www.bcdecker.com/vascular

ORIGINAL ARTICLE

Vascular, Vol. 14, No. 3, pp. 123-129, 2006. Printed in USA
The International Society for Vascular Surgery

The International Society of Vascular Specialists

The International Society for Cardiovascular Surgery

© BC Decker Inc. All rights reserved.

ISSN: 1708-5381

Stent-Graft Treatment of Pseudoaneurysms
and Arteriovenous Fistulae in the
Carotid Artery

Claudio Schénholz, MD*; Zvonimir Krajcer, MD'; Juan Carlos Parodi, MD*;
Esteban Mendaro, MD; Christopher Hannegan, MD"; Horacio D’Agostino, MD';
Bayne Selby, MD"; Marcelo Guimaraes, MD"; Renan Uflacker, MD*

“Heart and Vascular Center, Medical University of South Carolina, Charleston, SC

1St. Luke’s Episcopal Hospital and Texas Heart Institute, University of Texas Health Science Center, Houston, TX

*Department of Vascular Surgery, Washington University School of Medicine, St. Louis, MO

SDepartment of Interventional Radiology, Navy Hospital, Buenos Aires, Argentina

"Department of Radiology, Louisiana State University, Shreveport, LA

The purpose of this study was to assess the safety and efficacy of stent-graft placement in the
management of arteriovenous fistulae (AVF) and pseudoaneurysms (PAs) involving the carotid artery (CA).

Twenty-two patients (16 men, 6 women) with a CA AVF (n = 5) or PA (n = 17) owing to a gunshot or stab
wound, carotid endarterectomy, blunt trauma, a tumor, spontaneous dissection, or a central venous
catheter were treated with percutaneous placement of stent grafts. The patients presented with tumor,
bruit, headache, mouth and tracheostomy bleeding, transitory hemiparesis, seizure, or stroke. Diagnoses
were made by using computed tomographic angiography (CTA) and digital subtraction angiography.
Fourteen lesions were in the common CA; eight were in the internal CA. Homemade devices and stent
grafts from a variety of manufacturers were employed. Follow-up evaluations included clinical, CTA, and
Doppler ultrasound assessments.

All patients had resolution of the PA or AVF. In one patient with a large petrous PA, acute occlusion of the
CA developed after placement of three balloon-expandable stent grafts, but there were no neurologic
complications because the circle of Willis was functional. During follow-up ranging from 2 months to
13 years, asymptomatic 90% stenosis owing to stent compression was observed on Doppler ultrasound
and angiographic examinations in a patient with an autologous vein—covered stent graft in the internal CA.
Three other patients died of causes unrelated to stent-graft placement. In all other patients, the stent graft
remained patent.

Our results indicate that stent grafting is an acceptable alternative to surgery in the treatment of AVF and
PAs in the CA.
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Pseudoaneurysms (PAs) and arteriovenous fistulae
(AVF) that develop in the carotid artery (CA) after a
blunt or penetrating neck injury, carotid endarterectomy,

or a neck tumor are uncommon but can result in serious
neurologic deficits. Conventional surgical treatment of
these lesions is associated with high mortality and
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Table 1. Characteristics of Carotid Artery Injuries Treated
with Stent Grafting

Characteristic No. of Patients

Injury location
Common carotid artery 14
Internal carotid artery 8

Cause of injury
Gunshot wound
Carotid endarterectomy
Blunt trauma
Neck tumor
Spontaneous carotid dissection
Stab wound
Central venous catheter access

Type of lesion
Pseudoaneurysm 17
Arteriovenous fistula 5

Clinical presentation
Neck mass
Bruit
Headache
Mouth and tracheostomy bleeding
Transitory hemiparesis
Seizure
Stroke
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morbidity rates related to blood loss, cranial nerve injury,
and stroke. Thus, a great deal of interest in using
endovascular techniques to treat CA PAs and AVF has
emerged. These techniques include permanent balloon
occlusion of the CA, combined stent and endovascular
coil placement, and stent grafting with preservation of
flow of the parent vessel.

The first clinical use of stent grafting, described by
Parodi and colleagues in 1991, was for treatment of
abdominal aortic aneurysms.' Stent grafting has since
been employed in several other applications, including
treatment of PAs and AVF in various sites. Use of
many types of stent grafts, from homemade to com-
mercially available devices, has been described in
numerous case reports and reports on small series of
patients.> ' In 1992, we began to employ homemade
covered stents and then stent grafts from several manu-
facturers to treat PAs and AVF in the CA. We describe
our results with this treatment in a multicenter series
in which the maximum follow-up time was 13 years.

