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ABSTRACT

Clinically significant dialysis access steal syndrome occurs in 1% to 8% of patients. In the present report, we describe an
innovative, hybrid option for venoplasty of a cephalic vein aneurysm using a vascular staple device in conjunction with a
6-mm, endovascular balloon placed a few centimeters distal to the brachial artery anastomosis in a 61-year-old man with
stage 3 dialysis access steal syndrome secondary to overwhelming venous outflow. The patient experienced immediate
postoperative symptom relief. The arteriovenous fistula was immediately accessible for dialysis, circumventing the need
for a temporary dialysis catheter. The arteriovenous fistula was functional at 12 months of follow-up. (J Vasc Surg Cases

Innov Tech 2023;9:101169.)
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CASE REPORT

A 61-year-old man with a 19-month-old right brachiocephalic
arteriovenous fistula (BCAVF) presented with right hand pain
at rest and blue discoloration of the right fifth finger. The patient
had undergone successful hemodialyses using the BCAVF with
no operative or endovascular intervention required since its
initial placement. His end-stage renal disease was secondary
to type 2 diabetes mellitus.

On physical examination of the right upper extremity, he had
Doppler signals in the radial, ulnar, and palmer arch arteries.
He had delayed capillary refill of all fingers that was more pro-
nounced in the right fifth finger, which had blue discoloration
and was concerning for stage 3 dialysis access steal syndrome
(DASS:; Fig 1). The cephalic vein was aneurysmal in appearance.
An ultrasound of the BCAVF demonstrated normal arterial
inflow at 329 cm/s and a flow rate that varied between 2.5 L/
min and 6.4 L/min (median, 45 L/min) with an arteriovenous
anastomosis length of 9 mm and a proximal diameter of the ce-
phalic vein of 12 mm (Fig 2).!
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The digital brachial index of the right hand improved from 0.17
to 0.60 after the BCAVF was compressed (Fig 3). Given his symp-
toms, physical examination findings, and diagnostic results, ce-
phalic, diameter-reducing venoplasty was recommended. The
patient provided written informed consent for the procedure
and the report of his case details and imaging studies.

The intraoperative ultrasound findings demonstrated aneu-
rysmal dilation of the cephalic vein =25 mm. The cephalic vein
was exposed for ~7 cm in length through a 3-cm incision, start-
ing 2 cm from the brachial artery anastomosis. Under ultrasound
guidance, the cephalic vein was percutaneously accessed in the
upper arm, and a 4F sheath was placed over a Benston wire. A
6-mm x 40-mm Sterling balloon (Boston Scientific, Marlborough
MA) was positioned 2 cm distal to the brachial artery anastomosis.
The balloon was inflated to a nominal pressure. A 45-mm-lomg
vascular stapler was fired three times over the balloon to remove
the redundant cephalic vein wall, resulting in a treatment length
of ~5 cm (Fig 4). The residual diameter was measured by intrao-
perative ultrasound and found to be between 6 and 8 mm. The
staple line was oversewn in a single, running fashion with 5-0 Pro-
lene running suture (Ethicon, Raritan, NJ), and the incision was
closed in multiple layers. The estimated blood loss for the proced-
ure was 55 mL, and the total operative time was 120 minutes from
the initial skin incision until closure.

The patient was discharged the same day and underwent he-
modialysis via the revised BCAVF on postoperative day 1. He was
seen in the clinic at 14 and 41 days after his revision. The incision
had healed well, and all his symptoms had resolved, except for a
small area of numbness in the tip of the fifth finger. His right fin-
gers were all well perfused and pink, with normalized capillary
refill. Ultrasound of the revised vein portion demonstrated
4 cm of cephalic vein with a diameter between 6 and 8 mm,
which was widely patent (Fig 5). At 12 months of follow-up, the
patient was still undergoing successful dialysis with no interim
complications of the BCAVF.
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Fig 2. A, Duplex ultrasound of the aneurysmal fistula. The median flow in the fistula was 4.5 L/min. B, The
arteriovenous fistula (AVF) anastomosis was 9 mm long, and the vein diameter was 12 mm.

