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A New Covered Stent Designed for Intracranial
Vasculature: Application in the Management of
Pseudoaneurysms of the Cranial Internal
Carotid Artery

BACKGROUND AND PURPOSE: The management of intracranial pseudoaneurysms is controversial. The
purpose of this study was to provide a preliminary evaluation of the clinical efficacy of a Willis covered
stent specially designed for the intracranial vasculature in the management of a pseudoaneurysm of
the cranial internal carotid artery (CICA).

MATERIALS AND METHODS: Eight patients with pseudoaneurysms of the CICA were treated with use
of the Willis covered stent. The flexibility of the entire stent system was gauged from the resistance
met when reaching the target lesion and was categorized as no resistance, no apparent resistance, or
resistance that could be overcome. The apposition of the Willis stent after deployment was scored as
excellent with no endoleak, good with a small endoleak, or bad with an apparent endoleak. Follow-up
angiography was performed 3 to 12 months after placement of the stent, and angiographic assess-
ments were categorized as endoleak, stenosis of the covered segment of vessel, or occlusion of
parent arteries. Follow-up clinical evaluations were also performed, and outcomes were graded as full
recovery, improvement, unchanged, and aggravation.

RESULTS: Endovascular treatment was technically successful in all aneurysms without procedural-
related complications, and all of the stents were easily navigated to the targeted lesions in the CICA.
Complete resolution of the pseudoaneurysm was observed in 6 patients immediately after the
procedure, and a minimal endoleak into the aneurysm persisted in 2 patients. No morbidity or mortality
and no technical adverse event occurred. A follow-up angiogram confirmed complete reconstruction of
the internal carotid artery, with no recurrent aneurysmal filling and no occurrence of stenosis in the area
of the stent. By the final follow-up visit, 4 patients had fully recovered, 3 had improved, and 1 patient’s
condition was unchanged.

CONCLUSION: On the basis of our preliminary experience, the Willis covered stent specially designed
for the intracranial vasculature can manage a CICA pseudoaneurysm safely and effectively, but longer

seudoaneurysm (PA) of the cranial internal carotid artery

(CICA) C2-C7 segments (Bouthillier classification) is a
rare but serious complication after a blunt or penetrating trau-
matic injury, previous dissection of the vessel, inflammation,
or previous surgery."” From a historical perspective, these
pseudoaneurysms have been managed with anticoagulants,
surgical repair, coils, bare stent placement with or without coil
embolization, and a coronal covered stent. Traditional surgi-
cal repair of carotid pseudoaneurysms is often technically de-
manding and is associated with a high rate of morbidity and
mortality. Endovascular stent grafts have been used to treat
both posttraumatic and postoperative carotid pseudoaneu-
rysms. An endovascular approach to these pseudoaneurysms
limits the risk of operative damage to surrounding structures
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follow-up and expanded clinical trials are needed.

and the potential for substantial blood loss. The purpose of the
present study was to evaluate the clinical efficacy of a balloon-
expandable covered stent specially designed for the intracra-
nial vasculature, (Willis covered stent; MicroPort, Shanghai,
China), in the treatment of CICA pseudoaneurysms.

Materials and Methods

Patients

The Institutional Review Board at The Sixth Affiliated People’s Hos-
pital of Shanghai Jiao Tong University approved this pilot study, and
we obtained informed consent from all the patients before com-
mencement of the study. Only patients with pseudoaneurysms in-
volving the intracranial internal carotid artery (Bouthellier C2-C7
segment) were included in this study. Eight patients with pseudoan-
eurysm of the CICA were treated with Willis covered stents between
April 2005 and September 2006. All subjects were male in the age
range of 11 to 60 years (mean age, 37 * 16 years). Four cases were
secondary to motor vehicle crashes, and the remaining 4 cases oc-
curred after treatment of a carotid cavernous fistula (CCF) by endo-
vascular balloon embolization. The demographics and clinical pre-
sentation data of these patients are summarized in the following
Table. All 8 patients had at least 1 control angiogram performed at
least 3 months after treatment. The aneurysm involved the C3 seg-
ment of the internal carotid artery (ICA) in 1 patient, C4 in 3 patients,
C5in 1 patient, C6 in 2 patients, and C7 in 1 patient.
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Fig 1. The Willis covered stent. A, The covered stent is attached to the balloon catheter,
with the arrows demonstrating the 2 ends of the covered stent. The diameter of the entire
system is 3.8F (1.27 mm) when it is not expanded. B, The covered stent is expanded
completely against the wall of the model glass tube similar to the siphon segment of the
internal carotid artery (arrows).

