Use of the Viabahn stent graft for the treatment of recurrent
cephalic arch stenosis in hemodialysis accesses
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ABSTRACT

Objective: Cephalic arch stenosis (CAS) is a frequent and challenging failure mode of brachiocephalic fistulas. Natural
tortuosity of the cephalic arch requires special consideration in selecting a treatment modality. Typical percutaneous
angioplasty and bare-metal stent (BMS) treatments provide a short-term treatment solution for CAS without a durable
effect. This study assessed Viabahn (W. L. Gore & Associates, Flagstaff, Ariz) stent grafts (SGs) as a first-line percutaneous
option to provide a durable treatment for CAS.

Methods: SC data were collected at a free-standing physician office between July 10, 2009, and January 26, 2011. A single-
arm, prospective, observational study was conducted of 50 consecutive CAS patients treated with angioplasty followed
by deployment of Viabahn SGs. Outcomes included target lesion primary patency and reintervention rates as well as
secondary access patency. Results were compared with historic cohorts of percutaneous balloon angioplasty (N = 50)
and angioplasty followed by BMS deployment (N = 50). The cohorts were treated between May 5, 2005, and May 20, 2010,
and assessed in chronologic order.

Results: The SG cohort target lesion primary patency reported at 3, 6, and 12 months was 90% = 7%, 74% = 12%, and
60% = 14% (+x95% confidence interval), respectively. Compared with historic cohorts, the SG cohort demonstrated sta-
tistically superior target lesion primary patency (P < .001), with a reduced reintervention rate per access-year (P < .001).
Secondary access patency was statistically superior compared with the percutaneous balloon angioplasty cohort
(P = .034) but not statistically different from the BMS cohort when assessed during a 2.5-year period. The secondary
access patency for the SC cohort at 5 years was 80% =+ 15%.

Conclusions: In treatment of a CAS, the Viabahn SG study group demonstrated superior target lesion primary patency
and required fewer subsequent interventions compared with historic cohorts treated with angioplasty or angioplasty
followed by BMS placement. Given the significant improvement in target lesion primary patency, future studies should
challenge Viabahn SGs as a primary percutaneous treatment modality vs durable surgical alternatives. (J Vasc Surg

2017:m:1-7.)

Cephalic arch stenosis (CAS) is one of the most preva-
lent and significant challenges in maintaining brachioce-
phalic fistula function."® Tortuous anatomic features of
the cephalic arch vein segment make it more prone to
the development of aggressive flow-restrictive lesions.*>”
That same anatomy also creates treatment difficulties
that must be managed through careful device selection
and procedural technique. Thus far, an optimal percuta-
neous treatment for CAS has yet to be demonstrated.

Management of CAS with percutaneous transluminal
angioplasty (PTA) or PTA followed by bare-metal stent
(BMS) deployment has long been the mainstay of
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therapy because of the relatively low cost and satisfac-
tory technical success observed during the procedure.
Both therapies are fraught with issues. PTA of the
cephalic arch has low primary patency, requires frequent
reintervention,®® and is associated with a high incidence
of vein rupture during dilation of venous stenosis.> After
suboptimal angioplasty, elastic recoil of the vein wall
may necessitate a BMS to provide structural support.
The BMS will often form in-stent stenosis, creating a
lesion reinforced by a metal scaffold, which tends to be
resistant to percutaneous treatment. The incidence of
in-stent stenosis, at various anatomic locations, has
been reported as high as 85%, with patency rates at 1
year equivalent to those of PTA''™ In this location,
BMSs are also known to cause axillary vein stenosis and
occlusion.”

Stent grafts (SGs) offer a potential solution to the
shortcomings of PTA and BMS in treating CAS. Several
large, multicenter, randomized controlled studies have
established that treatment of dysfunctional grafts or fis-
tulas with SGs can demonstrate improved lesion patency
and reduced reintervention rate compared with PTA*®
None of these large studies included treatment of CAS. A
few small studies focused on CAS treatment have
demonstrated positive outcomes in patients treated
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with SGs; however, optimal procedural technique, dura-
bility, and potential failure modes for SGs have yet to
be described.'?'¢®

The purpose of this study was to prospectively evaluate
the short-term clinical outcomes as well as long-term
durability of an SGC in treating CAS. Historic cohorts of
PTA and BMS treatment modalities from the same cen-
ter were used as statistical comparators. This study also
explores a unique implantation technique to best navi-
gate the tortuous anatomic features of the cephalic arch.

