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Background and Objective: The majority of patients with end-stage renal disease (ESRD) requiring 
hemodialysis (HD) do so via an arteriovenous fistula (AVF) or graft. Both of these accesses are complicated 
by dysfunction related to neointimal hyperplasia (NIH) and subsequent stenosis. Percutaneous balloon 
angioplasty using plain balloons is the first line treatment for clinically-significant stenosis, with excellent 
initial response rates, however, with poor long-term patency and need for frequent reintervention. Recent 
research has sought to improve patency rates utilizing antiproliferative drug-coated balloons (DCBs), 
however, their role in treatment has not yet been fully determined. In part one of this two-part review, we 
aim to provide a comprehensive overview of the mechanisms of arteriovenous (AV) access stenosis, the 
evidence behind their treatment with high-quality plain balloon angioplasty techniques, and treatment 
considerations for specific stenotic lesions. 
Methods: An electronic search was performed on PubMed and EMBASE to identify relevant articles 
from 1980 to 2022. The highest available level of evidence regarding stenosis pathophysiology, angioplasty 
techniques, and approaches to treating different types of lesions within fistulas and grafts were included as 
part of this narrative review. 
Key Content and Findings: NIH, and subsequent stenoses, develop via a combination of upstream 
events, causing vascular damage, and downstream events, representing the subsequent biologic response. 
The large majority of stenotic lesions can be treated utilizing high-pressure balloon angioplasty, with the 
addition of ultra-high pressure balloon (UHPB) angioplasty for resistant lesions and prolonged angioplasty 
with progressive balloon upsizing for elastic lesions. Additional treatment considerations must be taken into 
account when treating specific lesions, including cephalic arch and swing point stenoses in fistulas and graft-
vein anastomotic stenoses in grafts, amongst others. 
Conclusions: High-quality plain balloon angioplasty, performed utilizing the available evidence-basis 
regarding technique and considerations for specific lesion locations, is successful in treating the large 
majority of AV access stenoses. While initially successful, patency rates remain non-durable. Part two of this 
review will discuss the evolving role of DCBs, which seek to improve angioplasty outcomes. 

Keywords: Hemodialysis (HD); fistula; graft; stenosis; angioplasty

Submitted Jul 23, 2022. Accepted for publication Oct 09, 2022. Published online Nov 18, 2022.

doi: 10.21037/cdt-22-375

View this article at: https://dx.doi.org/10.21037/cdt-22-375

232

Review Article on Endovascular and Surgical Interventions in the End Stage Renal Disease Population

https://crossmark.crossref.org/dialog/?doi=10.21037/cdt-22-375


213

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2023;13(1):212-232 | https://dx.doi.org/10.21037/cdt-22-375

Cardiovascular Diagnosis and Therapy, Vol 13, No 1 February 2023

Introduction

The majority of the nearly 4 million people with end-stage 
renal disease (ESRD) receiving renal replacement therapy 
worldwide do so via hemodialysis (HD) (1). The 2019 Kidney 
Disease Outcomes Quality Initiative (KDOQI) clinical 
practice guidelines emphasized an individualized approach 
to HD access options as part of a patient’s ESRD life plan, 
encouraging “the right access, in the right patient, at the right 
time, for the right reason” (2). Under this recommendation, 
the majority of patients remain best served by an arteriovenous 
fistula (AVF), followed by an arteriovenous graft (AVG), both 
of which are preferred over a dialysis catheter. Greater than 
80% of Americans undergo HD via these two options; 65% 
with a fistula and 17% with a graft (3). 

AVFs and AVGs are prone to dysfunction, most 
commonly due neointimal hyperplasia (NIH) and 
subsequent stenosis. Approximately 30% of AVFs and 50% 
of AVGs will require an intervention within 6 months of 
HD initiation to maintain patency (4-7). Percutaneous 
transluminal angioplasty (PTA) using “plain” balloons is 
the first-line treatment for clinically-significant stenosis (2).  
While initial success rates are excellent, results after 
PTA are often not durable. Restenosis requiring repeat 
intervention is the norm rather than the exception, 
evidenced by one-year post-angioplasty primary patency 
rates ranging from 40–60% for AVFs and 20–40% for 
AVGs (8-16). Efforts to improve outcomes have included 
PTA technique modifications, device innovations such 
as ultra-high pressure and cutting balloons, and use of 
covered stents (17-26). While some have proven effective 
for specific lesions and in particular scenarios, none have 
proven to be the “magic bullet” in the treatment of AV 
access stenosis. Recent research has focused on drug-coated 
balloons (DCBs), which exploit the antiproliferative effect 
of paclitaxel on vascular smooth muscle cells in hopes of 
preventing, or at least delaying, restenosis. While evidence 
supporting DCBs has grown, heterogeneity in terms of 
trial design, inclusion criteria, and outcome measures have 
tempered their implementation in daily practice. 

If there is anything the multitude of research regarding 
arteriovenous (AV) access stenosis has demonstrated, it 
is that each stenosis is unique in terms of its underlying 
pathophysiology leading to stenosis development and its 
response to angioplasty (7,27). Treatment strategies should 
reflect this and, as the 2019 KDOQI recommends, an 
individualized approach to treatment of clinically-significant 
AV access stenosis, including device choice and technique, 

should be considered in accordance with a patient’s ESRD 
life plan with the goal of maximizing immediate clinical 
outcomes while preventing restenosis and reintervention for 
as long as possible (2). This is especially true if one strives 
to meet the goals of the 2019 KDOQI, which included a 
target of ≤3 interventions/year in order to maintain an AV 
access before considering alternative options (2). This two-
part review seeks to provide the reader with (I) a succinct 
yet comprehensive overview of the mechanisms of AV access 
stenosis, the role of high-quality plain balloon angioplasty in 
their treatment, and considerations for specific lesions and 
(II) the emerging evidence regarding DCBs, with a focus 
on the multitude of randomized controlled trials (RCTs) 
published in recent years. With this knowledge, we hope 
to provide the reader with the knowledge and evidence-
basis to perform the right treatment for the right lesion. 
We present the following article in accordance with the 
Narrative Review reporting checklist (available at https://
cdt.amegroups.com/article/view/10.21037/cdt-22-375/rc). 

Methods

Part one of this review focuses on the underlying 
pathophysiology of HD access stenosis and its treatment 
within the mature AVF and AVG using plain balloon 
angioplasty. Given the extent of this topic, a narrative rather 
than systematic review of the literature was performed. A 
literature search was performed using the PubMed and 
EMBASE databases, from 1980 to 2022, to identify all 
relevant studies. A combination of search terms included: 
dialysis, hemodialysis, fistula, graft, angioplasty, PTA, and 
stenosis (Table 1). Studies focusing on the treatment of 
central venous stenosis or non-maturing fistulas were not 
specifically included. Additional studies were identified 
manually. Articles reflecting the highest available level of 
evidence regarding stenosis pathophysiology, angioplasty 
techniques, and approaches to treating different types of 
lesions within AVFs and AVGs were included. 