Methods

Between July 1992 and September 2005, 22 patients
(16 men, 6 women) with an AVF or PA in the CA were
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treated with percutaneous placement of stent grafts. All
cases done in the United States employed devices
approved by the US Food and Drug Administration
for other than CA applications. They were used off-
label in the CA with approval from our local institu-
tional review boards and the patients’ consent. The
location, cause, type, and presentation of the vascular
lesions treated are shown in Table 1. Diagnoses were
made by using computed tomographic angiography
(CTA) and digital substraction angiography (DSA).
Access to the artery was obtained by means of a per-
cutaneous femoral approach in 21 patients and surgical
cut-down of the common CA in 1 patient.

The stent grafts used, their manufacturers, and the
number of patients in whom each device was implanted
are shown in Table 2. Five different prostheses were
employed. The Wallgraft device is a self-expandable
stent covered with polyester fabric that is available in 6
to 14 mm diameters and 20, 30, 50, and 70 mm lengths.
The delivery catheter has a working length of 90 cm
and a profile ranging from 9F to 12F. The Viabahn
endoprosthesis is a self-expandable nitinol stent with a
thin inner lining made of expanded polytetrafluoro-
ethylene (ePTFE). It is available in lengths ranging
from 25 to 150 mm and diameters of 5 to 130 mm and
has a profile of 8F to 12F. The Viabahn delivery cath-
eter is 110 cm long, which allows CA lesions to be easily
treated through a percutaneous femoral approach. The
Corvita endoluminal graft, a self-expandable stent cov-
ered with a biocompatible elastomeric polycarbonate
urethane, was used outside the United States only and
is now not available anywhere. The JOSTENT coronary
stent-graft, which was used in this series to treat a PA in
the internal CA and a post-traumatic cavernous carotid
fistula, is an ePTFE-covered, balloon-expandable device
that is supplied already mounted over monorail coronary

Table 2. Stent Grafts Used to Treat Carotid Artery
Pseudoaneurysms and Arteriovenous Fistulae

No. of

Stent Graft (Manufacturer) Patients

Wallgraft Endoprosthesis (Boston Scientific, Natick, MA) 6

Gore Viabahn Endoprosthesis (W.L. Gore & Associates, 6
Flagstaff, AZ)

Corvita Endoluminal Graft (Corvita, Miami, FL) 5

Jostent Graftmaster Coronary Stent Graft (Abbott 3
Vascular Devices, Redwood City, CA)

Palmaz Stent (Johnson & Johnson Interventional 2

Systems, Warren, NJ)*

*The Palmaz stents were covered with an autologous vein before
implantation.



angioplasty balloon catheters. The stent is available in
diameters of 2.75 to 5 mm and can be delivered through
a 6F guiding catheter. The Jostent peripheral stent graft,
which was used in this series to treat a PA in the
common CA, is still not available in United States.
The stent is composed of a sandwich construction of
two bare peripheral Jostent slotted stents with a thin layer
of ePTFE wrapped between them.

In two patients, one with acquired immune defi-
ciency syndrome (AIDS) and a giant PA that developed
in the common CA after a gunshot wound and the other
with a post-traumatic PA in the internal CA, Palmaz
stents covered with autologous vein were implanted.
The vein was harvested from the arm and attached to
the stent with four 6-0 polypropylene “U” stitches
placed two at each end of the graft at 180° to each
another. To obtain secure fixation, the stent-vein device
was mounted on an angioplasty balloon catheter with
a diameter that exceeded the diameter of the artery
by 10 to 15%. The entire device (balloon and stent
vein) was compressed into an 11F, 100 cm—long intro-
ducer sheath. A homemade tapered tip was used to
avoid arterial damage during introduction and progres-
sion into the vessel. One case was performed through
a surgical cut-down to the common CA; the other used
a percutaneous common femoral artery approach. This
technique is no longer necessary because better stent
grafts are commercially available and is presented for
historical interest only.

