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Objective : Stent-assisted coiling on intracranial aneurysm has been considered as an effective technique and has made the complex aneurysms
amenable to coiling. To achieve reconstruction of intracranial vessels with preservation of parent artery the use of stents has the greatest potential
for assisted coiling. We report the results of our experiences in ruptured wide-necked intracranial aneurysms using Y-stent coiling.

Methods : From October 2003 to October 2011, 12 patients (3 men, 9 women; mean age, 62.6) harboring 12 complex ruptured aneurysms (3
middle cerebral artery, 9 basilar tip) were treated by Y-stent coiling by using self-expandable intracranial stents. Procedural complications, clinical
outcome, and initial and midterm angiographic results were evaluated. The definition of broad-necked aneurysm is neck diameter over than 4 mm
or an aneurysm with a neck diameter smaller than 4 mm in which the dome/neck ratio was less than 2.

Results : In all patients, the aneurysm was successfully occluded with no apparent procedure-related complication. There was no evidence of
thromboembolic complication, arterial dissection and spasm during procedure. Follow-up studies showed stable and complete occlusion of the an-
eurysm in all patients with no neurologic deficits.

Conclusion : The present study did show that the Y-stent coiling seemed to facilitate endovascular treatment of ruptured wide-necked intracranial

aneurysms. More clinical data with longer follow-up are needed to establish the role of Y-stent coiling in ruptured aneurysms.
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INTRODUCTION

Despite rapid technological advances in endovascular tech-
nology and development of coil engineering, complex aneu-
rysms have remained difficult because of their unfavorable ge-
ometry, which reduces the possibility of complete elimination
of aneurysm from the parent artery. Many devices and tech-
niques have been introduced to overcome these limitations in-
cluding three-dimensional (3D) coils, techniques using multi-
ple catheters, and balloon remodeling technique, etc**'*.

Before the device of self-expandable intracranial stent like
Neuroform (Boston Scientific/Target, Fremont, CA, USA) which
has been available in Korea after October 2003, coronary stents
were used for the treatment of intracranial complex aneurysms
before available. The self-expandable stent has been applied fre-
quently and makes the complex aneurysm treatment possible

with endovascular way. In selected cases, stent-assisted coiling
offers an advantage over traditional coiling and balloon remod-
eling technique. The stent can not only prevent coil herniation
but provide as a matrix of durable membrane formation in the
lumen of aneurysm neck.

Stent-assisted coiling was first reported by Higashida et al.”)
several years ago and it was admitted as a relative new idea in
endovascular treatment. When this technique was introduced,
the utility of technique was restricted by the technical limitation
and commercial availability. Furthermore, some broad neck an-
eurysms, such as the ones located at bifurcation, are not amena-
ble to treatment with a single stent. There is limited information
on the use and efficacy of stent treatment of such aneurysms. In
case of the bifurcation broad neck aneurysm, Y-configuration
using two stents often is necessary to cover the full lumen of the
aneurysm neck for preserving the patency of the parent vessel.

* Received : February 25,2012 «Revised : May 14,2012 «Accepted : August 19, 2012

« Address for reprints : Chun-Sung Cho, M.D., Ph.D.

Department of Neurosurgery, Dankook University College of Medicine, San 29 Anseo-dong, Cheonan 330-714, Korea

Tel : +82-41-550-6369, Fax : +82-41-552-6870, E-mail : babyface@dankook.ac.kr

« This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

187



J Korean Neurosurg Soc 52 | September 2012

The present report demonstrates whom an acutely ruptured, bi-
furcation aneurysm was treated by means of a Y-stent coiling.

MATERIALS AND METHODS

Patients

Between October 2003 and October 2011, a total of 255 aneu-
rysms (191 ruptured; 64 unruptured) were treated using the
stent-assisted coiling. We retrospectively analyzed the files of all
patients with ruptured wide-necked aneurysms (dome/neck ra-
tio <2) who treated with stent-assisted coiling. Twelve patients
with ruptured intracranial aneurysms were selected for this
study, 3 men and 9 women, underwent placement of Y-stent for
appropriate aneurysms with self expandable Neuroform stent.
All endovascular interventions were carried out on the same or
the next day of admission to out hospital, depending on referral
from other hospitals (within 24 hours after subarachnoid hem-
orrhage). Eventually, 12 aneurysms in total in 12 patients were
included in this study. Ages ranged from 45 to 79 years with a
mean 62.7 years. Eight of aneurysms were basilar tip in location;
the remaining four were middle cerebral artery bifurcation an-
eurysms. Aneurysms ranged in size 2 to 14 mm. Overall, follow-
up ranged from 6 to 18 months, with a mean of 10 months.

