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ABSTRACT
The type of hemodialysis access and its preservation impact the quality of life and survival of
patients undergoing hemodialysis. Vascular access complications are among the top causes of
morbidity, hospitalization, and catheter use, with significant economic burden. Poor maturation
and stenosis continue to be key impediments to upper arm arteriovenous fistula feasibility.
Cephalic arch is a common location for vascular access dysfunction due to its distinctive anat-
omy, complex valves, and biochemical alterations attributable to renal failure. Understanding
cephalic arch stenosis is critical due to its high prevalence and treatment failure. The appropriate
management option is highly debatable and mostly dependent on patient characteristics and
interventionist’s preference. Current options include, percutaneous transluminal balloon angio-
plasty, stent grafts, bare metal stents, cutting balloon angioplasty, endovascular banding, and
surgical procedures. This article discusses the etiologies of cephalic arch stenosis as well as cur-
rents trends in management including endovascular and surgical options.
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Introduction

Chronic kidney disease CKD is associated with a poor
prognosis, including cardiovascular complications and
early mortality [1]. Renal replacement therapy either in
the form of hemodialysis or peritoneal dialysis is consid-
ered a lifesaving treatment, available to patients with
end stage renal disease (ESRD) and can serve as bridge
to renal transplantation. Patients with end stage renal
disease undergoing hemodialysis require adequate vas-
cular access to maintain their quality of life and
improve survival. The type of hemodialysis access and
its preservation greatly influence the survival and qual-
ity of life of hemodialysis patients.

Complications related to vascular access are among
the leading causes of morbidity, hospitalization, cath-
eter use in dialysis patients with nearly $2 billion cost
burden to the US health care system [2]. Vascular access
sites can be an arteriovenous fistula (AVF), arterioven-
ous graft (AVG), or a central venous catheter (CVC). AVF
is primarily the preferred type of vascular access in
patients undergoing HD due to their durability and
lower risk of infection when compared to other vascular

accesses [3]. The National Kidney Foundation adjures

the use of arteriovenous fistulas rather than grafts in

HD patients [4].
The radiocephalic (RCF) and brachiocephalic fistulas

(BCF) are the commonly used upper arm hemodialysis

fistulas access. RCF (Figure 1(a)) is regarded as the first

choice for hemodialysis access as it has reliable patency,

low complication rate and the ability to preserve other

potential access points in the future [5]. An important

limitation of RCF is the high primary failure rate of

about 15% at one year following fistula placement [6].

This is due to early thrombosis and non-maturation,

especially in elderly and in patients with underlying vas-

cular disease such as diabetes [7,8]. BCF (Figure 1(b))

access has relatively higher maturation and patency

rates than the RCF and are the most common access

used in HD in the United States [9]. In fact, the kidney

disease outcomes quality initiative (KDOQI) recommen-

dations favor BCF however, its placement precludes

future distal access placement and has high rates of

steal syndrome [5]. Therefore, placement is only

CONTACT Gift Echefu gift.echefu@brgeneral.org Baton Rouge General Medical Center, Internal Medicine Program, 8585 Picardy Avenue, Baton
Rouge, 70809, LA, USA
� 2023 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

RENAL FAILURE
2023, VOL. 45, NO. 1, 2176166
https://doi.org/10.1080/0886022X.2023.2176166

http://crossmark.crossref.org/dialog/?doi=10.1080/0886022X.2023.2176166&domain=pdf&date_stamp=2023-02-06
http://creativecommons.org/licenses/by-nc/4.0/
http://www.tandfonline.com


considered as initial access only in patients with unsuit-
able vessels or in those with failed RCF.

Cephalic arch is a common site of vascular access
dysfunction because of its unique morphology, anatom-
ical characteristics, multiple valves and various bio-
chemical changes associated with renal failure [10].
Poor maturation and stenosis remain major limitations
to upper arm AVF viability, especially in the RCF [8]. The
mean number of years to development of CAS is esti-
mated at 2.93 ± 1.93 years [7]. Preoperative planning
with doppler ultrasound has been suggested [8].
However, there is evidence that clinical assessment in
the absence of imaging is sufficient, with no significant
differences in surgical outcomes and fistula survival
[8,11]. The management of CAS has been particularly
difficult due to higher rates of resistance to angioplasty.

