wall trauma, which
causes further intimal hyperplasia and restenosis. Data from randomized controlled trials (RCTs)
and systematic reviews of the use of drug-coated balloons (DCBs) for dialysis access stenosis have
been controversial. While several single-center trials or RCTs have reported safe and effective use
of DCBs, conflicting results still exist. Furthermore, paclitaxel is known to be associated with an
increased mortality risk. Herein, we review the current evidence on the role of DCBs in the treatment
of dialysis access stenosis.
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1. Introduction

A well-functioning vascular access is the lifeline for patients with end-stage kidney
disease on hemodialysis. Surgically created vascular access, such as arteriovenous fistula
(AVF) and arteriovenous graft (AVG), is the method of choice for long-term hemodialysis.
However, stenosis and thrombosis most frequently compromise the function of an AVF or
AVG. Clinical relapse of stenosis increases the morbidity and medical costs and reduces
the quality of life. The etiology of stenosis includes the procedure used to create vascular
access; the procedure is accompanied by several inflammatory processes induced by inci-
sion, suturing, and wound healing; puncture of the access circuit during dialysis; and the
inherent status of these patients, as they often experience oxidative stress and hypoxia [1].
These processes result in inflammation, endothelial dysfunction, and consequently, ve-
nous intimal hyperplasia, an aggressive fibromuscular thickening of the vascular wall
(Figure 1) [2]. On the cellular level, myofibroblasts and differentiated contractile smooth
muscle cells accumulate around the vascular wall and result in an extensive extracellular
matrix formation [3]. Endovascular treatment methods can be used to manage stenosis;
however, subsequent negative vessel remodeling and neointimal hyperplasia contribute to
restenosis, induced mainly by barotrauma and inflammation following angioplasty [4,5].
Therefore, restenosis can be prevented by slowing the proliferative process, which is the tar-
get pharmacologic effect of drug-coated balloons (DCBs). These DCBs maintain a sustained
release of anti-proliferative drugs without the use of permanent implants.

The use of DCBs were adopted to manage the vascular access following the reports
on effective inhibition of intimal hyperplasia and consequent reduction in restenosis of
the coronary and peripheral arteries. The mechanism of action of DCBs is based on a
combination of angioplasty and local drug delivery using specially designed carriers
applied over the balloon’s surface; this drug delivery system contributes to the effective
delivery and adhesion of a cytotoxic drug, paclitaxel, to the vessel wall [6]. Paclitaxel can
slow the process of restenosis by potentially minimizing the cellular component in venous
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intimal hyperplasia. In this review, we aimed to provide the current evidence on the clinical
effectiveness and safety outcomes of DCB in arteriovenous access for hemodialysis.
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(b)

Figure 1. Arteriovenous fistula with intimal hyperplasia and negative remodeling. Extensive cellular proliferation is
observed (hematoxylin—eosin stain). (a) Section of the vein where stenosis has occurred; (b) magnification view.

2. Overview of DCBs

Local drug delivery technology has been used in coronary and lower limb interven-
tions since the 1990s [7]. The currently available DCBs are summarized in Table 1. DCBs
include three main components: a standard balloon platform, a drug coated on the ex-
ternal surface of the balloon, and a ligand (excipient) that binds the drug to the balloon
(Figure 2) [8]. The primary role of the balloon platform is satisfactory drug delivery; there-
fore, vessel preparation before the application of a DCB and prolonged inflation time
of DCB are important events for a successful outcome [9]. A recently published report
confirmed that the procedural details had a significant role in target lesion primary patency
(TLPP); pre-dilation before DCB angioplasty (77% with pre-dilation vs. 48.6% without
pre-dilation, p = 0.0005) or DCB dilation for >120 s (p = 0.007) significantly improved TLPP
in a subgroup analysis [10].

Table 1. Drug-coated balloons that are currently available.

Dose .. NP RBP Diameter Length
Product Company Drug (ng/mm?) Excipient (atm) (atm) (mm) (mm)
IN.PACT AV Medtronic  Paclitaxel 3.5 Urea 8 9,10,14 4-10,12 40,60,80,120
Lutonix AV BD Paclitaxel 2.0 Polysorbate/ ¢ , 10,11,12 5-8 40,60,80,100
sorbitol
. Concept - . 20,40,60,80,100,
MagicTouch Medical Sirolimus 1.27 Phopholipid 6 16 3-10,12 120150,200
SeQuent Please B. Braun Paclitaxel 3.55 Iopromide 6 12-16 4-8 40,60,80,120,150

NP, nominal pressure; RBP, rated burst pressure.