METHODS

Study design. The study was a 50-patient, single-arm,
prospective, observational study carried out at a free-
standing physician office between July 10, 2009, and
January 26, 2011. An Institutional Review Board did not
exist at the authors’ free-standing physician office when
the study was initiated; therefore, the principles of the
Declaration of Helsinki were followed. All patients
consented for the procedure had a dysfunctional or
thrombosed native fistula due to CAS. Patients who
experienced elastic recoil or vein rupture at the cephalic
arch after predilation with PTA were treated with an SG
and included in the study. Patients were excluded if a
persistent “waist” was visible on an ultrahigh-pressure
PTA balloon in treating the target lesion. The visible
waist indicated the presence of an intractable stenosis
that required a surgical referral for patch angioplasty or
new access creation. Fifty consecutive patients who met
inclusion criteria received a Viabahn (W. L. Gore & Asso-
ciates, Flagstaff, Ariz) SG to treat CAS. Patients were
observed for 12 months, with visits scheduled at 3, 6, and
12 months per the standard protocol of the study site.

Historic BMS and PTA cohorts were collected retrospec-
tively between May 5, 2005, and May 20, 2010. Patients
were considered in chronologic order until 50 patients
in each historic cohort were identified. To optimize effec-
tiveness comparisons, patients were selected from the
same center with procedures performed by the same
operators. A minimum of 12 months of data after PTA
or BMS treatment was required to be part of the historic
cohorts. Similar inclusion and exclusion criteria applied
to the prospective arm were also applied to the historic
cohorts. Elastic recoil or vein ruptures, managed by pro-
longed balloon inflation, were included in the PTA
cohort. If a BMS was required to treat the elastic recoil
or rupture, those patients were eligible to be included
in the BMS cohort. Historic cohorts had recorded similar
visits at 3, 6, and 12 months per standard protocol of the
study site.

The primary outcomes of this study were target lesion
primary patency, postimplantation reintervention rate,
and incidence of juxtasubclavian stenosis (JSS) during
the 1-year study period. Study patients continued to be
observed during a 5-year period to determine secondary
access patency.
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ARTICLE HIGHLIGHTS

- Type of Research: Prospective cohort study with his-
toric controls

- Take Home Message: In 50 dialysis patients with
cephalic arch stenosis treated with Viabahn stent
grafts, significantly higher primary patency rates
were observed at 12 months than in historic controls
treated with angioplasty or bare-metal stents. Rein-
tervention rate was lower in the Viabahn group,
but secondary patency rates were not different
from the bare-metal stent group.
Recommendation: These data support use of
Viabahn stent grafts for treatment of cephalic arch
stenosis in dialysis patients.

Procedural technique. All patients were assessed by
physical examination and Doppler ultrasound (Terason
T3000, 5 MHz probe; Teratech Corp, Burlington, Mass)
on referral for inability to deliver adequate dialysis. Based
on the findings of the physical examination and ultra-
sound study, patients could be referred for venography.

A complete fistulogram was obtained under local anes-
thesia, with the arm in the supine position lying parallel
to the body. The arm position allowed the natural tortu-
osity of the cephalic arch anatomy to be appreciated, as
evident in Fig 1, A Direct access was gained by a 4F
micropuncture (Cook Medical, Bloomington, Ind). An 8F
sheath was inserted initially in preparation for the place-
ment of the SC. The access circuit from the arterial anas-
tomosis to the central circulatory system was visualized
by a hand injection of >50 mL of iopamidol (Isovue;
Bracco Diagnostics, Cranbury, NJ) contrast dye (300 parts
per million) at a 50/50 dilution. The arterial anastomosis
was visualized by occluding the arteriovenous access
and force refluxing contrast dye.

