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Abstract: Dialysis access interventions have undergone significant developments over the last few decades.
Angioplasty has been the mainstay of therapy since the early interventions in the 1980s and 1990s, but poor
long-term patency and early loss of access has led investigators to assess other devices to treat stenoses
associated with dialysis access failure. Multiple retrospective studies of stents for treatment of stenoses
that did not respond to angioplasty demonstrated that the long-term outcomes were not improved over
angioplasty alone. Cutting balloons have been studied in a prospective randomized fashion but also showed
no long-term improvement over angioplasty alone. Prospective randomized trials have demonstrated that
stent-grafts have superior primary patency of the access and the target lesions than angioplasty. The purpose
of this review is to summarize the current state of knowledge regarding stent and stent graft use in dialysis
access failure. We will discuss the early observational data related to stent use in dialysis access failure
including the earliest reports of stent use in dialysis access failure. This review will then focus the review on
the prospective randomized data that supports the use of stent-grafts in specific areas of access failure. These
include venous outflow stenosis related to grafts, cephalic arch stenoses, native fistula intervention, and the

use of stent-grafts to revise in-stent restenosis. Each of these applications will be summarized and the current

status of the data will be reviewed.
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The use of stents in the management of hemodialysis
access failure has been a controversial topic since the
1980s. Initially, angioplasty was noted to decrease surgical
interventions by 30% and increase the longevity of dialysis
shunts by up to 1 year (1). With time, it became clear that
while angioplasty could alleviate immediate dysfunction
in a dialysis access, the stenoses that were treated with
angioplasty were prone to restenosis related to intimal-
medial hyperplasia (2). Stents offered the promise of
minimally invasive therapy that would keep the angioplasty
site open for longer and lead to longer periods without
intervention. The purpose of this review is to summarize

the data on stent usage in hemodialysis access. This
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will include distinction between stents and stent-grafts,
and we will summarize the data related to dialysis grafts
dysfunction, arteriovenous (AV) fistula dysfunction and
treatment of the more central aspects of the dialysis circuit

including the cephalic arch.

The early data: non-covered stents in
hemodialysis grafts

Beathard described the first series of stent use in
hemodialysis grafts in 1993 (3). In this trial, 30 Gianturco
Z stents (Cook, Inc., Bloomington, IN, USA) were placed
after angioplasty in stenoses associated with PTFE grafts
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Figure 1 This patient had a central venous occlusion that required stenting of the innominate vein up to the confluence with the superior

vena cava. The innominate occlusion (A) was crossed and a SMART stent was placed. Over time, intimal hyperplasia resulted in in-stent

restenosis (B) that was treated with angioplasty to restore the lumen of the stent (C). Also note the stent in the outflow basilic vein.

while 30 patients had angioplasty alone. Primary patency
was compared between the two groups and correlated
with historical patency data from another 185 previously
angioplastied patients. Primary patency at 1 year was 17%
in the stented group and 28% in the angioplasty control
group. Kaplan-Meier analysis revealed that the stent offered
little advantage over angioplasty alone. In 1995, Quinn ez 4.
reported the outcomes of 50 patients treated with stents that
were randomized to angioplasty. 44 of these were Gianturco
stents, 1 was a Palmaz stent (Johnson & Johnson), and 5
were Wallstents (Boston Scientific) used for central stenoses.
Again, the patency of stents was not superior to angioplasty
alone. One-year primary patency was 10% in the stented
patients and 11% in the angioplasited patients (4).
In 1997, Hoffer et al. reported the first randomized trial
of the Wallstent vs. angioplasty in hemodialysis access (5).
The hypothesis was that the greater flexibility of the
Wallstent would enable successful stenting without as much
neointimal hyperplasia as was seen with the Gianturco
stents. Thirty-seven grafts were evaluated in 34 patients.
Seventeen received Wallstents and 20 received angioplasty
alone. Primary and secondary patency was 128 and
431 days without significant difference in either group
despite a decrease in the number of interventions needed
to achieve secondary patency in the angioplasty group
(1.8 vs. 0.8). In 2005, Vogel et al. performed a prospective
study of the SMART stent to test the hypothesis that the
SMART stent (Cordis) used in salvage situations (rupture,
elastic recoil, or rapid restenosis) would provide a better
6-month patency than successful angioplasty (6). This was