The use of a lipophilic excipient results in homogenous transfer of the drugs onto
the vessel wall. The commonest drug used on DCBs is paclitaxel. It is a cytotoxic agent
with hydrophobic-lipophilic properties that facilitate its cellular uptake. When paclitaxel
is absorbed by the cell, it stops the cell cycle in the M-phase of mitosis by inhibiting
the disassembly of the microtubular spindle, which prevents neointimal hyperplasia by
driving the cells to apoptosis and inhibits the migration of vascular smooth muscle cell and
fibroblasts into the intima [11]. Meaningful reduction of restenosis in peripheral arterial
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Drug coated balloon
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lesions due to paclitaxel’s antiproliferative properties was reported, which suggested its
potential in patients with dialysis access stenosis [12,13].

Balloon

Figure 2. Schematic diagram of a drug-coated balloon (DCB). DCBs include three main components: a standard balloon

platform, a drug coated over the external surface of the balloon, and a ligand (excipient), that binds the drug to the balloon.

When the DCB is inflated in the stenotic lesion, the drug molecules are absorbed and distributed in the vessel wall.

The currently available paclitaxel DCBs for dialysis access include the Lutonix balloon
(Lutonix 035 DCB Catheter; Lutonix, Inc., Maple Grove, MN, USA) and the IN.PACT
balloon (IN.PACT 035 DCT Catheter; Medtronic, Dublin, Ireland). The Lutonix balloon uses
paclitaxel coating with a drug dose density of 2 ug/mm?, and the ligand includes sorbitol
and polysorbate. In contrast, the IN.PACT balloon is loaded with a higher concentration of
paclitaxel (3.5 pug/ mm?) and uses a urea-based excipient [8]. However, the higher density
of the IN.PACT balloon does not seem to result in a significant difference in action between
the two balloons. Compared to the Lutonix balloon, the IN.PACT balloon has demonstrated
greater drug loss with dry handling or inflation and greater downstream embolization,
which did not result in a higher dose delivered to the target lesion [14].

Another drug used to prevent restenosis is sirolimus. A sirolimus-based DCB is a
second-generation DCB that has been successfully used to prevent restenosis in the coro-
nary vessels. Sirolimus is a macrocyclic lactone antibiotic with immunosuppressive and
antiproliferative properties. It is different from paclitaxel in terms of its mechanism of
action and physicochemical properties. Sirolimus is cytostatic and stops the cell cycle
in the G1 phase by inhibiting the mammalian target of rapamycin [15]. The immuno-
suppressive properties of sirolimus are considered beneficial for the suppression of the
local inflammatory response, whereas paclitaxel demonstrated a reduced suppression of
inflammation in a preclinical model of a drug-eluting stent [16]. Peak concentrations of
paclitaxel are found in the adventitia, whereas all layers of the vascular wall contain similar
concentrations of sirolimus [17]. Due to these properties of sirolimus, it was suggested as a
treatment option in thrombosed AVGs, and the results of a recent pilot study suggested that
a sirolimus-coated DCB may be a feasible option in improving the patency outcomes [18].

3. Effectiveness of DCBs in Preventing Restenosis of Arteriovenous Access According
to Randomized Controlled Trials

To date, several clinical trials have reported on the efficacy of DCBs and their superi-
ority over non-DCBs in arterial occlusive diseases; however, the results were conflicting
(Table 2). Two recent large multicenter randomized controlled trials (RCTs) have reported
promising results. Trerotola et al. compared DCBs to conventional balloons in failing
autogenous fistulas accompanied by up to two lesions, with one being a non-target lesion
and the other being a target lesion [19]. In this study, these lesions were predilated using
balloon angioplasty with high-pressure balloons to achieve an effacement of the waist to
<30% of residual stenosis, which was the primary inclusion criterion. Overall, 285/314
(90.8%) met the inclusion criterion of successful pre-dilation and were included in the study.
At 6 months, the number of interventions needed to maintain the target lesion patency
were significantly fewer in the DCB group than in the conventional balloon group (0.31
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vs. 0.44 per patient, respectively; p = 0.034). TLPP rates were higher in the DCB group
than in the conventional balloon group at 9 months (58% =+ 4% vs. 46% =+ 4%, respectively;
p = 0.02) and 12 months (44% =+ 5% vs. 36% =+ 4%, respectively; p = 0.04). However, this
difference was not observed subsequently (34% =+ 5% vs. 28% =+ 4%, respectively; p = 0.06
at 18 months; 27% =+ 4% vs. 24% =+ 4%, respectively; p = 0.09 at 24 months).