The pathophysiology of AV access stenosis

Stenosis development in AVFs and AVGs is a result of 
the same primary process: venous NIH, defined as a 
fibro-muscular thickening of the vessel lumen. NIH 
pathogenesis is commonly described as a series of upstream 
events, which cause vascular damage, and downstream 
events, representing the subsequent biologic response, as 
demonstrated in Figure 1 (28-32). These events result in 

https://cdt.amegroups.com/article/view/10.21037/cdt-22-375/rc
https://cdt.amegroups.com/article/view/10.21037/cdt-22-375/rc
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vascular smooth muscle cell, fibroblast, and myofibroblast 
proliferation and extracellular matrix deposition within the 
subintima, termed NIH, resulting in progressive luminal 
narrowing. This narrowing leads to increased hemodynamic 
changes, propagating further NIH, and eventually leading 
to a clinically significant stenosis (29,33). 

The above events do not occur uniformly across 
AVFs and AVGs, nor do they occur uniformly within 
a single access. Stenoses are known to occur at specific 
sites, dependent upon the particular hemodynamics and 
upstream/downstream events at play (29). For example, 
surgical manipulation of the vein during AVF creation 
may play a larger role in juxta-anastomotic stenosis while 
repeat cannulation injury plays a larger role in intra-access 
(cannulation zone) lesions. The patterns of stenosis within 
common access configurations are well described, and 
summarized in Figure 2. In brief, juxta-anastomotic lesions 
are the most common lesion of radiocephalic fistulas, while 
cephalic arch stenoses are most common in brachiocephalic 
fistulas. Swing point stenoses are unique to transposed 
fistulas (34). AVGs are characterized by stenosis at the graft-
vein anastomosis (49). Characteristically different types of 
stenoses may exist as well, with varying degrees of NIH, 
fibrosis, and vascular constriction (7,50). 

Mechanisms of plain balloon angioplasty and 
restenosis

Once NIH progresses to the critical point of becoming 
a clinically significant stenosis resulting in AV access 
dysfunction, current guidelines recommend plain balloon 
angioplasty as first-line therapy (2). Angioplasty is a purely 
mechanical treatment, forcefully dilating the stenotic vessel 
lumen and disrupting the neointimal and medial tissue 
layers, with the goal of promoting outward remodeling 

(32,51-53). Modern angioplasty has technical success rates 
in the 90–95% range (20,54-56). However, angioplasty has 
been hypothesized to result in extensive barotrauma and 
vascular injury related to tearing and dissection of the vessel 
layers, de-differentiation of vascular smooth muscle cells 
from a contractile to a proliferative, secretory phenotype, 
and fibroblast activation with release of growth factors and 
cytokines (51,57-59). In doing so, angioplasty-induced 
injury may represent an additional, and potentially more 
potent, event in the pathogenesis of NIH, resulting in high 
rates of restenosis (30,32). Angioplasty-induced injury may 
not only activate, but accelerate the cascade of downstream 
events leading to continued NIH and restenosis. This 
phenomenon was described by Chang et al., in their study 
demonstrating markedly increased cellular proliferation 
within the intima and media of early restenotic lesions 
compared to primary stenotic lesions. They concluded that, 
after development of an initial stenotic lesion, the most 
important factor predisposing to restenosis was angioplasty-
induced vascular injury occurring as part of treatment (5). 
This cycle of stenosis, angioplasty-induced vascular injury, 
and restenosis is thought to make the need for repeat 
angioplasty almost inevitable (60). Accelerated rates of 
lesion recurrence after repeat angioplasty have also been 
observed in single studies (5,10,32,57). For example, in one 
study of AVGs undergoing PTA, one-year primary patency 
rates were 40% after initial angioplasty, 25% after second 
angioplasty, and 0% after third angioplasty (10). Efforts to 
prevent the above include pairing angioplasty with a therapy 
that inhibits NIH and restenosis. This is the rationale 
behind DCB angioplasty, covered in part 2 of this review. 

Monitoring for stenosis and knowing when to treat 

Given the propensity of angioplasty-induced injury to 

Table 1 The search strategy summary

Items Specification

Date of search 5/15/22

Databases and other sources searched EMBASE, PubMed

Search terms used Dialysis, hemodialysis, fistula, graft, angioplasty, PTA, stenosis 

Timeframe 1980–2022

Inclusion and exclusion criteria English language literature only 

Selection process Literature review performed by DMD and SOT 

PTA, percutaneous transluminal angioplasty. 
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accelerate NIH, the question of whether a stenotic lesion 
should be treated or left alone must be answered prior 
to determining a treatment strategy, as it is of utmost 
importance that only stenotic lesions with an appropriately 
matched clinical indicator undergo PTA (2,61). These 
clinical indicators are identified either on physical exam 
or as part of recommended routine AV access monitoring, 
with the goal of detecting and treating clinically significant 
stenosis early in their presentation, prior to it resulting in 
access thrombosis, missed dialysis sessions, and/or catheter 
placement. 

The presence of a clinical indicator should prompt 
referral for angiography and possible intervention. From 
an imaging perspective, a hemodynamically-significant 

stenosis is defined as a >50% reduction in vessel diameter 
compared to normal adjacent segments. This corresponds 
to an approximate 75–80% reduction in cross-sectional 
area (19,62). A clinically-significant stenosis requiring 
treatment is one that meets the above imaging criteria and 
has a matching clinical indicator (2). Stenosis identified on 
angiography without a matching clinical indicator should 
not be treated, as numerous studies have shown no benefit 
in treating these clinically silent lesions preemptively 
(2,63-65). Such prudent use of angioplasty avoids starting 
the cycle of angioplasty-induced injury, NIH, and 
restenosis unnecessarily, and ensures interventionists are 
not performing unnecessary interventions that would 
potentially do more harm than good. Clinical indicators and 

Figure 1 Upstream and downstream events leading to arteriovenous access stenosis. Upstream events include (I) baseline vascular 
dysfunction related to CKD and uremia, (II) surgical trauma at the time of AV access creation, (III) hemodynamic changes including shear 
stress, compliance mismatch, and nonlaminar flow at within the access, particularly at anastomoses, (IV) vessel/graft injury from repeat 
needle cannulation during dialysis, and (V) bioincompatability of graft material in. Upstream events occur at various time points, affect 
different locations within the access to different degrees, and differ slightly for AVFs and AVGs. The resulting downstream events, occurring 
in response to the aforementioned insults, include migration of various cells into the subintimal vessel layer, including vascular smooth 
muscle cells from the media, and, as recent research has suggested, fibroblasts and myofibroblasts from the adventitia. The subsequent 
cellular proliferation and extracellular matrix deposition within the subintima is termed NIH and results in progressive narrowing of the 
vessel lumen, leading to stenosis (28-32). VSMCs, vascular smooth muscles cells; ECM, extracellular matric; CKD, chronic kidney disease; 
AV, arteriovenous; AVFs, arteriovenous fistulas; AVGs, arteriovenous grafts; NIH, neointimal hyperplasia. 
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their matching lesion locations are summarized in Figure 3. 
Readers are referred to the articles by Salman and Beathard 
for review of physical examination of AV access (66,67).

Plain balloon angioplasty: technical factors 

The equipment and technique of balloon angioplasty was 
developed Andreas Grüntzig in 1974 and first described 
in the treatment of AV access stenosis by Gordon et al. 
in 1982 (68,69). In subsequent years, numerous studies 
demonstrated that outcomes of transluminal angioplasty 
versus surgical revision for the treatment of AV access 
stenosis were comparable (8,70-74). Specifically, assisted 
primary patency rates after angioplasty were equivalent to 
surgical revision, noting a higher stenosis recurrence rate 
after angioplasty requiring repeat PTA to maintain access 
patency. However, given the ease at which a patient could 

undergo repeat angioplasty, and the added benefits of 
being less invasive, avoiding hospitalization, having a lower 
complication rate, and improving venous preservation, 
while still allowing for future surgical revision if needed, 
angioplasty would become the first-line therapy for 
treatment of AV access stenosis (2). Numerous equipment 
and technique improvements have sought to improve 
angioplasty outcomes. Knowledge of these technical factors 
may help one deliver the best angioplasty treatment and, in 
turn, best outcome for their patients. A general algorithm 
is provided in Figure 4, noting this should be viewed in the 
context of lesion-specific considerations, described later on.