The Willis Covered Stent

The Willis covered stent had been developed by both our institute and
the MicroPort Medical Company. It is specifically designed for use in
the intracranial vasculature and consists of 3 parts: a bare stent, an
expandable polytetrafluoroethylene (ePTFE) membrane, and a bal-
loon catheter. The bare stent was constructed from a strand of cobalt
chromium super alloy wire, which was 0.06 mm in diameter. The wire
was cut into a sinusoidal wave pattern with the use of a laser. To
enhance the flexibility of the stent, multiple stent bodies were con-
nected to the next at the 2 asymmetrical points between the crest
waves. The ePTFE membrane, which was in a tubular configuration
with a thickness of 30 to 50 wm, was glued along the length of the stent
struts with use of organic agglomerate. To facilitate the membrane
gluing along the stent, the diameter of tubular membrane is generally
0.05 mm, which is wider than that of the inflated stent. To prevent the
balloon from scaling the inner wall of the stent on withdrawal, the
balloon was made into 5 valvae, instead of the commonly used 3
valvae. The whole body of the stent was radiopaque under fluoros-
copy to facilitate precise placement of the stent. The stent can be
manufactured in any diameter from 3 to 5 mm and in any length from
7 to 15 mm. The stent was mounted on a deflated balloon catheter
with an outside diameter of 3.8F (1.27 mm) (Fig 1).

Endovascular Procedure

We positioned a 6F Envoy guiding catheter (Cordis, Miami Lakes,
Fla) in the diseased ipsilateral ICA. After getting a good tolerance to
the balloon occlusion test (BOT), we navigated a microguidewire 300
cm in length and 0.014 inch in diameter (Transcend Floppy; Boston
Scientific, Natick, Mass) into a distal branch of the middle cerebral
artery with the patients under general anesthesia. Using roadmap
guidance, we then advanced a delivery system with the Willis covered

stent over the microguidewire until the proximal and distal edges of
the stent bridged the orifice of the pseudoaneurysm. Multiple control
angiograms were obtained to confirm that the stent fully covered the
pseudoaneurysm orifice. Under fluoroscopic control, the Willis cov-
ered stent was then inflated with 5 atm of pressure. Angiography was
performed immediately after deflation of the balloon to confirm cor-
rect placement of the stent and satisfactory occlusion of the aneurysm.
If we observed an endoleak, we performed redilation of the proximal
edge of the covered stent by applying 5 to 6 atm of pressure. Redilation
of the stent was conducted with greater pressure than in the original
dilation to ensure maximum expansion of the stent, thereby improv-
ing its apposition and eliminating the endoleak. Angiography was
performed immediately after the procedure, and a head CT scan was
performed for evaluation of possible complications. The patients
were discharged from the hospital 1 week after the procedure, and
follow-up angiography was performed at least 3 months later.
Before the procedure, the patients took aspirin (100 mg/day) and
clopidogrel (75 mg/day) for 3 consecutive days, and if the procedure
was performed emergently, the patient took aspirin 300 mg and clo-
pidogrel 300 mg once right before the procedure. They received a
bolus of 5000 IU heparin at the start of the procedure, followed by a
continuous infusion of 2000 IU/h, with the aim of keeping the acti-
vated clotting time above 300 s. Heparin was given for 48 hours after
the procedure, and the patients were instructed to take aspirin (100
mg/day) and clopidogrel (75 mg/day) orally for 6 months to avoid
thrombosis and stenosis in the area of the covered stent segment.