a non-randomized trial in which stents were used when
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recoil resulted in a 30% stenosis after angioplasty; the vessel
ruptured after angioplasty, or the patient had a stenosis
that recurred after angioplasty within 3 months for central
lesions and 2 months for peripheral lesions. Twenty-five
patients received SMART stents, and 35 patients were
treated with angioplasty alone. The primary patency was
5.6 months for angioplasty and 8.2 months for the SMART
stent group (P=0.05). The secondary patencies were not
statistically significant. An example of a non-covered
SMART stent is shown in Figure I.

A better tool: the use of stent-grafts for dialysis
grafts

In 2010, Haskal er al. reported the first prospective
randomized trial of treatment for dialysis graft venous
anastomotic stenoses with angiographic follow-up
at 2 and 6 months (7). In this, the RENOVA trial,
190 patients with venous anastomotic stenoses of expanded
polytetrafluoroethylene (ePTFE) grafts were randomized to
angioplasty or treatment with ePTFE covered stent grafts
(Flair, Bard Peripheral Vascular). Mandatory venography
was required at 2- and 6-month follow-up for this trial to
determine the angiographic restenosis rate. In this trial,
the stent-graft group had a primary patency of 51%, and
the angioplasty group had a primary patency rate of 23%
which was noted to be lower than the estimate based on
prior small nonrandomized studies. Furthermore, the access
circuit patency was better at 38% vs. 20%. The 2-year
follow-up data was presented in 2016 (8) and demonstrated
a 2-fold increase in patency when stent grafts are used.
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Figure 2 This patient had a reconstruction of the cephalic arch and
outflow cephalic vein of their fistula. Note the in-stent stenoses are
confined to the ends of the stent-graft. This is the typical “candy-

wrapper” stenosis seen with stent-grafts.

A similar study was completed in 2016 comparing the
Viabahn (Gore) stent-graft to angioplasty in the outflow
stenoses in grafts. This study differed from the RENOVA
study in that is used functional endpoints for dialysis access
failure rather than forced angiographic measurements and
it included thrombosed and stenotic access circuits. The
outcomes were similar with 51.6% patency in the stent-
graft arm and 34.2% in the angioplasty arm. Furthermore,
Yang et al. performed a similar study in Taiwan in which
98 patients were randomized to either angioplasty or
Viabahn stent-graft at the venous anastomosis of grafts.
Three- and 6-month patency was significantly higher at
69% and 72% wvs. 9% and 29% from angioplasty (9).

Additional small studies: specialized anatomy:
cephalic arch, native fistulae, and the use of
stent-grafts to revise previous stents

The cephalic arch can be a particularly treacherous area to
manage in the hemodialysis patient. It tends to narrow as
it joins the axillary vein, is curved, and is prone to rupture.
Multiple investigators have evaluated the use of stent-grafts
in this location but the size of the trials tends to be small.
Rajan reported a randomized trial between stent graft and
angioplasty in 14 patients in 2016. In this small study, the
primary target lesion and access patency for stent grafts was
significantly greater with stent grafts than with angioplasty.
At 3, 6, and 12 months, the primary access patency was
100%, 67%, and 22% for stent grafts and only 20% for
angioplasty at 3 months with 0 primary patency at 6 and
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12 months (10). In 2019, D’cruz et al. reported a meta-
analysis of randomized control trials and observational
studies that involved interventions in the cephalic arch in
patients with brachiocephalic fistulae (11). The included
9 studies involved 473 patients. Two of these were
randomized controlled studies (10,12) that include a total of
30 patients. Only one of these randomized controlled trials
(RCT5) was presented as published manuscript and it only
included 14 patients (10). The other RCT was presented
as an abstract in 2016 and included 16 patients (12).
The remaining 427 patients were from retrospective
observational trials. In the meta-analysis, stent-grafts had
greater primary patency at 6 and 12 months than both bare
metal stents (relative risk =0.3).