Measurements of angioplasty success

There are several nuances to defining “success” in the 
treatment of AV access stenosis and there are different 

Figure 2 Distribution and approximate frequency of stenotic lesions in different access configurations. The most common stenotic lesions 
are highlighted (green) with a representative image example: juxta-anastomotic stenosis in radiocephalic fistulae, CAS in brachiocephalic 
fistulae, swing point stenosis in transposed brachiobasilic fistulae, and graft-vein anastomotic stenosis in grafts. The frequency of different 
lesions are rough approximations determined from a conglomerate of sources, meant to provide an estimation of the relative occurrence of 
these lesions. The reader is referred to the source data in the cited articles for specific numerical data (8,10,12-15,19,34-48). CAS, cephalic 
arch stenosis. 
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mechanisms of technical failure. Technical or anatomic 
success is defined as effacement of the stenotic lesion 
during angioplasty with <30% residual stenosis diameter on 
post-angioplasty angiography in the treated segment (16). 
Clinical success refers to the resumption of normal HD (16).  
The restoration of a thrill within the access has been 
shown to be the best indicator of clinical success and may 
be used as a technical endpoint during interventions (75). 
Hemodynamic success refers to the return of the clinical/
physiologic indicator used to detect the stenosis to baseline 
or to within acceptable limits (2,16). Procedural success 
encompasses technical success plus an indicator of clinical 
or hemodynamic success (16). 

Various national guidelines have suggested goals and 
thresholds for expected patency rates after angioplasty. 
While the 2006 KDOQI suggested a goal of 50% 6-month 
primary patency after angioplasty for both AVFs and AVGs, 
the 2019 KDOQI offers no such suggestion (2,76). Rather, 
a target of ≤3 interventions to maintain AV access per year 
was recommended (2). The 2016 Society of Interventional 
Radiology (SIR) quality improvement guidelines suggested 
thresholds of 30–50% 6-month primary patency for AVFs 
after angioplasty, dependent upon the balloon type used, 

and a threshold of 15% for AVGs, noting average 6-month 
rates of 40–60% for AVFs and 20% for AVGs (16). 

There are two main PTA failure modes in AV access: 
resistant stenosis and elastic stenosis. Resistant stenosis 
is defined as the inability of angioplasty to completely 
efface the balloon waist, and is seen as a band-like waist 
in the balloon at the level of the resistant lesion (77). It is 
thought to be the result of dense fibrous strands within the 
neointima or scar tissue. This differs from elastic stenosis, 
in which angioplasty results in complete effacement of the 
balloon waist, however, the stenosis immediately recurs on 
post-angioplasty angiography, possibly related to elastic 
fibers within the vessel layers. The different ways in which 
resistant and elastic stenoses are treated are discussed in 
later sections and an algorithm is provided in Figure 4, 
based on the below evidence. 

Balloon types and dilation pressures 

AV access stenoses have been known to be difficult to dilate 
since the first use of Grüntzig’s polyvinyl chloride balloon in 
1982, at which time many lesions were seen to be resistant 
to balloon dilation (69). This was also true for subsequently-

Figure 3 Clinical indicators of AV access dysfunction are identified on physical exam and during dialysis session. Each clinical indicator is 
associated with stenotic lesions in particular location within the access. Potential lesion locations for each clinical indicator are colored in, 
with red = inflow, yellow = intra-access, blue = outflow, and purple = central veins. Treatment is indicated when a stenosis is identified and 
a matching clinical indicator is present. †, greater than 500 mL per minute and/or a 25% decrease from baseline flow; ‡, low Kt/V is usually 
due to an inflow stenosis. AV, arteriovenous. 
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developed polyethylene balloons, which boasted only a 
67% technical success rate (78). The first “high-pressure” 
balloon, intermediate-pressure by today’s standards and 
capable of 10–12 atmospheres (atm) of pressure, was the 
Olbert balloon, achieving improved technical success rates 
of ~90% (78,79). Subsequent high pressure balloons (HPBs) 
were rated to burst pressures of ~20 atm and could achieve 
pressures up to 27 atm with off-label over-inflation. While 
not specifically defined, most authors agree that 20 atm 
of pressure delineates HPB angioplasty (<20 atm) from 
ultra-high pressure balloon (UHPB) angioplasty (>20 atm) 
(55,56). UHPBs are capable of producing up to 30–40 atm 
of pressure (56). 

Studies of modern HPBs and UHPBs by Trerotola 
et al., Rajan et al., and Vesely et al. found that 8%, 13%, 
and 34% of stenoses required inflation pressures >20 atm 

for successful dilation, respectively, with 3–8% of lesions 
requiring inflation pressures >30 atm (20,54-56). The 
mean pressure to successfully efface the balloon waist in 
any stenosis was on the order of 15–17 atm (54,56). UHPB 
angioplasty was required more often in AVFs compared 
to AVGs (20% vs. 9%, P=0.02) (54). Overall, 96–100% 
of stenoses were successfully treated with HPBs and/or 
UHPBs (20,54-56). It has been postulated that UHPBs 
cause additional barotrauma compared to HBPs, potentially 
causing increased NIH and restenosis after their use, 
however, in their direct comparison of HBPs and UHBPs, 
Rajan et al. found no difference in primary patency rates to 
suggest this occurs (55). 

Overall, HPBs are successful in treating the majority 
of stenotic lesions encountered in AVFs and AVGs, while 
UHPBs have been found to be successful in treating 

Figure 4 Algorithm for routine arteriovenous access stenosis. This algorithm provides a general decision tree that one can use to approach 
most stenotic lesions. There are a number of lesions for which evidence supports a more tailored approach, such as earlier use of stent-
grafts in graft-native vein anastomotic lesions, and these lesion-specific considerations must be taken into account when applying the above 
algorithm. Multidisciplinary discussion refers to the patient’s HD treatment team including nephrologists, interventionalists, and surgeons, 
at which time an access plan for the patient can be discussed. PTA, percutaneous transluminal angioplasty; HD, hemodialysis.