Evaluation

We assessed the flexibility of both the Willis covered stent and the
delivery system of the stent by grading their ability to pass through
tortuous vessels (indicating flexibility). The system received flexibility
ratings of 1) no resistance with the covered stent reaching the targeted
area smoothly, 2) no apparent resistance with the covered stent reach-
ing the targeted area through adjusting the microguidewire, or 3)
resistance that could be overcome through adjusting both the mi-
croguidewire and the guiding catheter for the covered stent to reach
the targeted area. The apposition of the Willis covered stent to the
vascular wall after deployment was categorized as 1) excellent with no
endoleak, 2) good with small endoleak that caused delayed visualiza-
tion and delayed evacuation of the aneurysmal cavity, or 3) bad with
apparent endoleak that caused synchronized visualization of the an-
eurysmal cavity at immediate angiography after the deployment. En-
doleak, stenosis of the covered segment of vessel, and occlusion of
parent arteries were evaluated by follow-up angiography. Follow-up
clinical evaluations were also performed to examine outcome, which
was categorized as 1) recovery, 2) improvement, 3) invariable with no
changes in the symptoms and signs after placement of the covered
stent, 4) aggravation with preliminary symptoms, or 5) aggravation
with symptoms secondary to occlusion of branches in the area of the
CICA covered segment.

Results

Immediate Postprocedural Results

Endovascular treatment was technically successful in all aneu-
rysms without procedural-related complications. All of the
stents were easily navigated to the target lesion, with no appar-
ent resistance, to bridge the orifice of the pseudoaneurysm.
Complete resolution of the pseudoaneurysm with no en-
doleak (excellent) was achieved in 4 patients immediately after
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the procedure (Fig 2). In 4 patients, transient endoleaks into
the aneurysm sac were observed immediately after the deploy-
ment of the Willis covered stent. In 2 patients, the endoleaks
were easily avoided by reinflation of the balloon in the proxi-
mal ends of the stent (excellent). In the remaining 2 patients,
the endoleak into the aneurysm persisted despite balloon re-
inflation. In one of these patients (case 7), the endoleak was
reduced dramatically by application of a second Willis covered
stent to appose the proximal end of the first stent. The remain-
ing patient (case 5) exhibited a minimal endoleak at the orifice
of the ophthalmic artery and was left for follow-up.

Follow-Up Angiographic Results

Control angiography performed 3 to 12 months after the proce-
dure confirmed excellent results (complete occlusion) in 6 pa-
tients (Fig 3) as well as a good (small endoleak) resultin 2 patients.
All CICAs were reconstructed with no recurrent aneurysmal fill-
ing and no occurrence of a hemodynamically significant stenosis.
No morbidity or mortality occurred in any of the patients during
or after the treatment, including the follow-up period. No tech-
nical adverse event such as perforation of a vessel or thromboem-
bolism occurred. In one of the 2 patients with an initial endoleak
(case 7), follow-up cerebral angiography at 3 months after the
procedure revealed shrinkage of the residual cavity. In the re-
maining patient (case 5), follow-up cerebral angiography 2
months after stent placement showed slight enlargement of the
endoleak with retention of contrast medium at the orifice of the
ophthalmic artery, which suggested the presence of a residual
cavity. Follow-up cerebral angiography at 6 months demon-
strated shrinkage of the residual cavity with patency of the parent
vessel (Fig 4).

Follow-Up Clinical Results
Clinical follow-up data were obtained from all 8 patients at

5.50 = 2.98 months (range, 3—12 months) after stent place-
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Fig 2. Case 8, a 11-year-old boy with a pseudoaneurysm
secondary to a traumatic internal carotid artery. A B, Antero-
posterior and lateral cerebral angiograms show a narrow-
necked pseudoaneurysm on the right C7 segment (arrow),
with the stenosis of the parent artery. C, A plain film after
stent placement clearly shows the position of the covered
stent (arrow). D,E, Anteroposterior and lateral cerebral angio-
grams show complete resolution of the aneurysm immediately
after stent placement, with obliteration of the stenosis of the
parent artery.

ment. The patients’ symptoms resolved at variable times after
stent placement, which ranged from 2 weeks to 2 months. No
occurrence of ischemia was reported by any of the patients.
Clinical evaluations performed at the final follow-up visit
showed full recovery in 4 patients, improvement in 3 patients,
and no change in 1 patient. All patients were alive at the time of
this report.

