www.jkns.or.kr

http://dx.doi.org/10.3340/jkns.2012.51.6.370

Print ISSN 2005-3711 On-line ISSN 1598-7876

Copyright © 2012 The Korean Neurosurgical Society

J Korean Neurosurg Soc 51 : 370-373, 2012

Case Report

In-Stent Stenosis of Stent-Assisted Coil Embolization
of the Supraclinoid Internal Carotid Artery Aneurysm
Jae Il Lee, M.D.,1 Jun Kyeung Ko, M.D., Ph.D.,1 Byung Kwan Choi, M.D., Ph.D.,1 Chang Hwa Choi, M.D., Ph.D.2
Department of Neurosurgery,1 Medical Research Institute, Pusan National University School of Medicine, Pusan National University Hospital, Busan,
Korea
Department of Neurosurgery,2 Medical Research Institute, Pusan National University School of Medicine, Yangsan Hospital, Yangsan, Korea
The intracranial stent functions primarily to prevent protrusion of coils into the parent vessel during the embolization of wide-necked cerebral aneurysms and might also reduce aneurysm recanalization rate. In spite of these advantages, little is known about the long-term interaction of the stent
with the parent vessel wall. We present a rare case of severe in-stent stenosis occurring as a delayed complication of Neuroform stent-assisted coil
embolization of an unruptured intracranial aneurysm.
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INTRODUCTION
Stents play an important role in management of cerebral aneurysms. A stent reconstructs the parent artery, assists coil embolization, and decreases flow activity within an aneurysm. The Neuroform stent (Boston Scientific, Natick, MA, USA) is the first
microcatheter-delivered stent, designed specifically for the treatment of cerebral aneurysms5). Preliminary data suggest that the
stent confers a considerable durability advantage, with high rates
of both progressive thrombosis and stability observed at followup4). However, an in-stent stenosis may occur within the stented
artery and compromises circulation at the parent artery3,6). The
rate of angiographic or clinically significant in-stent stenosis after
Neuroform stent-assisted aneurysm treatment is currently not
characterized, but is thought to be very low11). Present case study
provides an example of in-stent stenosis occurring 9 months after
the placement of a Neuroform stent to support the coil embolization of an unruptured posterior communicating artery aneurysm.

CASE REPORT
A 60-year-old female who had no significant prior medical his-

tory was refer to our clinic for management of an incidental left
posterior communicating artery (PCOM) aneurysm that was
initially diagnosed on the basis of magnetic resonance imaging
findings. Digital subtraction angiography (DSA), performed under local anesthesia, confirmed a 4.3 mm sized aneurysm of the
left PCOM with 3.8 mm neck (Fig. 1). After a discussion about
management options-serial image follow-up, surgical clipping,
or endovascular coil embolization-and associated risks, the patient elected to proceed with coil embolization. Because of unfavorable dome to neck ratio, a stent-assisted coil embolization
was planned to cover the aneurysm neck and preserve the parent artery. The patient was pretreated for 5 days with 75 mg of
clopidogrel daily and 100 mg of acetylsalicylic acid daily.

Intervention
The patient was fully awake during the procedure, and electrocardiogram, arterial oxygen saturation, and blood pressure
were appropriately monitored. Baseline activated clotting times
(ACT) were obtained before the procedure. Percutaneous access was obtained via the right femoral artery, and a 6 Fr sheath
was inserted. Systemic heparinization and a bolus injection of
heparin (3000 IU) were administered before the therapeutic
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procedure; an additional 1000 IU bolus of heparin was administered every hour to maintain an ACT >250 seconds throughout
the procedure. A 6 Fr guiding catheter (Envoy, Cordis, FL, USA)
was navigated into the distal cervical internal carotid artery (ICA)
segment, and pre-procedural angiograms were obtained in orthogonal planes. After establishing the optimal working angles
for coil embolization, a 300-cm long, 0.014-inch Transcend 14
microwire (Boston Scientific, Natick, MA, USA) was navigated
into the third segment of the left middle cerebral artery (M3). A
4.5×20 mm Neuroform stent delivery system was then advanced
over the microwire and positioned across neck of the aneurysm
by using roadmap image and stent markers, and the position
was angiographically confirmed. A microcatheter (Echelon 10,
eV3, USA) was then navigated with a Transcend 14 microwire
through the guiding catheter into the aneurysm sac. After a stable microcatheter position within the aneurysm was attained,
the Neuroform stent was deployed at the neck portion of aneurysm. The stent was easily and accurately deployed over the microwire. Coil embolization through the jailed microcatheter was
then initiated. The aneurysm was completely occluded with em-