Algorithm for treatment of routine arteriovenous access stenosis

Hemodynamically significant stenosis (>50% luminal diameter)
with matching clinical indictor of dysfunction

Success
(<30% residual stenosis + palpable thrill)

Plain balloon angioplasty 

 (using high pressure balloon)

Failure: resistant stenosis Failure: elastic stenosis

Ultra-high pressure PTA

Multidiscplinary 
discussion and/or 
referral to surgery

Consider stent graft or 
multidisciplinary discussion/

referral to surgery

Failure

Success
Failure

Prolonged PTA with progressive  
balloon upsizing as needed



219

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2023;13(1):212-232 | https://dx.doi.org/10.21037/cdt-22-375

Cardiovascular Diagnosis and Therapy, Vol 13, No 1 February 2023

nearly all stenoses. There are no downsides of UHPBs 
compared to HPBs from a technical perspective. Given 
findings suggesting an UHPB may be required more often 
in the treatment of stenosis in AVFs compared to AVGs, 
one may consider initial use of an UHPB when treating 
AVF stenosis, as is the authors practice (54). Alternatively, 
one can consider angioplasty with a HPB, followed by an 
UHPB only when necessary. The cost effectiveness of this 
decision will differ from institution to institution. Either 
option will allow the interventionalist to achieve technical 
success in the treatment of the large majority of lesions. 
UHPB angioplasty is the treatment of choice for resistant 
stenotic lesions (Figure 4). It is important to note that use of 
HPB and UHPB angioplasty does not mean putting more 
pressure in the balloon than needed to efface a waist—
i.e., the balloon does not always need to be brought to its 
maximum pressure. Rather, only the pressure needed to 
efface the waist is required. 

Alternative options: cutting balloons
 

Given the high success rates seen with the UHPBs in 
the treatment of resistant stenoses, the role of alternative 
devices and techniques, including atherectomy devices, the 
“infiltrate and perforate” technique, parallel wire technique, 
and cutting balloons, is small. While such methods can be 
tried in the few stenoses resistant to UHBPs, such lesions 
should also be considered for surgical revision (79,80). 

Of the above, cutting balloons warrant specific discussion. 
Originally developed for coronary angioplasty, cutting 
balloons have multiple longitudinally-mounted blades along 
the balloon exterior that create microsurgical incisions in the 
vascular wall upon balloon inflation (81). These blades score 
the stenotic lesion and allow for technically successful dilation 
of a stenosis at a lower pressure than HPBs and UHPBs. 
By disrupting the neointimal layer in a more controlled 
fashion and with less required outward force, it was theorized 
that cutting balloons would minimize angioplasty-induced 
vascular injury compared to HBPs and UHPBs, thereby 
decreasing restenosis and improving patency rates (21). 

This has largely been shown not to be the case. While 
some studies have suggested cutting balloons may result 
in higher primary patency rates in the treatment of graft-
vein anastomotic stenoses in AVGs (noting evidence now 
supports the use of stent-grafts over PTA for such lesions), 
no difference in patency rates have been found in the 
treatment of other lesions in AVGs or AVFs (24-26,82,83). 

Multiple randomized trials have been performed comparing 
cutting balloons and high-pressure balloons in the treat of 
de novo lesions in AVFs and AVGs. In their single-center 
RCT, Rasuli et al. demonstrated no difference in outcomes 
between cutting balloons and HPBs in the treatment of 
de novo stenoses in native AVFs, with 6- and 12-month 
primary patency rates for the cutting balloon group of 28% 
and 11% compared to 42% and 26% in the HPB group 
(P>0.3 in both instances) (84). Vesely and Siegel performed 
a multi-center RCT comparing cutting balloons and plain 
balloons in AVGs which also demonstrated no difference in 
outcomes, with 6-month primary target lesion patency rates 
of 48% for cutting balloons and 41% for plain balloons 
(P=0.37) (21). Additional non-randomized studies have 
yielded similar conclusions to the above RCTs (85,86). 
Given the similar outcomes between cutting balloons and 
HPBs, and the additional costs and potential increased 
complication rates, the use of cutting balloons in lieu of 
HPBs is not supported by available literature (21). 

While cutting balloon use is not supported in treatment of 
untreated, de novo stenoses, there may be a very limited role 
for cutting balloons in the treatment of resistant stenoses. 
One must bear in mind that most studies demonstrating 
this were performed utilizing conventional angioplasty at 
moderate-high pressures, and if one is initially treating 
lesions with modern HPBs and in particular UHPBs 
(including off label inflation in excess of rated pressure), 
the number of resistant lesions will be exceedingly small. In 
their RCT comparing cutting balloons and plain balloons in 
the treatment of stenoses resistant to PTA up to 15 atm of 
pressure, Aftab et al. demonstrated 100% technical success in 
both arms, with improved patency rates in the cutting balloon 
group compared to the HPB group (77). Notably, this 
study did not allow oversizing of plain balloons or inflation 
beyond rated burst pressures and follow-up was variable. 
Additional non-randomized trials and retrospective studies 
have also demonstrated a potential role for cutting balloons 
for lesions resistant to angioplasty between 20–24 atm of 
pressure, however, none describe the use of cutting balloons 
in stenoses resistant to initial UHPB angioplasty >24 atm, 
as is easily achievable with modern UHPBs (82,87,88). This 
may be because the number of such lesions is small. Overall, 
the use of a cutting balloon in any situation must be balanced 
with the increased cost of these devices, up to ×4 that of plain 
balloons, and with potential for increased complications, 
again noting nearly all resistant lesions will be able to be 
effaced with use of an UHPB (in excess of 40 atm) (21,89).
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Balloon sizing 

Balloons come in a variety of diameters and lengths, chosen 
at the operator’s discretion. When treating stenoses in 
AVGs, a balloon 1 mm larger in diameter than the graft is 
typically chosen as the initial balloon. For AVFs, balloons 
are typically oversized by ~10–20% compared to the 
adjacent segment of normal vein. This usually corresponds 
to a balloon 1–2 mm larger than the adjacent normal vein, 
typically in the range of 7–10 mm (21,55,56,90,91). One 
exception to the above is treatment of arterial anastomotic 
lesions, in which a smaller balloon is typically chosen due 
to the smaller caliber of the artery and adjacent vein at this 
location, and to not over-dilate the surgical anastomosis 
(35,91). Balloons may be progressively upsized as needed 
when elastic stenoses are encountered. Balloon length is 
dependent upon the length of the stenotic lesion, with the 
goal of treating the entire lesion while limiting angioplasty 
to the smallest amount of normal vessel as possible, as to 
reduce unnecessary angioplasty-induced vascular injury in 
normal segments. 

Balloon inflation times and elastic stenosis 

Balloon inflation times are most often considered in the 
setting of residual or elastic stenosis, as longer inflation 
times have been associated with less residual stenosis and 
prolonged PTA is often used to treat elastic stenoses (56). 
Two studies have directly examined balloon inflation times. 
Forauer et al. performed a randomized trial of 1-minute 
versus 3-minute inflation durations, with technical success 
of 75% in the 1-minute group and 89% in the 3-minute 
group (P=0.12). After multivariate analysis, controlling 
for patient age, sex, and access age, this was found to be 
statistically-significant, with odds ratio 4.7 and P=0.03 (90).  
Despite differences in technical success, 1-, 3-, and 6-month 
primary patency did not differ between groups. One 
limitation of this study was that PTA was performed at  
18 atm, with 60% of technical failures in the 1-minute group 
and 50% in the 3-minute group due to resistant, rather than 
elastic, stenoses. Balloon inflation time is not known to have 
any effect upon resistant stenoses (which require higher 
pressure rather than prolonged inflation), however, this was 
not accounted for in the analysis or determination of sample 
size. Elramah et al. prospectively collected data in patients 
undergoing 30-second and 1-minute angioplasty, based on 
two different operator’s practice patterns, and compared 
their outcomes (18). Immediate technical success and 
patency in the first 3 months was similar in both groups, 

however, there was a greater incidence of access failure in 
the longer 1-minute inflation group after 3 months [hazard 
ratio (HR) =1.74; 95% confidence interval (CI): 1.09–2.70]. 
It was postulated that the prolonged inflation time may 
have caused additional vascular trauma, inciting more 
aggressive NIH and restenosis, leading to decreased patency 
rates after 3 months. While no difference in patient age, 
gender, race, access type, or access age were observed, the 
severity of lesions was not accounted for and it is unclear 
what technical differences may have existed between the 
two operators. Based on these two studies, the ideal PTA 
inflation time remains elusive and it is unclear whether 
inflation time affects outcomes given conflicting data within 
the two available studies on the matter (2). In addition to 
prolonged angioplasty, progressive balloon upsizing has 
also been employed in the treatment of elastic stenosis, with 
anecdotal success, although without specific data regarding 
its effectiveness (36,92). 