The purpose of the present review is to discuss the
anatomy, etiologies, as well as the various endovascular
and surgical treatment options available for the man-
agement of cephalic arch stenosis (CAS).

Epidemiology of cephalic arch stenosis

The reported incidence and prevalence of CAS is highly
variable in literature, ranging from 4.25–64% [12–14].
The prevalence also depends on the upper extremity
fistula location with the brachiocephalic fistula (BCF)

more commonly involved relative to the radiocephalic
fistula (RCF) [13–16]. The true incidence may be poorly
represented due to patient selection, as clinically signifi-
cant CAS is likely to be diagnosed while subclinical
cases go undetected. Furthermore, there may be insti-
tutional differences in the recommendation and choices
of the location of the upper arm fistular recommended.
A retrospective study by Rajan et al. in a cohort of 177
dysfunctional autogenous fistulas treated over a 48-
month period reported the overall prevalence of CAS to
be 15% (26 of 177). The prevalence of CAS in brachioce-
phalic fistulas was 39% as compared to 2% in radioce-
phalic fistulas (p <.001) [13]. CAS was 37 more likely in
the BCF compared to the RCF. This pattern of preva-
lence is similar to the investigation by Turmel-
Rodrigues et al. reporting CAS to be more common
with BCF compared to RCF at 55% versus 7% respect-
ively [16]. Hammes et al. investigated the incidence of
CAS among 127 patients (97 BCF and 30 RCF) with
upper arm fistula access and venogram confirming evi-
dence of CAS at 64%. The incidence of CAS among bra-
chiocephalic fistula patients was 77% and 20% among
radiocephalic fistula patients [15]. Nam et al. reported a
4.25% prevalence of CAS in one of the largest case ser-
ies. Of 1623 patients (1325 RCF and 298 BCF) with failed
upper arm fistulas, CAS occurred in about 19.5% BCF
and 0.83% in RCF groups [17]. The lower prevalence of

Figure 1. (a) Radiocephalic (RC) fistula. (b) Brachiocephalic (BC) Fistula.
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CAS in the RCF could be explained by presence of alter-
native outflow veins (basilic and median cubital veins)
for the RCF other than the cephalic vein as is the case
in BCF. Furthermore, the RCF is located further away
from the cephalic arch relative to the BCF and may
have a more favorable hemodynamic effect.

Anatomy

The Cephalic vein is part of the upper extremity’s super-
ficial venous system. It originates in the anatomical
snuffbox from the radial aspect of the superficial ven-
ous network of the dorsum of the hand. Coursing along
the anterolateral forearm to the elbow, it communicates
with the basilic veins via median ante-cubital veins. It
then courses along the lateral aspect of the biceps
toward the pectoralis major muscle as it enters the del-
topectoral groove (a triangular space formed by the
adjacent borders of the deltoid and pectoralis major
muscles Figure 2). It then passes under the clavicle,
turning sharply to pierce the clavipectoral fascia termi-
nating as the axillary vein. The cephalic arch refers to
the final arch of the cephalic vein before it drains into
the first part of the axillary vein.

Depending upon the individual’s cephalic vein, its arteri-
alization may be undertaken at different levels. Snuff box
fistula is the first access if suitable cephalic vein and strong
pulse of radial artery in anatomical snuff box can be pal-
pated. Distal radiocephalic fistula of forearm at wrist is the
most preferred native access if there is expressed sclerosis
of radial artery in the snuff box or a strong pulse remains
imperceivable at wrist. This access has been proved to
have the best long-term function. Proximal brachiocephalic
fistula in upper arm is frequently used as a secondary pro-
cedure after the distal radiocephalic fistula has failed.

The position of the cephalic vein has been disputed
to be mostly superficial versus deep by different
authors [18,19]. This is noteworthy as procedural failure
may result from not properly locating this vein. Yeri
et al. described the anatomy of the cephalic vein in the
deltopectoral triangle among 50 cadaveric shoulders
dissections focusing on its path and termination. The
authors noted that all 50 cephalic veins were located in
the deltopectoral fascia, an aponeurotic conduit con-
necting the pectoralis major and deltoid muscles. The
deltopectoral fascia was noted to be variable in appear-
ance, occasionally thin or disrupted by fat segments
resembling subcutaneous tissue [18].