For general use in native fistulae, Bent ez 4/. did report
patency rates in an observational study of 17 patients with
native fistula stenosis (13). Three-, 6-, and 12-month
patency in this small cohort was 94.1%, 88.2%, and 88.2%
suggesting that stent-grafts in native fistulae maintain their
patency in the short term.

In 2016, Falk ez 4l. reported results of the RESCUE trial
which sought to test the hypothesis that stent-grafts would
have better patency than angioplasty for in-stent restenosis.
In this trial, 275 patients were randomized between stent-
graft with the Fluency device (Bard Peripheral Vascular)
and angioplasty. There was a much greater patency after
stent graft with a 66% and 16% 6- and 12-month patency
with the device, and only 12% and 2.2% 6- and 12-month
patency for angioplasty (14). An example of a stent-graft is
shown in Figure 2.

Discussion

AV access for hemodialysis is the lifeline for most patients
with end-stage renal disease (ESRD). Angioplasty is still
the most commonly performed treatment for access related
stenoses. Stents were initially used because they addressed
the rapid recoil often seen with angioplasty. Molecularly,
angioplasty remodels the vein wall, stripping the
endothelium and cracking the intima-media of the vessel
to allow healing at a larger diameter. With rapid recoil,
that diameter is not maintained. Stents prevent the loss of
diameter from recoil but the intimal hyperplasia associated
with stents creates a long channel of narrowed intima/media
inside the stent struts that can be very difficult to manage
with angioplasty alone.

Currently, the data favors the use of stent-grafts in
specific situations for the management of dialysis access
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Table 1 Summary of research trials related to stent-grafts in dialysis access failure

Study Device patency (%) PTA patency (%)
Year Author Trial type Trial N Target lesion )
devict  3mo 6mo 12mo 24mo 3mo 6mo 12mo 24 mo
2010 Bent Observational - 17 Native fistula  Flair 941 88.2 88.2 - - - - -
stenosis
2013  Verstandig Observational — 52 Central veins Mixed 60 40 28 - - - - -
2010 & Haskal RCT RENOVA 190 Graft Flair - 51 476 26.9 - 23 248 13.5
2016 anastamosis
2015 Rajan RCT - 14 Cephalic arch; Viabahn 100 67 22 - 20 0 0 -
circuit
2015 Rajan RCT - 14 Cephalic arch; Viabahn 100 100 29 - 60 0 0 -
target
2017  Yang RCT - 98 Graft Viabahn 69 72 - - 9 29 - -
anastamosis
2016  Vesely RCT REVISE 293 Graft Viabahn - 51.6 - - - 34.2 - -
anastamosis
2016  Falk RCT RESCUE 275 In-Stent Fluency - 66 16 - - 12 2.2 -
restenosis

RCT, randomized controlled trial; mo, month.

failure. Namely, in venous outflow stenoses from grafts,
stent-grafts perform better than angioplasty alone and
will yield a longer primary patency and freedom from
intervention. Furthermore, cephalic arch stenoses seem to
do better with stent-grafts than with angioplasty despite
the small number of patients in the prospective randomized
studies performed. Also, in-stent restenosis in bare metal
stents has an excellent 6-month patency of 66% after
stent-graft placement through the in-stent restenosis. By
12 months, however, the primary patency falls to 12% due
to the “candy-wrapper” stenoses often seen within stent
grafts. Table 1 summarizes the current data about stent-
grafts in dialysis access intervention.

Practically, many interventionalists will approach
stents with some caution because once a stent is placed,
the flexibility of the vein and the need to manage in-stent
restenosis becomes the main technical issue to overcome.
If one can “get away with” angioplasty alone and get more
than 3 months of patency until the next intervention, many
practitioners will consider that acceptable despite the better
primary and secondary patency from stent grafts. Once the
interval between intervention becomes frequent, the stent-
graft becomes a tool that can be used to limit the number
of interventions per year to keep the access open. However,
even stents and stent-grafts will not keep an access open
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indefinitely without intervention. As the number of
interventions in a stented access increase, it becomes
critically important to judge when it is time to plan for a
new access or a different approach to managing the ESRD
needs of the patient. This reinforces the critical nature of
developing an access plan for each patient and tailoring the
interventions to promoting the best quality of life for each
patient.
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