ployment of seven detachable coils. The final angiogram demonstrated complete occlusion of the aneurysm with final one
coil loop extrusion between stent strut and vessel wall, the stent
remained widely patent, and the stented segments of the ICA
appeared smooth and without evidence of dissection or spasm
(Fig. 2). The patient’s post-operative period was uneventful, and
she discharged on the third post-operative day. After the procedure, the patient was maintained on dual antiplatelet therapy
for 9 months.

Fig. 1. Left internal carotid artery angiogram depicting a broad-based aneurysm arising from the posterior wall of the left internal carotid artery.

Fig. 3. Left internal carotid artery angiogram obtained 9 months later
demonstrating diffuse stenosis throughout the stented segment of the
internal carotid artery, most severely within the mid-portion of the stent.

A

Follow-up
After 9 months, we routinely performed a follow-up DSA.
Although still experiencing persistent headache, she indicated
no new neurologic complaints, and her neurologic examination
was normal at that time. A DSA confirmed diffuse stenosis
throughout the stented segment of the ICA, most severely within the mid-portion of the stent. A stenosis rate was measured
approximately more than 90% (Fig. 3). Collateral circulation was
provided mainly by the right ICA through the anterior communicating artery.

B

Fig. 2. Unsubtracted image (A) depicting a Neuroform stent that was indicated by four radiopaque stent markers positioned across the neck of
the coiled aneurysm with final one coil loop extrusion between stent cell
and vessel wall. Subtracted image from a left internal carotid artery angiogram (B) demonstrating complete occlusion of the aneurysm. The
stent is widely patent and the stented segment of the parent vessel appears completely intact. Specifically, there is no evidence of dissection
or vasospasm.

Fig. 4. After angioplasty of the stenotic segment, there is a marked improvement in the caliber of the lumen with improved flow throughout
the internal carotid artery.

371

J Korean Neurosurg Soc 51 | June 2012

In view of the severity of the stenosis while on dual antiplatlet
therapy, angioplasty of the stenotic segment of the ICA was
performed. A 2.75×9 mm-sized Gateway balloon (Boston Scientific, Natick, MA, USA) was used to dilate the stenotic ICA
segment with slow inflations performed for about 10 seconds to
a maximum pressure of 6 atmospheres. Postangioplasty control
angiography demonstrated a marked improvement in the caliber of the lumen with improved distal flow throughout the ICA
(Fig. 4). The patient remained asymptomatic on dual antiplatelet therapy and is awating further follow-up.