Table 2. Randomized controlled trials on the effect of drug-coated balloons on vascular access stenosis in hemodialy-

sis patients.

Year Author N Access Results
2012 Katsanos et al. [21] 40 AVE AVG TLPP at 6 mo, 70% DCB vs. 25% POBA (p < 0.001)
2015 Kitrou et al. [22] 40 AVE TLR-free survival: 308( ;i)z)s(ng vs. 161 days POBA
2015 Kitrou et al. [23] 40 AVE, AVG TLPP at 12 mo: 35% DCB vs. 5% POBA (p < 0.001)
. Median intervention free period (central vein)
2017 Kitrou etal. [24] 40 AVE AVG 179 days DCB vs. 124.5 days POBA (p = 0.026)
TLPP at 6 mo: 81% DCB vs. 61% POBA (p = 0.03)
. TLPP at 12 mo: 51% DCB vs. 34% POBA (p = 0.04)
2018 frani et al. [25] 19 AVE, AVG ACPP at 6 mo: 76% DCB vs. 56% POBA (p = 0.048)
ACPP at 12 mo: 45% DCB vs. 32% POBA (p = 0.16)
2018 Trerotola et al. [26] 285 AVF TLPP at 6 mo: 71% DCB vs. 63% PTA (p = 0.06)
PP at 3 mo: 88% DCB vs. 80% PTA (p = 0.43)
2018 Maleux et al. [27] 64 AVFE PP at 6 mo: 67% DCB vs. 65% PTA (p = 0.76)
PP at 12 mo: 42% DCB vs. 39% PTA (p = 0.95)
. Mean intervention free period
2019 Bjorkman, etal. [28] 39 AVE 110 days DCB vs. 193 days POBA (p = 0.06)
2020 Lookstein et al. [20] 330 AVE TLPP at 180 days: 82.2% DCB vs. 59.5% POBA (p < 0.001)
IN.PACT Adverse event: 4.2% DCB vs. 4.4% POBA (p = 0.002)
TLPP at 9 mo: 58% DCB vs. 46% POBA (p = 0.02)
2020 Trerotola et al. [19] 285 AVE TLPP at 12 mo: 44% DCB vs. 36% POBA (p = 0.04)
LUTONIX TLPP at 18 mo: 34% DCB vs. 28% POBA (p = 0.06)
TLPP at 24 mo: 27% DCB vs. 24% POBA (p = 0.09)
TLPP at 6 mo: 153.0 days DCB vs. 141.7 days POBA
Moreno-Sanchez, et al (p = 0.068)
2020 ’ ’ 136 AVE AVG TLPP at 12 mo: 265.8 days DCB vs. 237.8 days POBA
[29]
(p = 0.369)
Mortality: 5.7% DCB vs. 9% POBA (p > 0.05)
TLPP at 6 mo, 71.7% DCB 84.5% POBA
2021 Karuanithy et al. [14] 212 AVE TLPP at 12 mo, 52.5% DCB and 58.8% POBA

PAVE

Time to loss of TLPP: DCB compared with the POBA-HR,
1.18; 95% CI, 0.78 to 1.79; p = 0.440)

AVFE, arteriovenous fistula; AVG, arteriovenous graft; TLPP, target lesion primary patency; DCB, drug-coated balloon; POBA, plain old
balloon angioplasty; ACPP, access circuit primary patency; HR, hazard ratio; CI, confidence interval; mo, months; PAVE, paclitaxel-coated
balloons and angioplasty of AV fistulas trial.