Stent-graft size selection was based on angiography
in 20 cases and on angiography and intravascular
ultrasonography in 2 cases, with 15 to 20% oversizing
used to ensure effective anchoring and sealing. In six
patients in whom the stent graft extended from the
internal to the common CA, selective embolization
with coils (five patients) or a detachable balloon (one
patient) was performed before the prosthesis was
implanted. In these patients, the size of the stent graft
was selected according to the size of the common CA.

Follow-up in the series included clinical, CTA,
Doppler ultrasound, and angiographic evaluations.

Results

Resolution of the PA or AVF was achieved in all pa-
tients. In one patient with a large petrous PA, acute
occlusion of the CA developed after placement of three
Jostent stent grafts. However, because the circle of Willis
was functional, the patient had no neurologic complica-
tions. In another patient with a large distal common
carotid PA, fever developed after stent-graft exclusion of
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the lesion. The PA was drained percutaneously under
computed tomography guidance, and the fluid was sent
to the laboratory for cultures, which were negative. Anti-
biotics and anti-inflammatory medication were admin-
istered, and the fever resolved.

One patient with a history of radical neck surgery for
squamous cell carcinoma of the larynx who presented
with active bleeding through the mouth and trache-
ostomy owing to a PA rupture was treated with a
Wallgraft device. A type 4 endoleak associated with
high graft porosity occurred, and a second Wallgraft
prosthesis was deployed, overlapping the first device.
Despite remodeling of the stent graft with an angio-
plasty balloon and reversal of heparin with protamine,
the hemorrhage through the mouth and tracheostomy
did not stop. Direct ultrasound-guided puncture of the
PA was then performed by using an 18-gauge needle,
and 5,000 units of bovine thrombin procoagulant
(Duett, Vascular Solutions Inc, Minneapolis, MN)
was injected, obtaining complete occlusion of the PA.
The final angiogram showed no filling of the PA,
normal blood flow through the stent graft, and normal
intracranial patency of the internal CA and its branches.

The follow-up time in the series ranged from 2 months
to 13 years. In one patient with an autologous vein—
covered, balloon-expandable stent in the internal CA,
Doppler ultrasonography and angiography showed
asymptomatic 90% stenosis owing to stent compres-
sion 13 months after implantation of the device. Re-
intervention was offered, but the patient refused further
treatment. Three patients died during follow-up of
causes unrelated to stent-graft placement (cancer, two
patients; brain surgery, one patient). The other 17 pa-
tients remained asymptomatic, with patent stent grafts
and no neurologic deficits. Angiograms from represen-
tative cases in which Viabahn, Jostent, and Wallgraft
devices were used are shown in Figures 1 to 6.

Discussion

Injuries to the CA, which are relatively rare but can
have serious neurologic sequelae, may be diagnosed
initially by using Doppler ultrasonography, CTA,'?* or
magnetic resonance angiography.'® The diagnosis is
usually confirmed by DSA.'* Surgical treatment of
CA injuries has high morbidity and mortality rates.
For example, elective CA resection for advanced squa-
mous cell carcinoma of the neck has a 29% mortality
rate, and 40% of survivors have a major neurologic
deficit.'""'> Chronic AVF in the CA are associated with
enlarged, friable veins under high pressure. Inadvertent
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one) before deployment of the stent graft, and none of
them subsequently had persistent flow through col-
laterals. The rationale for occlusion of the external CA
in such cases is based on the practice of embolizing the
internal iliac arteries to prevent type 2 endoleaks when
treating abdominal aortic aneurysms extending to the
common iliac arteries.****

Although stent grafting in patients with CA injury
may raise concerns about infection, only one patient
in our series had onset of fever after stent-graft exclu-
sion of the lesion. The PA in that patient was drained
percutaneously under CT guidance, and the patient re-
covered uneventfully. Moreover, Baril and colleagues
reported successful treatment with a Viabahn endo-
prosthesis of an infected PA that developed after ca-
rotid endarterectomy.?’

None of the devices employed in this series were
designed to be used in carotid lesions. Future designs
for covered stents intended for carotid applications
should include a lower profile, a nonporous material,
more device flexibility, and tapered configurations ap-
propriate for the difference in size between the internal
and the common CA.

In conclusion, in a series of 22 patients treated during
a 13-year period, we found that stent grafting was safe
and effective in resolving PAs and AVF in the CA. This
technique may well be offered as an alternative to sur-
gical procedures.
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