Follow-up digital subtraction angiography (DSA) images were
obtained in the previous working projection and in conven-
tional frontal and lateral projections. Rotational angiography
was performed to detect any change in angiographic outcome.
DSA also was performed at the projections determined optimal
by rotational angiography in all patients at 6 month and/or 12
months from the first procedure.

Clinical evaluation was performed in all patients before their
discharge from the hospital and clinical modified Rankin Scale
(mRS) scores were recorded at 24 hours post-procedure and 2
weeks, 6 months, and last follow-up period.

Technique

Patients were not pretreated with antiplatelet drugs (Patients
were started on 75 mg of clopidogrel and 300 mg of aspirin on
the same evening or the next morning if the intervention was
performed in the evening or during the night). The procedures
were performed under intravenous sedation using propofol and
alfentanyl, which is the general anesthetic method for endovas-
cular aneurysm coiling in this institute. After completion of the
diagnostic angiogram, patients were anticoagulated with hepa-
rin adequate to keep the activated clotting time longer than 2-2.5
times the baseline value. The patients received 5000 IU of hepa-
rin, the stent was placed in the parent artery covering the aneu-
rysmal neck, and the aneurysm was microcatheterized and em-
bolized with detachable coils.

A self-expanding stent (Neuroform) was prepared by attaching
the stent delivery catheter and stabilizer to heparinized saline
flushed, and advancing the stabilizer into the delivery catheter
proximal to the stent. All self-expandable stents were oversized

by 0.5 mm compared with the parent artery. The initial stent
deployed from the distal part of aneurysm to proximal parent
artery of aneurysm. The second stent was advanced over the
wire through interstices of the initial stent and the proximal
portion overlapping the first stent in the proximal parent artery.

The stents were deployed over the neck of the aneurysm in a
satisfactory position. After successful stent placement, coiling
was performed with multiple coils through a microcatheter
(Excelsior SL-10; Boston Scientific, Fremont, CA, USA) placed
in the aneurysm through the mesh of the stent. In short-dura-
tion interventions (1-2 hours), the patients received an addition-
al 2000 IU of heparin upon completion and longer-inteventions,
the patients received an additional 2000 IU of heparin every 2
hours. For daily antiplatelet medication after stent deployment, 2
drugs (aspirin, 100 mg and clopidogrel, 75 mg) were used for
the first 3 months, and then aspirin at 100 mg was continued.

Homeostasis was achieved by use of an arterial closure device
and heparin was not reversed at the end of the procedure. Fol-
low-up angiograms are typically performed between 6 and 12
months.

RESULTS

Basic demographic data, aneurysmal characteristics, and ini-
tial angiographic outcomes after embolization are summarized
in Table 1. Twelve patients were treated with Y-stent coiling.
According to the Hunt and Hess (H-H) grade, 3 patients were
classified as grade II, 9 patients as grade III Selective emboliza-
tion was successfully performed in all patients and resulted in
good clinical outcomes. Stent deployments were technically
successful in all patients. There was no evidence of thrombo-
embolic complication, arterial dissection and spasm including
aneurysm rupture during procedures. There was no evidence of
flow compromise in the stent or distal territory at the time of
latest follow-up.

One patient with a poor pre-procedural condition died as a
consequence of severe vasospasm within 12 days after the em-
bolization procedure. Each patient presented mRS score 0 in 3,
score 1 in 2, score 2 in 5, score 3 in 1 and score 6 in 1 (Table 1).

lllustrative cases

Case 1

A 62-year-old woman was admitted with a subarachnoid
hemorrhage (SAH) and intraventricular hemorrhage. The clini-
cal condition at presentation was equivalent to grade III of the
H-H grading scale. On the first day in the hospital, diagnostic
cerebral angiography revealed a basilar tip aneurysm, measuring
approximately 2x2 mm in size (Fig. 1). Due to the size, location
of the aneurysm and the poor clinical status of the patient, surgi-
cal clipping were not considered feasible. Subsequently, we elect-
ed to proceed with basilar artery to posterior cerebral artery
(PCA) stent placement to reconstruct the basilar artery aneu-
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Table 1. Characteristics of 12 ruptured aneurysms treated with Y-stent coiling