Figure 2. Anatomy of the cephalic arch [10].
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More recently, Bennett et al. conducted a study on
69 patients with BCF and characterized the cephalic
arch segment into four domains (Figure 3) in the direc-
tion of blood flow through cephalic vein. Domain 1 is
the peripheral portion of the arch and domain IV is the
distal portion near its termination with axillary vein.
Significant stenosis was defined as 50% stenosis when
compared with the standard diameter of nearest nor-
mal cephalic vein peripheral to arch. To define the 4
parts, the authors determined the domains by drawing
a line through the arch’s apex that was perpendicular
to the vein wall. The distance from the cephalic-axillary
junction to the apex was measured, then divided into
equal distance, defining the mid-point. Another line
was then inserted perpendicular to the arch at mid-
point. A 3rd line divided the distance between the mid-
point and the apex [7]. The authors concluded the
order of stenosis in various domains as IV> III> II> I
[7]. The factors contributing to increased prevalence of
stenosis in domain IV include bending of the vein as it
enters the axillary vein to form subclavian vein, max-
imum number of valves and highest pressure and flow
of blood in this domain. Anatomic variants and com-
plex collateral circulations, including bifid and trifid
cephalic arches have been described [7,20].

Etiology of cephalic arch stenosis

The pathophysiology of cephalic arch stenosis remains
poorly understood. However, several mechanisms have
been proposed which may include altered blood flow,
extrinsic compression of the vessel by fascia and

pectoralis major muscle, the anatomy of the cephalic
arch and the entry angle of the cephalic vein as it
enters the axillary vein and turbulent and presence of
multiple valves. The functional profile of CAS is
reported to differ from other HD access stenosis which
could be explained by the involvement of the proximal
segment of the cephalic vein in the arch [21]. The inter-
play between several of these factors may predispose
to the development of CAS in susceptible fistulas.

Altered blood flow

Altered blood flow has been associated with an
increased risk of cephalic arch dysfunction. Laminar
blood flow facilitates high shear stress thereby promot-
ing endothelial cell survival, unidirectional flow, and
release of endothelial vasodilators, and prevent neointi-
mal hyperplasia, all of which can aid in the preservation
of the AV fistula [22]. On the other hand, low shear
stress, or turbulent flow, promotes endothelial cell alter-
ation, proliferation, and apoptosis, as well as the secre-
tion of substances promoting vasoconstriction,
coagulation, and platelet aggregation. High flow may
also result from low resistance venous outflow. Miller
et al. supported this mechanism by demonstrating that
by decreasing AVF flow rates in patients with CAS, the
rate of cephalic arch intervention per access year
decreased from 3.34 before banding to 0.9 after
banding [23].

Extrinsic compression

The cephalic arch traverses within and sometimes deep
to the deltopectoral and clavipectoral fascia in its
course. In some individuals, this compresses the ceph-
alic arch preventing its dilation. The proposed mechan-
ism is that vascular compression prevents appropriate
shear stress, encourages turbulent flow, and leads to an
increase in venous pressure. These pathophysiologic
mechanisms culminate in endothelial damage, hyper-
plasia, medial hypertrophy, and clinically significant
cephalic arch stenosis [24,25].

Anatomy of the cephalic arch and the entry angle
of the cephalic vein

Angulation of the cephalic vein as it enters the axillary
vein has been proposed as a mechanism in the devel-
opment of CAS. This angulation is theorized to precipi-
tate turbulence, increased flow rate across the vein that
injures the endothelial cells resulting in hyperplasia.
However, Jaberi et al. [24]. Did not find any evidence toFigure 3. Anatomy of the Cephalic arch.
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support this hypothesis when they compared entry
angles between patients with clinically significant CAS
and no CAS. Hammes et al. [26] investigated the ceph-
alic arch anatomy between diabetic and non-diabetic
patients. The authors reported larger alpha angles (the
angle formed by lines tangent to the straight part of
the cephalic vein before and after the cephalic arch)
and low risk of CAS among diabetics [15,26]. It is
unclear if there is a conclusion to be drawn in respect
to cause-and-effect relationship in diabetic patients and
their low risk for CAS.