DISCUSSION
The introduction of intracranial stents has significantly contributed to the treatment options for coil occlusion of widenecked or fusiform aneurysms. Stent-assisted coil embolization
helps to prevent protrusion of the coils into the parent vessel12).
As well as this mechanical effect, experimental studies have
demonstrated that stents have hemodynamic and biologic effects1,9,11,14). In theory, flow diversion can cause blood to become
stagnant and lead to progressive thrombosis and the promotion
of endothelialization that can help the aneurysmal neck close7).
Accordingly, these additional effects of stents may enhance the
durability of coiled aneurysms. At the same time, neointimal
proliferation occurring within the stented segment could conceivably result in a significant degree of parent vessel compromise3,6,8,15).
The Neuroform stent is the first stent designed specifically for
use in the cerebrovasculature to support aneurysm treatment
and has an open cell design, which gives it high navigability5,7).
Despite these advantages, there is limited knowledge about
long-term effects of the Neuroform stent on the cerebrovasculature. The rate of angiographic or clinically significant in-stent
stenosis after Neuroform stent-assisted aneurysm treatment is
currently not characterized, but is thought to be very low11).
In-stent stenosis is a common and well-described delayed complication of angioplasty and stenting for atheromatous disease.
This process has been reported to occur in all vascular distributions after stenting. The deployment of a balloon-mounted stent
inevitably causes endothelial injury over the treated vascular segment. There is a proliferation and activation of regional smooth
muscle cells, resulting in neointimal hyperplasia, which can lead
to restenosis within the stent10). Neointimal hyperplasia is histologically marked by proliferation of smooth muscle cell and immoderate production of extracellular matrix6,15). There is limited
data documenting the rate of restenosis after the deployment of
stents within the cerebrovasculature for atheromatous disease. In
the stenting of symptomatic atherosclerotic lesions in the vertebral or intracranial arteries trial, greater than 50% delayed instent narrowing was observed in 32% of intracranial lesions and
43% of extracranial lesions treated with the balloon mounted
Neurolink stent (Guidant Corp., Menlo Park, CA, USA)13).
Although neointimal hyperplasia and in-stent stenosis have

been described to occur at variable rates after angioplasty or the
deployment of a balloon-mounted stent for atheromatous disease within the cerebrovasculature and elsewhere, the available
data would not be expected to translate directly to the Neuroform stent, which is typically deployed in nonstenotic nonatheromatous vessels. The self-expanding Neuroform stent is deployed without concurrent balloon angioplasty and has a very
low intrinsic radial force. As such, the endotherial disruption
injury resulting from Neuroform stent deployment is negligible
in comparison with either angioplasty alone or the deployment
of a conventional balloon-mounted stent. In 2006, Fiorella et
al.6) presented the largest available case series describing the fate
of Neuroform stents deployed within intracranial arteries. They
reported that nine (5.8%) of 156 aneurysms treated with the
Neuroform stent were observed to have moderate to severe
(>50%) in-stent stenosis and estimated that delayed Neuroform
in-stent stenosis, occurring in 5.8% of cases, was not a rare phenomenon. Symptomatic stenosis among them occurred in two
cases (1.3%).
In the present case, noncompliant balloon angioplasty was
performed, although the stenosis was asymptomatic, in view of
the severity of the stenosis (stenosis rate >90%) while on dual
antiplatlet therapy. The spontaneous resolution of in-stent stenosis was first described by Fiorella et al.6) and they observed
that of the seven asymptomatic patients with a delayed Neuroform in-stent stenosis, four demonstrated some degree of spontaneous resolution at follow-up. They commented that in asymptomatic patients, a strategy of “watchful waiting” might be
effective because many patients demonstrated partial or complete resolution at follow-up.
Antiplatelet resistance, which means insufficient inhibition of
platelet aggregation by antiplatelet agents in vitro suggests another mechanism of in-stent stenosis of Neuroform stent. Reported data is highly variable, ranging from 3 to 85% for asprin
and 28 to 44% for clipidogrel2). In our case, we did clopidogrel
resistance test but she was a good responder. Considering the
present case retrospectively, we made hasty decision about the
treatment for in-sent stenosis and it is necessary to establish the
treatment protocol for in-stent stenosis.

CONCLUSION
We presented a rare case of severe in-stent stenosis occurring
as a delayed complication of Neuroform stent-assisted coil embolization of an unruptured intracranial aneurysm. Although
in-stent stenosis was treated well with balloon angioplasty in the
present case, the treatment protocol for in-stent stenosis should
be established and a multi-disciplinary treatment approach is required.
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