DISCUSSION

DASS can be a limb-threatening complication that
causes clinically significant symptoms, requiring reoper-
ation in 1% to 8% of patients undergoing dialysis access
surgery.”® However, the true incidence of clinically
significant DASS, requiring surgical intervention, might
be lower than that reported in a prospective cohort of
>600 hemodialysis patients.* DASS is more commonly
seen with brachial artery-based than radial artery-
based AV access. The main risk factors for the develop-
ment of DASS are AV access created from the brachial
artery, diabetes mellitus, female gender, coronary artery
disease, peripheral vascular disease, and a history of
DASS with prior AV access. The hemodynamics behind
the steal pathophysiology are rather complex and
involve (1) limited arterial inflow; (2) overwhelming
venous outflow; (3) an arterial supply distal to the arterial
anastomosis of the AV access (atherosclerotic disease of
the radial or ulnar arteries); and (4) high resistance in the
palmar arch and/or digital arteries (eg, Raynaud's phe-
nomenon, digital embolization, digital atherosclerotic

disease from diabetes mellitus).® The sighs and/or symp-
toms can vary from painless finger discoloration (stage 1)
to intermittent hand pain with exercise (stage 2) or rest
pain with (stage 4) or without tissue loss (stage 3).°
Depending on the underlying cause, several interven-
tional options are available, including treatment of
inflow lesions with angioplasty or stenting, AVF
banding, ligation, distal revascularization with interval
ligation, revision using distal inflow, proximalization of
arterial inflow, and minimally invasive limited ligation
endoluminal-assisted revision.>*”®  Fistula ligation,
although the more effective in redirecting the flow to
the ischemic hand, leaves patients without dialysis ac-
cess, making it the least attractive option for the man-
agement of DASS. However, it remains necessary for
patients with severe symptoms such as finger gangrene.
Fistula banding carries the risk of excessive or insuffi-
cient lumen reduction, resulting in an increased risk of
thrombosis and persistent steal, respectively.’
Although distal revascularization with interval ligation is
an attractive option that often leads to symptom
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Fig 3. Digital brachial index of the right hand before (A) fistula compression (0.17) and after (B) fistula
compression (0.60). BP, Blood pressure; RA, radial artery; UA, ulnar artery.

2 -

resolution, it requires ligation of the brachial artery and
an adequate venous conduit. It is a lengthier option
with a longer anesthetic time than a ligation or banding
procedure. Similarly, revision using distal inflow and
proximalization of arterial inflow are lengthier operations
than banding or ligation. Patients with end-stage renal
disease requiring dialysis are often medically complex,
and additional anesthetic can lead to major cardiopul-
monary events.
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Fig 4. A, Right arm brachiocephalic arteriovenous fistula (BCAVF) anastomosis accessed just proximal to the

elbow crease. Intrafistula endovascular access was performed with a 5F sheath and placement of a 6-mm
balloon into the fistula. B, Diameter-reduced BCAVF with a lateral staple line.

The use of a vascular stapler'®™ or an angioplasty

balloon'* has been described as separate adjunct device
to treat DASS, although never both in conjunction. Alter-
natively, dowels can be used (6-10 mm catheters) and
sewn over for aneurysm reduction; however, this tech-
nigue requires venotomy and extension of the incision
for vascular control.”” Minimally invasive control of the
aneurysmal fistula combined with stapled aneurysmor-
rhaphy eliminates the need for full exposure of the AVF
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Fig 5. Duplex ultrasound of right arm brachiocephalic
arteriovenous fistula (BCAVF) after diameter reduction.

and the risk of infection with the use of a prosthesis and
is expeditious.

In our patient, the entire length of the fistula had
become dilated but was widely patent. Use of a 6-mm an-
gioplasty balloon helped to avoid excessive or insufficient
lumen reduction of the cephalic vein, and the stapler pro-
vided a fast and safe method to remove the redundant
venous wall. The staple line was kept on the lateral aspect
of the vein to not interfere with future dialysis access.
Although the entire cephalic vein was aneurysmal for a
length of ~14 cm, from a fluid dynamic standpoint, only
a short segment of the vein required treatment to obtain
significant, hemodynamic flow reduction that would redi-
rect flow to the ischemic hand. Thus, only a small incision
was required, and the rest of the cephalic vein was imme-
diately accessible for dialysis, circumventing the need for
temporary dialysis catheter placement.

Although the described technique is promising, there
are limitations. Patients can experience complications
associated with use of the balloon device, including,
but not limited to, device access complications and
thromboembolic or fistula stenosis. Additionally, the
cost incurred with the use of both a stapler device and
reloads and a balloon is not nominal. However, the po-
tential reduction in operative time and durable results
could offset these costs.

CONCLUSIONS
A hybrid approach with an angioplasty balloon and a
vascular stapler was safe and effective in our patient
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with DASS secondary to overwhelming venous outflow.
It circumvented the need for a temporary dialysis cath-
eter and was associated with promising mid-term pri-
mary patency. However, more study is needed to assess
the efficacy and safety in a larger population.
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