Turbulence from increased flow rate and presence
of venous valves

There are more valves in the central region of the ceph-
alic vein and the number increases as it joins the axil-
lary vein [27]. In veins with suboptimal dilation, there
valves may induce turbulent flow that alters the shear
stress mechanism, causing endothelial injury, valvular
hypertrophy, hyperplasia, all culminating in CAS [27].

Intimal hyperplasia

Intimal hyperplasia has been implicated in the evolu-
tion of CAS. Studies have demonstrated high plasma
levels of proinflammatory proteins such as interleukin
6, platelet derived growth factor and monocyte chemo-
attractant protein 1, which are known to propagate
neointima formation and vascular smooth muscle
hyperplasia among patients undergoing hemodialysis.
This may explain the recurrent AVF stenosis [28–32].

Management of cephalic arch stenosis

Early fistula maturation, high primary or secondary
patency rate is desirable when choosing an HD access
site stenosis management procedure. Endovascular and
surgical techniques have been investigated in the man-
agement of CAS, however, there is still no consensus
regarding the most effective of them yet. The failure of
AVF is explained by outcome variables including matur-
ation, primary and secondary patency rates. Periodic
vascular access blood flow (QA) testing is the recom-
mended technique for surveilling vascular access per-
formance [33]. Many authors, regard fistula failure as
decreased volumetric blood flow rate less than
500mL/min; or reduction by 20% from the baseline; or
greater than 5% recirculation, stenosis or thrombosis in
the fistulized segment, or significantly increased venous
pressures above threshold [10]. Yarar et al. [34] devel-
oped and validated a novel ultrafiltration method to

assesses flow (QA) and function of HD vascular access.
This method detects changes in the hematocrit result-
ing from sudden variations in the ultrafiltration rates
with the dialysis blood lines in the normal (dHn) and
reverse (dHr) configurations without consideration for
dialyzer blood flow rate and use of intravenous
saline [34].

According to the Kidney Disease Outcomes Quality
Initiative statement, primary patency refers to the
absence of vascular access dysfunction, patent lesion or
residual stenosis <30% with no indication for further
reintervention of the lesion [35]. Assisted primary
patency is the interval from the time of access place-
ment to the time of access thrombosis requiring surgi-
cal or endovascular interventions to maintain access
patency. Secondary patency, therefore, refers to
patency occurring between the time of primary inter-
vention and the time when the AV access is revised or
abandoned [35,36]. The long-term patency of arterio-
venous fistulas is influenced by several factors such as
timely referral for placement of fistula, collaborative
approach of team to secure the access, continuous
quality assessment and practicing routine pre-operative
mapping of arteries and veins.

Percutaneous transluminal balloon angioplasty

Percutaneous balloon angioplasty with or without stent
is currently considered the first line management
option for venous stenosis in HD. The primary indica-
tion for angioplasty for management of AVF or AVG
stenosis in a HD patient includes anatomic; stenosis
greater than 50% of the vessel luminal diameter, or clin-
icopathologic findings; decreased access blood flow
(<600mL/min) as evaluated on color doppler ultra-
sound, elevated venous pressure, decreased dialysis
dose (kt/V) recirculation or urea, and abnormal physical
exam. Lawrence et al. reported the first use of angio-
plasty for the management of AV fistula stenosis among
6 patients using the Gruntzig balloon catheter tech-
nique [37]. Since then, there have been ongoing investi-
gations into percutaneous management of vascular HD
sites dysfunction. Angioplasty has the advantages of
low infection risk and can be used for hemodialysis on
the same procedure with no requirement for catheter
placement. Despite relatively good outcomes reported
with PTA in managing other HD access, CAS appears
highly resistant to angioplasty with tendency for recur-
rent stenosis, often requiring multiple angioplasty pro-
cedures with high pressure balloons sometimes
employed to overcome resistant lesions [13,16].
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Notably, the use of high-pressure balloons carries the
risk of rupture [13].