All clinically significant stenoses (flow-limiting stenosis
>50% stenosed) were treated with balloon angioplasty
before deployment of the SG at the cephalic arch. A
0.35-inch Bentson wire with a 4F Berenstein catheter
(AngioDynamics, Queensbury, NY) was used to cross all
lesions and extended centrally. The Blue Max angioplasty
balloon (Boston Scientific, Marlborough, Mass) was used
as the standard angioplasty treatment. In 8% of patients,
a visual waist persisted with use of the standard treat-
ment balloons, but full dilation of the lesion was
achieved by an ultrahigh-pressure Conquest angioplasty
balloon (Bard Peripheral Vascular, Tempe, Ariz).

Before dilation of the cephalic arch, the fistula was dep-
ressurized using manual compression of the inflow to
minimize potential extravasation after angioplasty. Dilation
of the lesion was performed before device deployment,
typically with an 8- x 80-mm high-pressure angioplasty
balloon. Elimination of all balloon visual waist was required
for the patient to be eligible for placement of the SC.
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Fig 1. Angiographic images of the cephalic arch with the
arm in the supine position. A, Representative image of a
dilated brachiocephalic fistula as it tapers down and
becomes tortuous as it crosses the deltopectoral groove,
stenotic at the cephalic arch. B, Representative image of
placement of the Viabahn device (highlighted in red) in
the cephalic vein, at the cephalic arch, and crossing the
ostium into the subclavian vein.

Implantation of the SG involved landing the medial
edge at least 1 cm into the subclavian vein as shown in
Fig 1, B. Extension into the subclavian vein was intended
to help prevent misplacement of the device during
deployment due to string tension causing tip retraction.
SG diameter was chosen to allow adequate flow-carrying
capacity and to limit obstruction of venous return.

Application of the angioplasty balloon in historic cohorts
followed similar procedural protocols. PTA and BMS
cohorts underwent standard and ultrahigh-pressure
balloon angioplasty, as needed. BMSs were deployed
with the medial edge extending into the axillary vein by
an estimated 1 to 2 mm in most cases (Protege EverFlex
Self-Expanding Stents; Medtronic, Minneapolis, Minn).

Patient follow-up. All study patients returned at 3, 6,
and 12 months per the standard protocol of the center.
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The follow-up consisted of a physical examination and
ultrasound study to evaluate function of the fistula.
Ultrasound measurements assessed both diameter and
flow characteristics. Patients were referred for venog-
raphy if the physical examination detected abnormal-
ities, such as high intra-access pressure, pulsatile flow,
outflow dysfunction, and distal ischemia. If angiography
was warranted, a 12- or 14-mm-diameter balloon was
inflated in the subclavian vein, testing for JSS by contrast
dye reflux into the axillary vein for all cohorts per stan-
dard protocol of the center for patients previously
treated for CAS.

Outcomes assessment. Technical success was defined
as complete dilation of the lesion with <50% residual ste-
nosis. Clinical success was defined as resolution of symp-
toms of a dysfunctional native fistula. Outcomes were
assessed by patency rates and rate of reintervention.

Primary and secondary patency rates were defined in
accordance with the Society of Interventional Radiolo-
gy's reporting standards for percutaneous interventions
in dialysis access."” Target lesion primary patency was
the time interval from the initial procedure to the next
intervention performed. Secondary access patency was
the time interval from the initial procedure to abandon-
ment of the access circuit. The reintervention rate was
calculated for each patient during the first year of
follow-up and defined as the number of treatments
necessary to maintain a patent cephalic arch as a func-
tion of access-year. JSS was defined as a stricture of
>50% of the axillary vein within 3 cm downstream of
the cephalic-axillary vein ostium.

Statistical analysis. Patency and incidence of JSS were
determined by Kaplan-Meier survival probability esti-
mates, and the log-rank test was used for comparison of
the survival curves during the defined follow-up period.
Intervention rate was calculated as the frequency of
interventions for the duration of access patency during
the 1-year follow-up period. Statistical significance
between the three cohorts was determined by Kruskal-
Wallis H test. The y* tests were used to assess differ-
ences between demographic proportions. A pairwise
Mann-Whitney U test was used in a post hoc analysis to
compare the SG cohort with the PTA and BMS cohorts,
individually. Statistical significance was set at P = .05.
Patency, JSS, and intervention rates are reported with
95% confidence intervals.