Rajan et al. specifically looked at elastic recoil after PTA 
in 76 patients and 154 angioplasties who underwent high 
or ultra-high pressure PTA for a minimum of 45 seconds, 
with fistulograms obtained at 0, 5, 10, and 15 minutes after 
treatment to assess for elastic recoil (17). Elastic recoil 
was observed in 16% of lesions, with the majority (63%) 
observed after 5 minutes. No additional intervention was 
performed if elastic recoil was observed. Six-month primary 
patency rates were no different in those in whom elastic 
recoil was observed versus those without evidence of recoil. 
The authors concluded that, while elastic recoil occurs, it 
does not seem to have an effect on primary access patency. 
Overall, the significance of elastic recoil on access patency is 
not certain, but its occurrence does appear to be decreased 
by prolonged angioplasty. Given the possibility its presence 
does not affect patency, aggressive pursual of its treatment 
(i.e., stent-graft placement) may not be necessary if the 
clinical indicator of dysfunction has normalized and there 
is adequate flow in the fistula after angioplasty (17). If the 
elastic lesion is causing persistent access dysfunction, a 
stent-graft should be considered. 

When elastic lesions are encountered, it is the authors 
practice to perform prolonged PTA (with one or more 
cycles of 5-minute inflations) with progressive balloon 
oversizing (in 1 mm increments) prior to considering 
alternatives such as a stent-graft or surgery (Figure 4). 

Plain balloon angioplasty in practice: AVFs

HD vascular access should be thought of as a complete 
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circuit, extending from the heart and arterial system to the 
(arterial) anastomosis, through the fistula or graft, into the 
venous outflow, and finally back to the heart (2). Stenoses 
can occur at any point in the circuit. The first step in the 
treatment of a dysfunctional access is to identify the most 
probable location of the culprit lesion, based on patient 
history, access type, presenting clinical indictor, and physical 
exam, so that one may develop the most appropriate 
procedural strategy. This is followed by a well performed 
fistulogram, extending from the (arterial) anastomosis to 
the right atrium (93). Treatment strategy, equipment, and 
outcomes will differ based on the type of access and stenosis 
location, of which an overview is provided below, organized 
by lesion location in AVFs and AVGs.

Inflow stenosis: arterial, anastomotic, and juxta-
anastomotic lesions 

Inflow lesions are a broad category of stenoses with a 
sometimes confusing nomenclature. Arterial stenoses exist 
within the native artery. Arterial anastomotic stenoses exist at 
the exact site of surgical AV connection. Both of these lesions 
are uncommon compared to juxta-anastomotic lesions, which 
are located on the venous side of the anastomosis, within a 
few centimeters of the anastomosis itself, and always before 
the arterial cannulation zone. The term peri-anastomotic is 
also commonly used, and refers to stenoses that are within 1 
cm of the anastomosis, whether they be arterial, anastomotic, 
or in the juxta-anastomotic venous segment (37). 

Arterial stenosis 

Remote arterial stenoses within the brachiocephalic, 
subclavian, brachial, or forearm arteries, proximal to the AV 
anastomosis, are infrequently the cause of access dysfunction, 
representing approximately 1–10% of clinically-significant 
lesions (12-15,35,38,39). These lesions are typically related 
to intrinsic atherosclerotic disease, a common co-morbidity 
in the ESRD population (94,95). While uncommon, they 
should be suspected and evaluated for in cases where no 
other lesion is identified, where there is persistent access 
dysfunction despite successful treatment of stenoses 
elsewhere in the access, or in cases of recurrent access 
dysfunction without known cause (35,96). If suspected intra-
procedurally, at the time of fistulography, a dedicated upper 
extremity arteriogram from the aortic arch to the brachial or 
forearm arteries, depending on the access, with appropriate 
endovascular treatment of clinically-significant arterial 

lesions is indicated. If suspected pre-procedurally, the patient 
can go straight to arteriography or a magnetic resonance 
angiography (MRA) or computed tomography angiography 
(CTA) can be considered for diagnosis and treatment 
planning. The different pathophysiology of atherosclerotic 
arterial lesions compared to the neointimal lesions seen in 
AV access result in a more durable response to endovascular 
treatment, with lower rates of recurrence (40,94). 

Arterial anastomotic stenosis 

True arterial anastomotic lesions are less common 
than juxta-anastomotic lesions, and may represent 
approximately 10–20% of stenotic lesions encountered 
in AVFs (35,39,91,97). Such lesions may result from a 
combination of technical flaws in the surgical creation of 
the AV connection and NIH (37). Multiple studies have 
demonstrated that that anastomotic lesions have a high 
rate of recurrence after angioplasty. Long et al. found the 
location of stenosis at the anastomosis to be an independent 
risk factor for recurrence, while Manninen et al. similarly 
found lesions at this location to be predictive of poor 
long-term patency (37,41). Anastomotic stenoses that 
are recurrent and difficult to treat endovascularly may be 
considered for surgical revision (37). 

Juxta-anastomotic stenosis 

Juxta-anastomotic stenoses (JAS) are the culprit lesion 
in approximately 50–60% of dysfunctional radiocephalic 
fistula, by far the most common lesion in this access 
(12,14,34,98). They are less common in upper arm accesses, 
representing ~20% of stenoses in dysfunctional upper arm 
fistulas (34). It has been theorized that the juxta-anastomotic 
region is prone to NIH due to the specific hemodynamics 
at play in this segment, such as low shear stress and 
increased turbulence, while others suggest skeletonization, 
mobilization, and manipulation of the juxta-anastomotic 
segment during AV access creation make it more prone to 
stenosis development (14,34,35,99,100). The majority of 
research regarding JAS has focused on radiocephalic fistulas, 
given their high prevalence in this access configuration. 
Classically, these lesions were corrected surgically, either by 
creation of a more central AV anastomosis, a vein-to-vein 
re-anastomosis, or using a vein patch or interposition graft. 
Such interventions are performed at the expense of venous 
reserve, as the anastomosis is relocated more centrally 
along the vein (12,37,71,101). Numerous studies have 
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compared PTA and surgery in the treatment of JAS. While 
surgery confers a higher primary patency rate, with stenosis 
recurrence rates up to 3 times less in those undergoing 
surgery compared to angioplasty, assisted primary patency 
rates are comparable between the two treatment methods 
(37,71,102-104). In their non-randomized prospective 
trial, Tessitore et al. followed 21 surgically-treated and 
43 angioplasty-treated JAS with a median follow-up of  
24 months, with no difference in failure rates at 0.11 events/
AVF-year for surgery and 0.10 events/AVF-year for PTA 
(P=0.736) (71). Their study also found similar cost profiles 
between the two treatment methods, accounting for cost of 
repeat PTA for recurrent stenoses (71). In a retrospective 
review of 147 JAS interventions on 75 radiocephalic fistulas, 
Mortamais et al. demonstrated primary patency rates of 47% 
at 1 year and 26% at 3 years, with assisted primary patency 
rates of 81% at 1 year and 63% at 3 years. The presence 
of greater than 50% residual stenosis after first angioplasty 
was the only variable found to confer a worse outcome after 
PTA compared to surgery, with a relative risk of thrombosis 
or need for surgical revision of 2.9 (95% CI: 1.1–8.1) 
compared to those with less than 50% residual stenosis (105).  
Napoli et al. described their experience treating patients 
with PTA initially, with successful surgical revision after 
first or second repeat PTA, concluding it is best to perform 
PTA before surgical revision, and reserving surgery for 
those in whom PTA has failed (104). These studies, and 
others, highlight the ability of angioplasty to maintain a 
functional fistula over an extended period of time with 
close clinical monitoring and repeat angioplasty as needed. 
However, it remains important to recognize when an access 
may benefit from surgical revision (106). Alternatives to 
angioplasty and surgery, such as stent-graft placement, have 
been infrequently considered in the treatment of JAS as 
their use is limited due to the proximity of these lesions to 
the cannulation zone, with stented segments preferred not 
to be used for cannulation (105). 