Few studies have investigated outcomes of angio-
plasty in the management of cephalic arch stenosis.
Turmel-Rodrigues et al. [16] investigated this in a series
of 1,118 procedures performed in native AV fistulas and
AV grafts. Of the 74 upper arm fistulas reported in this
cohort, more than half (55%) of lesions were noted in
the outflow vein. Upper arm fistulas, mostly in the
cephalic arch, had more angioplasty resistant lesions
(4.8%) when compared to resistant lesions in the fore-
arm fistulas (1.3%) [16]. The reported rupture rate in
this study was 14.9% in the upper arm fistulas, again,
mostly in the cephalic arch, compared with 8.3% in the
forearm angioplasties. The authors reported superior
primary patency rates in forearm AVF at 50%, followed
by 34% for upper arm AVF and the lowest at 25% for
AV graft angioplasties. Secondary patency rates were
comparable in the three groups at 1 year (80–86%) and
at 2 years (68–80%) [16].

Angioplasty outcomes specific to CAS were investi-
gated by Rajan et al. among 117 functional AV fistulas.
In their retrospective study, 66% (116) fistulas were in
the upper arm and 34% (61) fistulas in the forearm. The
authors reported a primary patency rate of 42% at
6months and 23% at 1 year. The 6months primary
assisted patency was 83%, and 75% at 1 year. High
inflation pressure balloons at 15 atm were required in
more than half of the angioplasties (58%) with 6% rup-
ture rate [13].

A recent case control study by Neves et al. investi-
gated strong predictors of recurrence of CAS after suc-
cessful angioplasty [38]. The authors reported that
diabetes and low-grade stenosis (<30%) were strong
predictors of CAS recurrence.

Intravascular stent deployment

Due to poor angioplasty outcomes, in part due to the
need for recurrent interventions and poor primary
patency, alternative management options for CAS are
being investigated. Stent graft placement improves
angioplasty outcomes and is becoming more employed
in the primary management of CAS (Figure 4). Bare
metal stents (BMS) are falling out of favor due to high
in-stent restenosis and low patency rates making stent
grafts a better alternative. Bare metal stents appear
relatively superior to angioplasty alone [39]. Dukkipati
et al. compared outcomes following angioplasty alone
to BMS in their study of 45 patients. The authors
reported a median patency of 152 days among BMSs
patients versus 91.5 days in those who underwent only

angioplasty [40]. Shemesh et al. conducted a random-
ized control trial comparing the patency rates of bare
metal stents and stent graft among 25 patients under-
going management for failed angioplasty for the man-
agement of recurrent CAS. They reported primary
patency at 6months for BMS at 39% compared to stent
grafts at 82%. Primary patency at 1 year was 32% in the
stent graft group versus 0% in the bare stent group.
Rate of restenosis was 70% (10) in the BMS group and
18% (11) in the stent graft group [41]. Jones et al.
described a group of 39 patients who underwent stent
graft placement for management of CAS. They reported
primary patency of 85%, 67%, and 4%, at 3, 6, and
12months respectively. Primary assisted patency was
95% at 12months [42].

Placing appropriately sized stent at the inflow miti-
gates stent migration and guttering which can lead to
turbulent flow and precipitate restenosis. Stent protru-
sion into the veins can lead to axillary or subclavian
stenosis or even jailing of the basilic vein and may
cause arm swelling and preclude future fistula forma-
tion [41]. Cahalane et al. [43] conducted a retrospective
study investigating the association between anatomic
characteristics and the primary patency of BC fistulas
following stent graft placement in CAS management.
The SG placed were 0–1mm larger than the adjacent
segment. The investigators reported primary patency
rates of 64%, 49.9%, and 23.5%, at 6, 12months and
3 years respectively among 63 patients that underwent
stent graft placement. They also reported an association
between stent graft size and CAS but not with cephalic
arch anatomy. They posit that under sizing the stent
graft (determined by the diameter of the adjacent
healthy cephalic vein segment) would not accommo-
date for potential expansion of the cephalic venous
outflow that may occur over time resulting in access
aneurysm and subsequent dysfunction. One of the limi-
tations of this study is the small patient population that
precluded meaningful small group analysis to make
substantial conclusions [43]

Overall, among studies reporting on covered stent
grafts, the 6months primary and secondary patency
rates were 67–82% and 88–90%, respectively [10]. After
one-year, primary patency dropped to 22–72.72% [10].
Stent-grafts seem to be the most durable endovascular
intervention; however, they frequently require re-inter-
vention at one year to maintain patency. There is also
increased risk of thrombosis or stenosis in the central
venous outflow if the stent graft crosses into the axillary
vein from the cephalic arch during intervention.
Reintervention rates for bare metal stents have been
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shown to be 0.75–1.9 versus 0.9 in stent grafts per
patient-year [40,41].