Discussion

Conservative strategies for treating pseudoaneurysms in the
CICA have included anticoagulation therapy as well as surgical
and endovascular approaches. Anticoagulation alone is gener-
ally ineffective and may worsen the lesion.>* Surgical treat-
ments for pseudoaneurysms have entailed direct clipping,
wrapping, trapping, ligation of the carotid artery, and bypass
for those patients in whom BOT is not well tolerated.” Direct
surgical access to a poorly endothelialized pseudoaneurysm
carries a very high rate for morbidity, especially in the proxi-
mal intracranial segment of the ICA. Typically, these lesions
are composed of only fibrous tissue and do not contain normal
vessel wall elements. These aneurysms also lack a real neck.
Therefore, the dissection and preparation of the aneurysmal
sac for clipping involves an extremely high risk of periopera-
tive rupture.® This complication carries a poor prognosis, be-
cause it is difficult to gain proximal control without sacrificing
the parent vessel, which often leads to serious ischemic conse-
quences. Proper securing of these lesions in surgery might re-
quire special trimming of the base of the aneurysm and the use
of encircling clips. The surgeon must also be ready for recon-
structive or bypass surgery, and perioperative carotid angiog-
raphy and balloon occlusion must be available. All of these
procedures are technically demanding and require exceptional
skills and experience from the entire team. Loss of patency of
the parent vessel can be unintentional and can go unrecog-
nized during surgery, as a result of either incorporation of too



much vessel wall inside the clip blades or by use of an encir-
cling clip that is too tight.” Therefore, direct surgical repair of
the artery is usually not practical.

Endovascular treatment of a pseudoaneurysm in the CICA
may include either sacrifice or preservation of the carotid ar-
tery. If a BOT is well tolerated, then trapping or parent artery
occlusion is an option. Several studies have indicated that the
clinical outcome is better in patients who are treated by sacri-
fice of the carotid artery and that these patients have a lower
rate of complications.®® However, ischemic complications in-

Fig 3. Case 6, a 23-year-old man with a pseudoaneurysm secondary to post-balloon embolization of a CCF. A, Lateral
cerebral angiogram reveals a wide-necked pseudoaneurysm (black arrow) on the left C4 segment, with stenosis at the
proximal part of the parent artery (empty arrow). B, Plain film after stent placement clearly shows the covered stent bridging
the pseudoaneurysm and the stenosis (arrows). C, Lateral cerebral angiogram shows complete resolution of the aneurysm
immediately after the stent placement. O, Cerebral angiography 3 months after the procedure shows total obliteration of
the aneurysm with patency of the parent artery.

| Pars ol W y & -

Fig 4. Case b, a 35-year-old man with massive epistaxis. A,
Lateral cerebral angiogram shows a giant pseudoaneurysm
on the left C5 segment (arrow). B, The Willis covered stent
can be clearly seen in the plain film (arrows) after stent
placement. C, Cerebral angiogram immediately after stent
placement demonstrates a minimal endoleak into the pseu-
doaneurysm (arrow) in the orifice of the ophthalmic artery
(arrow). D, Follow-up cerebral angiogram 2 months after the
procedure demonstrates that retention of contrast medium at
the orifice of the ophthalmic artery is increased (arrow),
which suggests the existence of a residual cavity. £ Fol-
low-up cerebral angiogram 6 months after the procedure
demonstrates obvious shrinkage of the residual cavity (ar-
row) with patency of the parent artery.