Decision making in inflow lesion treatment 

While inflow lesions with matching clinical indicators 
warrant treatment, a more nuanced approach must be taken 
in the treatment of these lesions when there are additional 
intra-access or outflow lesions in the presence of an 
overlapping clinical indicator (i.e., poor flow), or when an 
inflow lesion is the only lesion identified on fistulography 
performed for a clinical indictor inconsistent with an inflow 
lesion (i.e., pulsatility). Intra-procedural catheter-based 

flow measurements have proven useful in determining 
whether an inflow stenosis is hemodynamically significant 
and requires treatment. Leontiev et al. demonstrated that 
the most common reason to use intra-procedural flow 
measurement was to determine whether to treat an inflow 
stenosis, and that the use of flow in the aforementioned 
clinical scenarios led to a decision to treat in 16% of 
patients, while a decision to leave the lesion alone was made 
in the remaining 84%, as flow was found to be adequate (91).  
An additional study by Leontiev et al. retrospectively 
reviewed patients in whom asymptomatic inflow lesions 
were either treated or not treated in patients with outflow 
clinical indicators who underwent treatment of intra-access 
and outflow stenoses. There was no significant difference in 
access patency in those who underwent PTA of the inflow 
lesion compared to those who did not, indicating PTA of 
asymptomatic inflow lesions without an appropriate clinical 
indicator does not improve outcomes (107). Given the 
potential for angioplasty to initiate a cycle of angioplasty-
induced NIH and stenosis, the use of flow and clinical 
indicators to decide whether to treat an inflow stenosis 
is critically important in cases where there is no clear 
indication for treatment. 

Cannulation zone stenosis 

The cannulation or “puncture” zone exists between the 
juxta-anastomotic inflow and venous outflow, and is defined 
by the sites of arterial and venous needle placement. 
Despite representing up to 20–30% of stenoses identified in 
dysfunctional forearm and upper arm fistulas, there is little 
literature regarding treatment of these lesions (12,39). PTA 
outcomes for cannulation zone lesions may be considered 
within the range of overall AVF angioplasty outcomes 
discussed in earlier sections (8,9,12-16). One consideration 
in the treatment of these lesions are the options that exist 
when PTA fails, either due to elastic stenosis or frequent 
stenosis recurrence. In other areas, one may consider 
stent-graft placement, however, the metal interstices of 
stent-grafts carry risks with frequent needling, including 
stent fracture, pseudoaneurysm formation, and, primarily, 
stent-graft infection (108). While their use in the 
cannulation zone has been reported, such use is off-label, 
and in-stent restenosis is frequently seen, with 6-month 
primary patency rates of 30–40% (109,110). While stent-
graft placement may be used as a last resort for access 
salvage, surgical revision or access abandonment should 
also be considered (108). 
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Venous outflow stenosis: cephalic arch and 
swing point lesions 

While juxta-anastomotic lesions are the hallmark of 
radiocephalic fistulas venous outflow lesions are the 
characteristic lesions of upper arm brachiocephalic and 
transposed brachiobasilic fistulas. The prevalence of these 
difficult to treat lesions are one reason why upper arm 
fistulas fare worse than those in the forearm (12). Given the 
above, their treatment has been extensively studied.

Cephalic arch stenosis (CAS)

The cephalic arch represents the terminal portion of the 
cephalic vein as it traverses the deltopectoral groove and 
claviculopectoral fascia prior to joining the axillary vein, 
which it does at a nearly perpendicular angle (42,111). 
CAS is the culprit lesion in approximately 40–75% of 
dysfunctional brachiocephalic fistulas, depending on 
the study, and less commonly seen in dysfunctional 
radiocephalic fistulas, where it has been found to represent 
2–20% of lesions (12,34,43,44,112). Turbulent flow 
resulting from the perpendicular insertion of the cephalic 
arch make it prone to NIH and stenosis, and the lesion 
is more common in brachiocephalic fistulas due to the 
higher flow rates inherent of the brachial compared to the 
radial artery, with higher access flows demonstrating the 
greatest association with the development of CAS in a study 
by Jaberi et al. (113). Additionally, the lack of alternate 
venous drainage in brachiocephalic fistulas may also result 
in increased flow, noting the cephalic vein is the singular 
outflow in this access configuration, while a radiocephalic 
fistula may have additional outflow via the median cubital 
vein to the basilic vein and other venous communications 
(15,34,39).  External compressive forces from the 
surrounding fascia and the high prevalence of venous valves 
in the terminal cephalic vein, present in greater than 90% of 
individuals, may also play a role and contribute to the highly 
resistant and elastic nature of these lesions (17,34,114,115).

CAS are known to be highly recalcitrant, difficult 
to treat lesions associated with lower technical success 
rates, lower patency rates, and increased complications, 
specifically venous rupture. Pooled data in two meta-
analyses has demonstrated 6-month primary patency 
rates of 23–42% and 12-month patency rates of 10–23%, 
with 12-month assisted primary patency rates of 68–75% 
(42,111). The largest series, a retrospective study including 
106 patients undergoing PTA of CAS in which PTA 

was primarily performed with high-pressure balloons, 
demonstrated a technical success rate of 70%, and need 
for frequent reintervention, with secondary intervention 
rates of 3.5 per person-year (116). Venous rupture as 
a complication of PTA has been reported in ~6% of 
cases, higher than most lesions, but still less than the 
rupture rate seen in swing point lesions of transposed 
fistulas (44,117). In the only dedicated study of cutting 
balloons in CAS, Heerwagen et al. (118) demonstrated 6- 
and 12-month primary patency rates of 81% and 22%, 
respectively, and assisted primary patency rates of 63% at  
12 months, concluding that cutting balloons did not 
improve patency rates compared to conventional PTA 
results in the literature, as the study had no conventional 
PTA arm for comparison. It was suggested that cutting 
balloons required fewer interventions per-patient year  
(0.9 compared to 1.6–3.5 in the literature). 