Stent placement during angioplasty improves overall
patency rate compared to angioplasty alone. Self-
expanding stents are preferred due to their low migra-
tion risk. Dukkipati et al. compared the mean number
of angioplasties required among 20 patients who
underwent angioplasty with stent and 25 patients with-
out stents and reported 0.75 and 2.76 reintervention
rates respectively [40].

Drug coated balloon

Drug coated balloon (DCB) has been investigated as a
management option in treating dysfunctional hemodi-
alysis AV access, both AV fistula and grafts [44–47]. The
use of DCB for these lesions evolved as an avenue to
address high rates of restenosis and failures associated
with standard plain balloon angioplasty. Majority of
studies report on the outcomes for DCB in the manage-
ment of a wide variety of dysfunctional HD access and
are often not specific to cephalic arch stenosis [47–49].
The reported primary patency and restenosis rates are
variable, with most reporting improve primary patency
within the first 6months, after which no difference
existed between DCB and standard PTA [45,48–51].

Recently, Tng et al. [51] conducted a retrospective
cohort study comparing patency rates among 91
patients who underwent plain balloon angioplasty (65
patients) and DCB (26 patients, paclitaxel-coated bal-
loons) over a 3-year period for the management of CAS.
BCF was the predominant access type in these patient
populations at 94.5% vs 5.5% for radiocephalic fistula.
Comparative outcomes included primary patency rates
(from index procedure to thrombosis), primary assisted-
patency rates and CAS target lesion (stenosis >50%) at
3, 6 and 12months. Primary patency rates were not
statistically significant for standard PTA versus DCB
reported to as 76.2% vs. 60% (p¼ 0.21), 43.5% vs. 36%
(p¼ 0.69) and 22% vs. 9.1% (p¼ 0.22) at 3, 6 and 12-
months, respectively. The assisted primary patency
rates following index intervention were 93.7% vs. 92%
(p¼ 1.00), 87.1% vs. 80% (p¼ 0.51) and 76.3% vs. 81.8%
(p¼ 0.77) while CAS target lesion intervention free
patency rates were 79.4% vs. 68% (p¼ 0.40), 51.6% vs.
52% (p¼ 1.00) and 33.9% vs. 22.7% (p¼ 0.49) at 3, 6,
and 12-months, respectively.

A global prospective non-blinded control trial by
Lookstein et al. [48], randomized 330 patients with new
or re-stenotic lesions involving the upper extremity
AVF, to either drug coated balloons or standard balloon
angioplasty [48]. Majority of the target lesions were in

Figure 4. Left: Cephalic arch stenosis. Right: Stent placement for management of cephalic arch stenosis.
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the venous outflow, including the cephalic arch. There
was an equal number of arteriovenous access lesions in
the forearm (radiocephalic) and upper arm (brachioce-
phalic and brachiobasilic) included in the study [48].
The primary endpoint was target lesion primary
patency as determined by clinically driven target-lesion
revascularization or safety information for any major
adverse event at 30 days. The drug coated balloon arm
had a higher 6-month TLPP at 82.2% vs 59.5% for the
standard PTA arm (p< 0.001), and sensitivity analysis
confirmed these findings. DCB was found to be non-
inferior to standard PTA in the primary safety endpoint
(4.2% vs. 4.4%, respectively; p¼ 0.002) [48]. A similar
RCT conducted by Irani et al. [47] showed comparable
results. The target lesion primary patency and primary
access circuit patency at 6months was significantly
improved at 6months in the DCB arm (TLPP 81% vs
61% p0.03: ACPP 76% vs 56% p 0.048) [47]. DCB may
require high pressure dilatation to achieve device suc-
cess, augmenting its procedural success rate at a level
comparable to standard PTA [45,48].