The IN.PACT trial by Lookstein et al. is the second study on the efficacy of DCBs [20].
It is an international RCT that includes centers from USA, Japan, and New Zealand.
Currently, 6 months of follow-up results of 330 randomized patients are available. At
6 months, TLPP was significantly higher with DCB than that without DCB (82.2% (125/152)
vs. 59.5% (88/148), respectively; p < 0.001).

However, a recent trial revealed a contrasting outcome. In 2021, the paclitaxel-coated
balloons and angioplasty of AV fistulas (PAVE) trial was conducted with 212 randomized
patients [14]. Time to loss of TLPP with DCB was not significantly different from that
with the standard balloon (hazard ratio (HR), 1.18; 95% confidence interval (CI), 0.78-1.79;
p = 0.440) [14]. One possible explanation for the contrasting result between the PAVE and
IN.PACT trials is that the trials used different treatment balloons with different drug doses,
although this does not refer to the actual doses that reached the target.

There are several reports on the effects of DCBs according to the location of stenosis.
Kitrou et al. reported on the use of DCBs in the treatment of symptomatic central venous
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stenosis [30]. They conducted a multicenter, single-arm, retrospective analysis; at 6 months,
the intervention-free period in the treated segment was 62.7% and the access circuit survival
was 87.7%. In comparisons of DCB and conventional balloon on juxta-anastomotic stenosis,
TLPP in the DCB group was significantly higher than that in the conventional balloon group
at 12 months (81.8% vs. 51.1%, respectively; p = 0.01), whereas there was no difference at
6 months (93.1% vs. 81.3%, respectively; p = 0.14) [31].

Recently published results of a DCB trial of 392 treatment areas in 320 participants
from Europe and Asia who underwent DCB angioplasty included data from the Lutonix AV
Global Registry, which is a multicenter, single-arm real-world registry, and suggested that
a DCB is a safe and effective treatment option [10]. The access circuit primary patency was
71% at 6 months, and TLPP for stenosis of AVFs was 78.1%. The primary safety endpoint
was achieved in 95.5% of participants, and TLPP was 73.9% at 6 months.

So far, the results of systematic reviews have not been conclusive either. There have
been eight systematic reviews with meta-analyses; improved outcomes with DCBs were
reported in seven [32-38], while similar outcomes between DCB and conventional balloon
were reported in one [39]. Even the three most recently published meta-analyses of 2020
have reported contradictory findings [36-39]. A meta-analysis of 10 studies (five random-
ized controlled trials and five cohort studies) by Yuan et al. included 861 stenoses in AVFs
that were treated using DCBs (48.8%) and conventional balloons (51.2%). This study con-
cluded that the primary patency rates for failing hemodialysis access at 6 and 12 months
were significantly better in the DCB angioplasty group than those in the conventional
balloon group (70% vs. 54% and 59% vs. 37%, respectively) [28]. Another meta-analysis of
12 studies (six randomized controlled trials and six cohort studies) by Cao et al. included
979 stenoses in AVFs that were treated with DCBs (47.9%) and conventional balloons
(52.1%). Their pooled results revealed that AVFs treated with DCBs had significantly fewer
incidences of target lesion revascularization at 6 months (odds ratio (OR), 0.31; 95% CI, 0.14—
0.69, p = 0.004) and 12 months (OR, 0.45; 95% CI 0.21-0.97, p = 0.04) than did those treated
with conventional balloons [36]. Chen et al. summarized 16 studies (12 RCTs and four
cohort studies) involving 1086 patients, and they observed a significantly better primary
patency in the DCB group than the conventional balloon group (HR, 0.47; 95% CI, 0.33-0.69;
p < 0.001; 12 = 67.3%) [38]. However, the results of the meta-analysis by Liao et al. were
different [39]. They compared 11 RCTs that included 487 patients treated with DCBs and
489 patients treated with conventional balloon angioplasty and found that the TLPP rates
at 6 and 12 months were not significantly different between them (relative risk (RR), 0.75;
95% CI, 0.56-1.01; p = 0.06 and 0.89, 95% CI; 0.79-1.00; p = 0.06, respectively). The disparity
between the meta-analyses could be due to the inclusion of recent large scale multicenter
studies, heterogeneity between the types of studies, or the number of patients included.
The Kidney Disease Outcomes Quality Initiative was not conclusive regarding the use of
specialized balloons (drug coated or cutting) over standard high-pressure balloons in the
primary treatment of AVF and AVG stenosis due to the lack of sufficient data regarding the
use of DCBs [40].