While patency rates of cephalic arch stenoses are modest 
at best following PTA, it remains first line treatment 
for these lesions, although alternatives, such as stent-
graft placement, surgical alternatives including flow-
reduction, outflow relocation, and outflow bypass may 
be considered, especially in cases of recurrent lesions. 
Shemesh et al., in their prospective randomized trial 
comparing stent-grafts versus bare metal stents in the 
treatment of CAS, demonstrated increased patency rates 
of stent-grafts compared to bare-metal stents (82% versus 
39% at 6 months, 32% versus 0% at one year, P=0.002), 
resulting in early termination for ethical reasons (108). 
Rajan et al. performed a small prospective randomized 
trial comparing VIABAHN stent-graft placement versus 
balloon angioplasty in CAS, noting it was terminated early 
due to poor enrollment (n=14), with results in this small 
cohort demonstrating mean patency intervals of 100 days 
for PTA and 300 days for stent-grafts, with primary patency 
rates of 0% at 6 months for PTA and 67% for stent-grafts  
(P<0.01) (119). Subsequent non-randomized studies 
demonstrated improved patency rates of stent-grafts, on 
the order of 75–80% at 6 months and 60–70% at one year, 
with assisted patency rates up to 80% at 5 years (120,121). 
While stent-grafts demonstrate superior outcomes 
compared to PTA, the placement of a stent-graft carries 
risks of occluding venous collaterals, including jailing the 
basilic vein for a potential brachiobasilic fistula, stent-graft 
infection, and in-stent restenosis, and should be considered 
only after PTA fails to maintain access patency, with a 
potential threshold of two or more recurrences of the same 
lesions within 4 months or less (111,120). Stent-grafts 
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may also be considered in the setting of elastic CAS with 
continued access dysfunction. 

Access flow reduction via banding has been described 
in those with rapid cephalic arch restenosis after PTA and 
high flows within the fistula (>1,200 mL/min has been 
described) (43,122). Banding seeks to limit pathologic high 
flow, turbulence, and associated NIH within the cephalic 
arch by decreasing the luminal diameter in the juxta-
anastomotic segment of the fistula, thereby decreasing 
inflow, and, subsequently, outflow. Miller et al. originally 
described the technique in a retrospective review of 33 
patients with an average cephalic arch intervention rate of 
3.3 per access-year prior to banding. Following banding, 
the intervention rate was reduced to 0.9 per access-year and 
6- and 12-month primary lesion patency rates were 76% 
and 57%, respectively (122). No subsequent studies have 
been performed assessing flow reduction for the treatment 
of these lesions. However, given the low restenosis rates 
reported in this study, flow reduction may be considered 
a reasonable alternative to repeat PTA in those with 
recurrent CAS and high access flow rates, necessitating 
flow measurement when performing PTA of recurrent 
CAS (43). Newer algorithms propose measuring flow as the 
first step of every case when a CAS is encountered so that 
a decision regarding primary treatment with PTA or flow-
reduction can be made (43). Surgical revision is typically 
reserved for when other options, including PTA +/− stent 
placement, have failed to produce durable outcomes and 
when flow is not high enough to consider flow reduction. 
The most commonly employed surgical technique is 
outflow relocation via cephalic vein transposition, in which 
the healthy cephalic vein is incised proximal to the stenosis 
and re-anastomosed to the upper basilic or axillary vein 
(43,123,124). 

The treatment of CAS is complex and demanding given 
the recurrent nature of these lesions. A recent white paper 
by Beathard et al. describes a CAS treatment algorithm for 
these lesions focusing on an individualized approach and 
taking into account flow measurement in decision making, 
to which readers are directed for further information (43).

Swing point stenosis 

While CAS is characteristic of brachiocephalic fistulas, 
“swing point” stenoses are the equivalent characteristic 
lesion of brachial artery-basilic vein transposition fistulas 
(BVTs). BVTs are the third preferred option for fistulas, 
behind forearm and upper arm cephalic fistulas, due to 

their more technically challenging creation. The basilic 
vein is located on the medial aspect of the upper arm, next 
to the brachial artery and median nerve, and deeper than 
the cephalic vein. If left in its native location, the vein may 
be difficult to cannulate due to its depth and surrounding 
structures would be at risk of puncture (45). To address 
this, the vein is transposed laterally and superficialized to 
enable easier, safer access. This mobilization can result 
in a significant angle at the point of transposition, also 
referred to as the “swing point”, which occurs in the central 
aspect of the vein, near the axilla, at what will be the distal 
venous outflow. Note that the term “swing point” has 
also been applied to juxta-anastomotic lesions by some 
authors, however as used here it refers only to the outflow 
segment of a transposed fistula where the transposed 
and in situ portions meet. Tendency to develop stenosis 
at this location is multi-factorial, like due to unfavorable 
hemodynamics at the angle of transposition, surgical trauma 
and devascularization of the vein during transposition, and 
external compression from the brachial fascia (46,47).

Swing point stenoses have an incidence of 60–75% in 
dysfunctional BVTs, and may account for up to 90% of 
interventions on this access (46,47,125). In their study of 
93 brachiobasilic fistulas, Beaulieu et al. reported assisted 
patency rates of 68% at one year after angioplasty. Swing 
point stenoses recurred frequently, with approximately 50% 
of lesions requiring ≥3 repeat angioplasties at a median 
of 75 days between interventions (47). Other studies have 
reported transposed fistulas require more interventions to 
maintain patency than non-transposed fistulas, although 
this study was not limited to basilic vein transpositions (126).  
One study has reported on the use of stent grafts for 
swing point stenoses. Nassar et al. demonstrated a positive 
impact of stent grafts on both target lesion and access 
patency in comparison to PTA, with 6- and 12-month pre-
stent assisted patency rates of 36% and 10%, respectively, 
compared to post-stent assisted patency rates of 82% 
and 75%, respectively (127). While the majority of stents 
required angioplasty of in-stent stenosis, overall access 
intervention rates decreased from 0.5/month to 0.15/month 
after stenting. There have been few reports of surgical 
revision of swing point stenoses in BVTs, although vein 
patch angioplasty has been reported (128). 

Plain balloon angioplasty: AVGs 

AV grafts are the less preferred compared to AVFs for 
a number of reasons. They are associated with higher 
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morbidity, including increased infection rates, higher 
rates of steal, and increased risk of symptomatic central 
venous stenosis, as well as an increased risk of mortality, 
measured as high as 20% (13,45). Most important in the 
context of this review, however, is their increased rates of 
stenosis requiring intervention compared to AVFs (13,45). 
In addition to the pathophysiologic mechanisms that lead 
to NIH and stenosis in AVFs, which also apply to grafts, 
additional factors may contribute stenosis development. 
Primarily, the polytetrafluoroethylene (PTFE) grafts used in 
AVGs have been shown to attract macrophages, which line 
the graft material and perigraft region. These macrophages 
and their associated cytokine expression may result in more 
aggressive NIH (4). AVGs have one-year PTA-assisted 
primary patency rates of 20–40% and lesions often recur 
quickly (9,11-13,16). The characteristic stenotic lesion of 
the AVG is seen at the graft-native vein anastomosis. 