Peripheral cutting balloons angioplasty

Cutting balloon angioplasty was initially employed for
lesions due to atherosclerotic plaque seen in coronary
artery disease but has now been adapted to the man-
agement of intimal hyperplasia more commonly seen in
dysfunctional hemodialysis access site. Very few studies
investigating its efficacy and outcomes in managing
cephalic arch stenosis are few. Majority of available
studies included a wide range of dysfunctional AVF
lesions. In HD access management, CBA use has been
restricted primarily to management of resistant, hard to
dilate venous stenoses especially following failure of
conventional PTA [52,53]. The high recurrence rate after
percutaneous transluminal balloon angioplasty has
been attributed in part to intimal injury from the initial
endovascular intervention. This is thought to be miti-
gated by microsurgical incisions made into neointimal
hyperplasia during cutting balloon angioplasty with the
benefit of less intimal trauma [53]. CBA also has a low
rupture risk due to less wall tension and protects
against secondary restenosis thereby prolonging
patency [53]. Another limitation to the use of CBA is the
risk of elastic recoil necessitating stent placement.
Notably, cutting balloons require an average of 0.9
interventions per patient per year [14]. The application
of the outcomes of some existing studies in the man-
agement of CAS is limited by the wide variety of access
dysfunctions included in these investigations beyond
CAS lesions.

Preliminary results from several investigations sug-
gest some benefit in combining conventional PTA and
cutting balloons in the management of hemodialysis
access stenosis. Here, cutting balloon is performed
before conventional or PTA to improve residual stenosis
[54–56]. However, the use of high-pressure balloon fol-
lowing CBA could in theory, counter the benefit of vas-
cular trauma reduction attainable with CBA. The
published reports on cutting balloon angioplasty for
treatment of hemodialysis vascular access stenosis do
not accurately inform on the inherent patency rates
attributable to CBA. Several of these studies report on
the use of cutting balloons alongside conventional PTA
or high-pressure balloon or with stent placements, as
these results are not reflective of the outcomes of CBA
as a primary treatment [54,57,58].

Several studies have compared the patency rates for
cutting balloons to conventional percutaneous translu-
minal angioplasty in the management of autogenous
venous graft, ingraft stenosis, intra-graft stenosis with
mixed results [59]. Heerwagen et al. in their retrospect-
ive review of endovascular outcomes among 17
patients who underwent cutting balloon angioplasty
for the management of CAS, with and without conven-
tional PTA reported primary patency rates at 3, 6, 12,
and 15months were 94%, 81%, 38 percent (14%), and
22 percent (15%), respectively. At similar durations, the
assisted primary patency rates were 100%, 94%, 77%,
and 63 13%, respectively. The mean duration between
endovascular interventions was 13months (SD ¼ 8),
with 0.9 interventions required per patient-year of dialy-
sis [14]. Authors found no improvement in the patency
rates after CBA compared to what is known in literature
about conventional PTA. This study is limited due to
the small sample size and no control group.

Saleh et al. conducted one of the largest prospective
studies comparing the rates of patency achievable with
PTA using cutting balloon and conventional angioplasty
in the management of HD access dysfunction. The
authors randomized 623 patients into the 2 groups,
either to receive cutting balloon angioplasty or conven-
tional balloon angioplasty. In the cutting balloon angio-
plasty arm, there were 316 stenoses with 95 venous
(including CAS), 80 graft-to-vein anastomosis, 61 intra-
graft, and 80 arterial anastomotic lesions. The conven-
tional PTA arm enrolled patients with a total of 307
stenosis, consisting of 81 venous (including CAS), 82
graft-to-vein anastomosis, 72 intra-graft and 72 arterial
anastomotic stenosis. They reported higher 6 and
12months assisted primary patency among patients
who underwent cutting balloon angioplasty (86% and
63%) compared with patients who underwent
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conventional balloon angioplasty (56% and 37%) in the
management of graft-to-vein anastomotic stenosis [60].
There was no significant difference in the assisted pri-
mary patency rate among the intra-graft stenosis and
venous stenosis subgroups [60]. The authors did not
report data on subgroup analysis for patients with CAS
alone [60]. Furthermore, the venous stenosis group in
this study is relatively more powered than existing stud-
ies on CBA use in CAS suggesting the need for future
adequately powered studies.