cluding cerebral infarct after occlusion of the ICA occur in 5%
to 22% of patients, despite a normal BOT.'*'*> Some reports
have also demonstrated formation or growth of a cerebral an-
eurysm after permanent occlusion of the carotid artery.'** If
the patient cannot tolerate BOT, preserving the patency of the
carotid artery as much as possible is a more desirable goal.
Although coil embolization and stent-assist embolization
have been used for the preservation of carotid artery patency,
pseudoaneurysms are more likely to recanalize because of the
lack of a true wall.'*™"®
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In 1998, Van Nieuwenhove et al*° reported the first suc-

cessful treatment of an iatrogenic intracranial pseudoaneu-
rysm in the C4 segment with use of autologous vein-covered
stents. Saatci et al*' reported successful treatment of traumatic
aneurysms located at the C2-C7 segment in 17 patients with
the use of Jomed coronary covered stent grafts (Jomed Inter-
national, Helsingborg, Sweden). There have only been 25 re-
ported cases of intracranial pseudoaneurysms treated with
covered stents and only 4 kinds of covered stents (ie, autolo-
gous vein-covered stents, Symbiot covered stent, Jostent cov-
ered stent, and carotid Wallstent) mentioned in the literature
since 1990.>2°°%% The Jostent covered stent (Abbott Vascular,
Redwood City, Calif) is a composite balloon-expandable stent
with an ultrathin layer of ePTFE sandwiched between 2 stain-
less steel stents, and this device is manually compressed over a
conventional angioplasty balloon.>** The Symbiot covered
stent (Boston Scientific, Natick, Mass) is a small, nitinol self-
expandable stent that was originally designed for vascular use
in coronary saphenous vein grafts.>** Autologous vein-cov-
ered stents were first used for the treatment of native and sa-
phenous vein graft coronary perforation.*® The carotid Wall-
stent (Boston Scientific) is applied to extracranial carotid
diseases. Although the Jostent, Symbiot grafts, autologous
vein-covered stents, and carotid Wallstents have been used for
intracranial vascular application, they can only be used for
selected cases. A significant limitation to the use of these stents
intracranially is their large profile and inflexibility, which
makes it difficult for them to negotiate tortuous vascular seg-
ments at the skull base. Also, none of these covered stents have
been specifically designed for intracranial use. Therefore, the
clinical application of the currently available covered stents in
the treatment of intracranial aneurysm is greatly limited be-
cause of their lack of flexibility and relatively poor apposition.

A covered stent can be placed in the parent artery to bridge
the orifice of the aneurysm, which occludes blood flow into the
aneurysmal lumen. This procedure has the following advan-
tages: 1) the procedure is not performed within the aneurys-
mal sac, and the risk of procedural-related rupture of aneu-
rysms or rebleeding is minimal; 2) it is relatively simple and
fast; 3) the patency of the parent artery is maintained; and 4)
the mass effects associated with this procedure are less severe
than those associated with coil embolization. Nevertheless, de-
livery of stents to the tortuous CICA requires low-profile
stents that are flexible, highly elastic, and have the ability to
effectively adhere to the vascular wall.

The Willis stent covered with ePTEF on the abluminal side
and with an outer diameter of 3.8F is specifically designed for use
in the intracranial vasculature.® Tt is quite flexible and easy to
negotiate into the tortuous CICA. In our study, the Willis covered
stents were deployed successfully with no procedure-related
complications. Angiography showed good efficacy in the occlu-
sion of the pseudoaneurysms, with no evidence of stenosis of the
parent arteries either after the procedure or at early follow-up.
During clinical follow-up, all of the patients were symptomati-
cally improved with no signs of neurologic ischemia.

The present report described single-center experience with
the Willis covered stent in the treatment of pseudoaneurysms
of the CICA. Long-term durability of the Willis covered stents
in the prevention of stroke and the long-term patency of the
parent artery is not yet established. Nevertheless, the Willis
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covered stents might provide a viable solution for pseudoan-
eurysms of the CICA. They may also serve in the relevant treat-
ment of patients at high risk for stroke and those with postsur-
gical traumatic aneurysm. It is important to note that
poststenting stenosis, vasospasm of the cerebral arteries result-
ing from the balloon-expandable stent, and closure of side
branches stemming from the segment of the artery where the
stent graft is covered are still being observed. Therefore, a
longer follow-up and meta-analysis are needed to establish the
true efficacy of the Willis covered stent system in the manage-
ment of pseudoaneurysms of the CICA.

In conclusion, although additional clinical trials and ex-
panded follow-up studies are needed, our preliminary results
indicate that this new intracranial covered stent is safe and
effective in the management of a CICA pseudoaneurysm, and
the patency of the parent artery is preserved.
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