RESULTS

Patient demographics. No statistical difference was
detected for age, race, gender, body mass index, dia-
betes, hypertension, or congestive heart failure between
cohorts as shown in the Table.

Procedural outcomes. Both technical and clinical suc-
cess for implantation of the SG was 100%, with no device
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Table. Demographics
Cohorts SG (n = 50) BMS (n = 50) PTA (n = 50) P
Age, years 60 (30-89) 57 (38-84) 65 (33-87) 594
Male sex 50 56 48 .707
BMI 27.5 (21-59) 27.0 (22-40) 29.0 (22-44) 184
Race 159

African American 52 50 46

White 44 46 38

Asian 4 4 16
Diabetic 54 54 38 181
Hypertensive 74 76 82 .61
Congestive heart failure 22 18 6 .069

BMI, Body mass index; BMS, PTA followed by bare-metal stent deployment cohort; PTA, percutaneous transluminal angioplasty cohort; SG, stent graft

cohort.

Categorical variables are presented as %. Continuous variables are presented as median (range).

Fig 2. Kaplan-Meier survival estimate of primary patency
rates with 95% confidence intervals. The stent graft (SG)
cohort demonstrated statistically greater survival proba-
bility during the 1-year study period based on log-rank
statistical analysis compared with the other cohorts (P <
.001). BMS, Bare-metal stent; CAS, cephalic arch stenosis;
PTA, percutaneous transluminal angioplasty.

migration. Each procedure required a single SG. The
most common device size used was 8 x 100 mm
(43/50). The other device sizes were 10 x 100 mm (6/50)
and 10 x 50 mm (1/50). The BMS cohort included
8 x 100-mm devices (50/50). Placement of the SG
across the cephalic-axillary vein ostium and into the
subclavian vein did not result in any swollen limbs due to
obstructed venous return.

Primary outcome: target lesion primary patency. The
3-, 6-, and 12-month target lesion primary patency rates
were calculated for all groups. The median follow-up was
1007 days, 495 days, and 345 days for the SG, BMS, and
PTA cohorts, respectively. The SG cohort target lesion
primary patency was 90% (80%-97%), 74% (59%-84%),
and 60% (45%-72%), respectively (Fig 2). Similarly, the
historic PTA cohort reported target lesion primary
patency rates of 61% (44%-72%), 27% (9%-30%), and 11%

(39%-24%), respectively, and the historic BMS cohort
reported target lesion patency rates of 68% (53%-79%),
29% (17%-42%), and 4% (19%-13%), respectively. The target
lesion primary patency for the SG cohort was statistically
superior to both historic cohorts during the entire
12-month period (P < .001).

Reinterventions. The SG cohort demonstrated a statis-
tically significant reduction in reinterventions compared
with either historic cohort within the first year of follow-
up as shown in Fig 3 (P < .001). The SG cohort required
only 1.0 (0.5-1.5) reintervention per access-year as
opposed to the reported 2.5 (1.8-3.2) reinterventions per
access year for PTA and 2.7 (2.0-3.4) reinterventions per
access-year for BMS. Less than half of the patients in the
SG cohort (23/50) required reintervention to maintain
access patency as opposed to the majority of the PTA
(43/50) and BMS (47/50) patients in the first year.

Secondary access patency. The SG cohort demon-
strated consistently greater secondary access patency
during a 2.5-year period compared with the historic
PTA cohort but similar patency to the historic BMS
cohort, as shown in Fig 4. The SG cohort was observed for
up to 5 years, and 1-, 2.5-, and 5-year secondary access
patency rates were reported as 98% (86%-99%), 96%
(8196-99%), and 80% (59%-90%), respectively. Secondary
access patency rates for the historic cohorts were
calculated during a 2.5-year period. Data out to 5 years
were not available because of censored events before
that time primarily due to loss to follow-up. The PTA
cohort reported 1- and 2.5-year secondary access patency
of 86% (68%-94%) and 81% (60%-91%), respectively, and
the BMS cohort reported a 1- and 2.5-year secondary
access patency of 98% (86%-99%) and 98% (86%-99%).
The SG cohort demonstrated secondary access patency
superior to that of the PTA cohort during the 2.5-year
period (P = .034). No statistical difference was detected
compared with the BMS cohort.
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Comparison of Intervention Rates
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Fig 3. Intervention rates reported for the three treatment
modalities for the first year of follow-up. The stent graft
(SG) cohort showed a statistically significant lower inter-
vention rate than the other two cohorts. BMS, Bare-metal
stent; PTA, percutaneous transluminal angioplasty.