Surgical interventions

Flow reduction endovascular banding
High flow rate has been proposed as a potential mech-
anism in the development of CAS. Therapeutic flow
reduction intervention has been explored. Miller et al.
conducted a retrospective review of 33 patients with
recurrent CAS who underwent fistula banding with bal-
loon assisted technique to reduce flow. Primary patency
rate after banding was 91%, 76%, and 57% at 3, 6, and
12months, respectively. The rate of cephalic arch inter-
vention reduced from 3.34 to 0.9 per access year
(P.001). This further supports the idea that high flow
rates in the BCF may contribute to cephalic arch sten-
osis [23].

Cephalic vein transposition
Surgical intervention for the management of CAS is
reserved for recurrent CAS failing angioplasty [61]. It
reduces rates of reintervention compared to angio-
plasty however they have a similar patency rate after
2 years. There is evidence of improved patency rates
with surgery after failed angioplasty without increasing
complication rates. Cephalic vein transposition involves
surgically ligating the cephalic vein at the deltopectoral
groove and transposing the remaining segment onto
the distal axillary vein. Alternatively, interposition graft
may be surgically transposed from the cephalic to the
jugular vein other than the axillary vein [62]. Studies
investigating cephalic vein turn down as initial inter-
vention in the management of CAS prior to angioplasty
have reported poor outcomes [63,64]. Furthermore, CVT
precludes future creation of basilic vein fistula in certain
populations [65].

Chen et al. [61] in their report of 9 patients with bra-
chiocephalic fistulas, (median age of 14months) who
underwent surgical revision, cephalic vein transposition
was done for 7 fistulas and two fistulas had basilic vein
transpositions. Primary patency rates were 70% at
6months and 60% at 1 year. The authors reported

higher patency rates with cephalic transposition than
those reported for CAS angioplasty [13,61].

Henry et al. retrospectively reviewed 23 patients
with CAS who underwent cephalic vein transposition,
most of which were after recurrent angioplasties.
Transposition was primary in 3 patients. The average
number of angioplasty interventions to the cephalic
arch prior to transposition was 2.3 ± 0.9. Ninety seven
percent (23/24) were able to keep their regular access
schedule. The two-year primary patency rate was 70.9%
and secondary patency 94.7%. The primary patency
rate is comparable to those reported by similar studies
[64,66,67].

Best outcomes after CV transposition are achieved
when the axillary and central veins are patent, mature,
and active. It is not suitable for intervening on axillary,
subclavian, or innominate vein occlusion and should
rarely be performed on non-matured, non-utilized fistu-
las [68]. CVT has a low re-intervention rate of about
0.16 interventions per patient per year which is compar-
able across similar studies [66,68].

Prior arch stenting should not discourage future
cephalic arch transposition if the stent does not extend
significantly into the axillary vein. Although angioplasty
is regarded as the first line for CAS, with no restriction
on the number of angioplasties that could be
attempted prior to surgery in recurrent CAS, CVT should
be considered early in the course in appropriate clinical
scenario due to its low rate of reintervention.

Cephalic vein turn-down
Cephalic turn down is another surgical intervention
which has shown promising outcomes in the manage-
ment of CAS. Kian et al. [65] investigated the role of
cephalic vein turndown in the management of CAS in
13 patients. The authors compared the patency rates
for angioplasty procedure prior to the surgical revision
which were 23%, 8%, and 0%, at 3, 6, and 12months,
respectively. The secondary patency rates for balloon
angioplasty before surgical revision were 100%, 39%,
and 8%, at 3, 6, and 12months respectively. Primary
patency rates for angioplasty after surgical revision
were 92%, 69%, and 39%, at 3, 6, and 12months
respectively (P .0001). Following the surgical revision, all
patients required percutaneous balloon angioplasty for
access dysfunction. Secondary patency following surgi-
cal revision was 92% at 3, 6, and 12months [65].
Studies indicate that surgical intervention can prolong
subsequent patency rates for percutaneous balloon
angioplasty without increasing the complication rates.
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Conclusion

The best management approach for CAS should main-
tain the integrity of the fistula for long term patency
and for effective flow. Though there are no guidelines
for the number of angioplasties that may be performed
on the cephalic arch, secondary procedures, such as
endovascular interventions and surgical transpositions
are considerable alternatives in refractory cephalic arch
stenosis. Appropriate patient selection increases the
likelihood of prolonged patency and viability of AV
access.
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