Stenosis of the native artery-graft anastomosis 

Correct identification of an arterial anastomotic lesion in a 
graft can be difficult, as there is an inherent size mismatch 
between a native artery, which is typically 3–5 mm in 
diameter, and the fixed caliber of the PTFE graft (usually 
4–6 mm) (96). Intra-access flow measurement is useful to 
determine whether an apparent stenosis in this location 
is hemodynamically significant and requires treatment 
(88,107,129). Arterial anastomotic lesions in grafts were 
historically thought to be uncommon, reported in <5% of 
dysfunctional AVGs (10,13). A subsequent retrospective 
review by Khan and Vesely found arterial anastomotic 
lesions in nearly 30% of patients with AVGs, however, this 
was in a group of patients who were informally selected for 
arteriography based on factors such as diabetes, hypertension, 
and age, in addition to poor access blood flow identified 
during access monitoring (96). In a prospective study by Asif 
et al. in which 122 consecutive patients with dysfunctional 
grafts underwent evaluation of the arterial inflow, 24% were 
found to have arterial anastomotic stenoses (35). All arterial 
lesions were associated with concurrent venous stenoses, 
implying these stenoses are rarely seen in isolation. No 
studies have specifically evaluated the effectiveness of PTA 
solely at this location, and outcomes may be considered 
within the range of those in pooled studies. 

Intragraft stenosis 

Stenoses that develop within a PTFE graft, remote from 

anastomoses, are thought to develop via a slightly different 
pathophysiologic mechanism. Rather than the typical 
NIH, intragraft lesions may be related to perigraft scar 
formation and ingrowth or “invasion” of fibroblastic tissue 
through needle tracts in the graft material at cannulation 
sites (130,131). The reported incidence of these lesions 
in dysfunctional grafts ranges from 2–28% (8,10). In 
the largest study of intragraft stenoses, Bautista et al. 
described angioplasty outcomes in 229 lesions in 183 grafts. 
Angioplasty was technically successful in 85% of cases, 
with elastic recoil of the stenotic lesion seen in all cases of 
failure. These were all subsequently treated with a stent or 
stent-graft. Primary patency rates at 6- and 12-month were 
40% and 23% and assisted primary patency rates were 77% 
and 67%, respectively. Graft thrombosis and concurrent 
lesions elsewhere in the access (present in 76% of patients) 
were negative predictors of patency, while stent or stent-
graft deployment was a positive predictor of patency. As 
implied, when an elastic stenosis is encountered and PTA 
fails, placement of an intragraft stent or stent-graft is an 
option, however, this must be done with caution, for reasons 
discussed earlier including risk of stent-graft infection, stent 
fracture, and difficulty with cannulation (132-134). 

Stenosis of the graft-native vein anastomosis 

Graft-native vein anastomotic stenosis is the characteristic 
lesions of AV grafts, accounting for 45–85% of lesions 
resulting in graft dysfunction (10,12,19,34,48). These 
lesions are notoriously difficult to treat (55). As a result, 
extensive efforts have been made to improve treatment 
outcomes. These efforts have most recently focused on the 
use of stent-grafts, and the graft-vein anastomosis is one of 
the few locations in which a stent-graft may be considered 
as a primary treatment, supplanting PTA as first line 
therapy in amenable lesions (24). 

Whether treating a lesion with angioplasty alone or 
a stent-graft, a balloon must be used that is capable of 
overcoming these highly resistant lesions. Studies have 
demonstrated that between 9–13% of stenoses at this 
location require an inflation pressure >20 atm to efface 
the waist of these lesions (55,56). Routine use of an UHP 
balloon should therefore be considered. As mentioned 
earlier, the use of UHP has been theorized to cause 
increased vascular damage, potentially exacerbating the 
intimal hyperplasia response and leading to increased lesion 
recurrence. However, in their comparison of high pressure 
and ultrahigh pressure angioplasty of graft-vein anastomotic 
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lesions, Rajan et al. demonstrated no difference in patency 
rates between the two groups (median 4.6 months for UHP, 
5.4 months for HP), supporting the use of UHP balloons 
based on the improved probability of technical success (55).

Graft-vein anastomotic lesions are one of the few areas 
where cutting balloons have demonstrated increased patency 
rates compared to plain balloon angioplasty, although not 
as durable as stent-grafts. In their comparison of cutting 
and plain balloon angioplasty in different types of AV access 
stenosis, Kariya et al. found that primary patency rates for 
graft-vein anastomotic lesions were significantly higher 
when a cutting balloon was used, with 6- and 12-month 
patency rates of 71% and 57% for cutting balloons, and 
38% and 7% for plain balloons (P=0.04) (82). However, 
other studies, including randomized trials, demonstrated no 
benefit to use of cutting balloons for similar lesions (21). 

Multiple studies, including large randomized trials, 
have shown stent-grafts to have superior outcomes in 
terms of patency in the treatment graft-vein anastomoses 
compared to PTA. Stent-grafts prevent elastic recoil and 
inhibit trans-stent growth of neointimal tissue, thereby 
decreasing recurrent stenosis caused by NIH, and are 
thought to provide more in-line laminar flow by converting 
the end-to-side graft-vein anastomosis into a more end-
to-end configuration, thereby decreasing hemodynamic 
turbulence and other factors that may promote NIH (24). 
The prospective, multicenter, randomized FLAIR trial 
demonstrated significantly greater target-lesion and access 
patency rates at 6 months in the primary treatment of graft-
vein anastomotic lesions, with 6-month target-lesions 
patency rates of 51% in the stent-graft group compared 
to 23% in the PTA group (P<0.01), as well as decreased 
need for repeat interventions in the stent-graft group (24). 
The follow-up 2-year results reported in the RENOVA 
study demonstrated sustained advantages of stent-grafts 
compared to PTA for these lesions, with approximately 
two-fold greater target-lesion and access circuit patency 
rates at 24 months (25). The REVISE trial demonstrated 
similar results using the ViaBahn stent-graft, with similar 
improvements in patency rates at 6 months and increased 
time from index procedure to next intervention in the stent-
graft group compared to the PTA group (26). A 2-year 
follow-up study demonstrated similar overall treatment 
costs between those treated with stent-grafts compared to 
PTA, supporting early use of a stent-graft despite the higher 
upfront cases of the device compared to PTA (135). Overall, 
one should consider early, if not initial, use of a stent-graft 
to treat graft-vein anastomotic lesions, as there is now a 

large body of literature demonstrating superior outcomes to 
PTA. 

In-stent restenosis 

As mentioned throughout this review, there are times in 
which a stent may be placed to treat elastic stenosis or early/
frequent lesion recurrence after PTA. These stents are 
themselves prone to stenosis, although this risk is decreased 
when a stent-graft is used. The multi-center, randomized 
RESCUE trial evaluated the used of PTFE stent-grafts 
compared to PTA in the treatment of in-stent restenosis. 
Six-month target lesion patency rates were significantly 
higher in the stent-graft group (66%) compared to the 
PTA group (12%) (P<0.01), with improved 6-month access 
circuit patency rates as well, although overall low in both 
groups (18% in stent-graft group, 5% in PTA group, 
P<0.01) (136). 

Conclusions

High-quality plain balloon angioplasty, performed utilizing 
the available evidence-basis regarding technique and 
considerations for specific lesion locations, is successful in 
treating the large majority of AV access stenoses. While 
initially successful, patency rates remain non-durable. 
Additional interventions, such as stent-graft placement, 
have proven successful in extending patency rates for 
certain types of lesions, however, a more broadly applicable 
solution that can inhibit the post-angioplasty neointimal 
response and decrease the rate of restenosis is desirable. 
This is the goal of DCBs, which seek to prolong primary 
patency rates after successful PTA. The extensive research 
performed regarding DCBs, including a number of high-
quality RCTs, is covered in part 2 of this review. 
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