Fig 4. Kaplan-Meier survival estimate of secondary access
patency for each treatment group with 95% confidence
intervals. The percutaneous transluminal angioplasty (PTA)
cohort demonstrated statistically lower survival probability
at 25 years based on log-rank statistical analysis
compared with the stent graft (SG) cohort (P = .034). BMS,
Bare-metal stent; CAS, cephalic arch stenosis.

Incidence of failure. The reported incidence of JSS at 12
months for the SG cohort was 6% (5%-7%) of patients,
whereas the historic BMS and PTA cohorts reported
55% (39%-68%) and 11% (10%-12%), respectively. The SG
cohort demonstrated a lower incidence of JSS
compared with the BMS cohort (P < .001). No statistical
difference was detected compared with the PTA cohort.
These results suggest that JSS as a failure mode, shown
in Fig 5, was unique to BMS treatment.

During the first year of follow-up, placement of Viabahn
SGs with the medial portion1to 2 cm into the subclavian
vein did not appear to result in any adverse events,
such as arm swelling, venous hypertension, subclavian
vein thrombosis, or pulmonary embolus. During the
5-year follow-up period, secondary access patency was
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Fig 5. Representative image of juxtasubclavian stenosis
(ISS) associated with the placement of a bare-metal stent
(BMS) in the cephalic arch and a “tented” axillary vein.

significantly improved compared with the PTA cohort,
as shown in Fig 4. Of the six SG patients who lost second-
ary access patency, one patient received a new trans-
posed basilic vein fistula in the same arm with no
outflow complications. Two patients continued to use
the failing cephalic vein for dialysis at low pump speeds
as a bridge to a new fistula in the contralateral limb,
thus avoiding catheter placement. Another two patients
elected to receive forearm fistulas in the contralateral
arm instead of a basilic vein fistula. One patient had
chronic low blood pressure and became catheter depen-
dent. None of the six patients exhibited compromised
outflow through the axillary vein due to JSS. Whether
the remaining patients with patent cephalic vein fistulas
would be candidates for a new access in the same arm is
unknown.

DISCUSSION

This study demonstrated that treatment of CAS with an
SG provides a high target lesion primary patency and low
rates of reintervention. Comparisons with historic BMS or
PTA cohorts suggest a statistically significant improve-
ment in outcomes for the SG cohort. In addition, the
long-term outcomes of the SC cohort demonstrated sus-
tained secondary access patency >80% during a 5-year
period. Secondary access patency comparison at 2.5
years also suggested that the SG cohort is superior to
the PTA cohort, whereas no difference was observed
compared with the BMS cohort.

SGs demonstrate superior clinical benefit, presumably
by providing both a scaffold to prevent elastic recoil
and graft material to prevent tissue ingrowth through
interstices of the stent.”'“'®'7 Unique properties of the
selected device, including device conformability, long
length, and implantation technique, appear to be addi-
tional critical factors to the outcomes of this study.
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The cephalic arch has been generically defined as the
perpendicular vein segment that connects the superfi-
cial peripheral veins with the deep central veins.? More
specifically, the cephalic arch could be defined as the
vein segment starting at the transition from a free-
floating, superficial position to a deep subcutaneous
position, terminating at the junction with the axillary
vein. The point of transition, from a superficial free-
floating position to a tethered, deep location, occurs
before the curve, primarily at the lateral portion of the
deltopectoral triangle.?°?' The natural constriction of
the cephalic arch at the transition zone limits diametric
expansion of the vein, which results in hypertrophic tis-
sue remodeling inward and amplification of the wall
shear stress, presumably associated with the develop-
ment of flow-restrictive lesions.”* %>

Tortuosity and dense surrounding tissue create chal-
lenges for PTA. BMS is also challenged in this location
as it is postulated but yet to be clinically demonstrated
that inward remodeling results in tissue ingrowth
through the interstices of the stent structure, with result-
ing in-stent stenosis.'”" The tethering to dense subcu-
taneous tissue is a key consideration in both failure and
treatment of CAS, as it limits dilation of the vein.