Therefore, the findings of recent large scale randomized studies, and meta-analyses
were in favor of using DCBs for dialysis access, while the evidence in favor of DCBs
continues to mount; however, controversies related to the conflicting results have not
yet ended.

4. Safety of DCBs in Arterial Diseases

A paclitaxel-based device was first made available as a coronary stent. Paclitaxel-
eluting stents were the default control stent in several trials on new-generation drug-
eluting stents. An extended follow-up period of 5 years is available for thousands of
patients with coronary disease [41]. DCBs have been used in coronary vessels since
2006, and there have been no concerns regarding the use of paclitaxel-coated balloons
in the coronary vasculature, which is supported by the findings of registry studies and
randomized trials [42]. However, success in maintaining the coronary circulation has
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not translated into similar solutions in peripheral artery diseases. Since Katsanos et al.
reported an increase in the number of deaths in the DCB group, safety has become a
major concern in the use of DCBs [43]. This meta-analysis summarized the data from
28 randomized trials and reported late mortality with a dose-response relationship. The
U.S. Food and Drug Administration (FDA) reported similar late mortality based on an
analysis of patient-level data; however, there was no definite evidence of a dose-response
relationship. Consequently, the FDA has recommended the use of DCBs only for high-
risk patients with peripheral arterial diseases. Since the FDA advisory panel proposed
their recommendation, several studies have evaluated the association of mortality with
paclitaxel but the mortality signal was not replicated in most of them [44—46]. However,
one meta-analysis by Rocha-Singh et al. reported an association with an absolute increase
in the mortality rate of 4.6% [47] and the exact reason for the mortality signal was reported;
therefore, the mortality signal cannot be overlooked.

5. Safety of DCBs in Arteriovenous Access

The increased risk of mortality that was observed with DCBs in peripheral arterial
disease has raised concerns for the population on dialysis. To date, there has been no
similar signal observed in the population on hemodialysis. The Lutonix trial was the first
study to observe mortality specifically in patients on dialysis, and the 2-year data from the
Lutonix AV trial demonstrated no increase in mortality with DCB angioplasty [19]. The
DCBs achieved a non-inferior safety endpoint (freedom from local or systemic adverse
event) in 95% of patients at 30 days, which was unchanged at 6 months. The cause of
mortality also did not show any difference between DCBs and conventional balloons. A
meta-analysis conducted in 2020 included 16 studies (12 RCTs and four cohort studies)
with 1086 patients who underwent endovascular treatment for dysfunctional vascular
access [38]. In this meta-analysis, the all-cause mortality rates at 6, 12, and 24 months after
the intervention were similar for the DCB and conventional balloon groups (6 months:
OR, 1.06; 95% CI, 0.38-2.96; p = 0.907; 12 = 19.2%; 12 months: OR, 1.20; 95% CI, 0.66-2.16;
p = 0.554; 12 = 0%; and 24 months: OR, 1.43, 95% ClI, 0.83-2.45; p = 0.195; 12 = 0%). Another
meta-analysis that included eight studies revealed a similar all-cause mortality in DCBs
in comparison with conventional balloons (11.2%; RR, 1.26; 95% CI 0.85 to 1.89; p = 0.25;
12 = 0%) [33].

Therefore, there is still no evidence of increased mortality in patients on dialysis with
DCBs, and further large studies with long-term follow-up periods are needed.

6. Future Perspectives on Arteriovenous Access

The major studies that are now available provide a high level of evidence; however,
the available results of arteriovenous access stenosis are not homogeneous. Dysfunction of
vascular access significantly degrades a patient’s quality of life. Drug delivering technology
that can mitigate the proliferative processes related to the stenosis of vascular access is likely
to continue developing despite the mortality concerns raised in the peripheral arteries.
Considering that vascular access stenosis frequently occurs in patients on dialysis, the
relatively high costs of DCBs should be offset by their apparent superiority in patency and
safety. More long-term data regarding the potential role of DCBs in vascular access in terms
of the safety and efficacy are needed to validate the findings of the aforementioned studies.
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