BMS placement demonstrated a strong correlation to
JSS compared with the other two treatment cohorts.
This stenosis is potentially a result of the BMS's altering
the anatomy of the cephalic arch by straightening the
natural curvature. Straightening of the cephalic arch
results in a subsequent ‘tenting” effect at the cephalic-
axillary vein junction, as observed in Fig 5. This abnormal
vascular morphology and anatomy, combined with the
trauma from the high fistula flow rates, potentially
explains the high incidence of JSS.

The BMS cohort reported a secondary access patency
similar to that of the SC group but tended to require
more frequent interventions. Nearly all of the BMS
patients required at least one additional intervention
procedure within the first year after implantation, lead-
ing to a significantly greater intervention rate compared
with the SG cohort as described in Fig 3. These data sug-
gest that use of a BMS to treat CAS may provide
adequate secondary access patency but will require
frequent procedures to achieve this clinical benefit. By
contrast, the use of an SG provided long-term clinical
benefit with fewer required reinterventions.

Although other SGs are available, the Viabahn SG was
specifically selected for its unique mechanical properties
that enable it to conform to tortuous vessels and for its
availability in 10-cm lengths. The SG conformed well to
the vessel and maintained the natural anatomy months
after implantation, as shown in Fig 1, B. Shemesh et al
described device flexibility as well as device covering as
being critical to successful treatment of CAS. They
reported a 12-month “primary stent patency” of 75% for
the conformable SG compared with 32% for a less
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conformable SG.°©'® The conformability and covering
offered by the Viabahn SG seem to provide important
clinical benefits in treating the highly tortuous anatomy
of the cephalic arch.

In addition to device design, implantation technique
was also an important consideration to maximize the
duration of patency in treating CAS. The technique
used in this study was to extend the device past the del-
topectoral groove laterally and 1 to 2 cm past the
cephalic-axillary vein ostium medially. In doing so, long
segments of diseased vein known to have high-
frequency restenosis were covered by the SG to avoid
treatment failure.?® As a secondary benefit, extending 1
to 2 cm past the cephalic-axillary vein ostium allowed
alignment of flow vectors with the subclavian vein. As
shown in Fig 1, B, angiography demonstrates how align-
ment of flow vectors mitigates turbulent flow as high-
lighted by the absence of recirculation typically
observed within the axillary vein.

Whereas this technique may enhance primary patency,
operators need to be actively concerned with the risk of
axillary vein stenosis and occlusion. SG diameter should
be chosen to avoid impedance of flow in the axillary
vein. The most common device chosen was 8 mm in
diameter (86%) with the goal of mitigating risk of steno-
sis and occlusion. This study suggests that the technique
is safe out to 1 year, but it was not designed to assess
long-term adverse events frequently seen with BMSs,
such as chronic occlusion limiting ipsilateral access crea-
tion, arm swelling, and potentially pulmonary embolism.

Limitations. This prospective study for treatment of
CAS with SG was limited by the lack of randomization
to comparator groups. In addition, we tested for target
lesion primary patency and reintervention rates, which
does not necessarily translate into a decrease in total cir-
cuit interventions. Finally, the risk of primarily placing an
SG 1 cm into the subclavian vein is uncertain as too few
patients required revisions or new accesses for this tech-
nique to be adequately evaluated in the long term.

CONCLUSIONS

In treatment of CAS, Viabahn SGs demonstrated supe-
rior target lesion primary patency and required fewer
subsequent interventions compared with alternative
percutaneous treatments. Based on these findings, the
Viabahn SG should be considered a primary treatment
option to limit the burden on the patient to undergo
frequent procedures for CAS. Future studies to evaluate
the appropriate treatment algorithm for patients with
CAS should challenge Viabahn SG as the primary percu-
taneous modality against surgical alternatives with com-
parisons to total circuit intervention rates, long-term
access survival, and potential risk of limiting future
options due to JSS.
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