) ) ) Angiographic results
Case Age Sex Location  H-Hgrade Fishergrade Stentsize (mm) - mRSlast  Cxlast
Initial F/U

1 62 F Basilar tip 3 3 2.5%20/2.5x20 Class 1 Class 1 0 None
2 65 F Basilar tip 3 3 2.5x15/2.5x20 Class 1 Class 1 2 None
3 65 M MCA 3 4 2.5%20/2.5x20 Class 1 Class 1 2 None
4 45 F Basilar tip 2 3 2.5%20/2.5x20 Class 1 Class 1 2 None
5 66 M Basilar tip 3 3 2.5x15/2.5x20 Class 1 Class 1 3 None

6 70 F MCA 2 3 2.5%20/2.5x20 Class 1 Class 1 0 Dies
7 79 F Basilar tip 3 3 2.5x15/2.5%20 Class 1 - 6 None
8 50 M MCA 2 3 2.5%20/2.5%20 Class 1 Class 1 0 None
9 59 F Basilar tip 3 4 2.5%20/2.5%20 Class 1 Class 1 2 None
10 54 F Basilar tip 3 3 2.5x15/2.5%20 Class 1 Class 1 2 None
11 68 F Basilar tip 3 3 2.5%20/2.5%20 Class 1 Class 1 1 None
12 69 F MCA 3 3 2.5%20/2.5%20 Class 1 Class 1 1 None

Class 1 : complete occlusion, Class 2 : remnant neck (nearly complete occlusion). H-H grade : Hunt and Hess grade, mRS : modified Rankin Scale, Cx : complication,

MCA : middle cerebral artery

Fig. 1. Working view of the left vertebral artery angiogram showing the
aneurysm at the basilar tip prior to endovascular intervention.

rysm base. 2.5x20 mm and 2.5x20 mm Neuroform stent placed
was 20 mm in length and was deployed from the left PCA into
the basilar artery. The microwire was pulled retrograde into
basilar artery, then advanced though the stent struts. The sec-
ond, 20 mm stent, was advanced over the wire through the first
stent within the basilar artery then through the struts of the left
PCA stent and into the right PCA.

Following placement of the stents, the aneurysm was embolized
with one ultra-soft coil (Fig. 2). After the procedure, the patient
was taken to the intensive care unit (ICU). She was maintained
on oral antiplatelet agents for two weeks and heparinization for
two days. The patient was discharged from the hospital without
any neurological defects on the 21th day of hospitalization. A
follow-up angiogram 6 months later demonstrated stable com-

Fig. 2. Inmediately post-treatment, working unsubstracted view of the
left vertebral artery angiogram showing optimal deployment and no
contrast dye filling in aneurysm sac after Y-stenting coiling.

plete occlusion (Fig. 3).

Case 8

A 50-year-old man presented with SAH was admitted in H-H
Grade II. 3D cerebral angiography showed a small aneurysm of
right middle cerebral artery (MCA) aneurysm (Fig. 4). Because
of the small size and intolerable dome and neck ratio, we decid-
ed to place a stent before placing the coil. Pretreatment with an-
tiplatelet agents was not done. A 2.5x20 mm Neuroform stent
was deployed, followed by second stent was deployment to re-
construct the MCA aneurysm base. After stent placement, coil
embolization was performed with detachable coils through a
microcatheter placed in the aneurysm through the interstices of
the stent. An unsubtracted image shows the stent and coil in
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Fig. 3. Follow-up angiography was performed 12 months after treat-

ment. Working unsubstracted view of left vertebral artery angiography
shows a no interval change after initial treatment.

[A) (5]

Fig. 5. A : Immediately post treatment, working view unsubstracted right
ICA angiography demonstrating a complete embolization. B : Working
view demonstrating an optimal Y-stent deployment.

Fig. 4. Three dimensional (3D) cerebral angiography working views
shows a middle cerebral artery bifurcation aneurysm in the right internal
carotid artery.

place (Fig. 5). Follow-up angiogram 12 months later demon-
strated no interval change (Fig. 6).

DISCUSSION

The endovascular treatment of intracranial aneurysms with
detachable coils has developed into a widely used and effective
technique. Despite increasing clinical experience and techno-
logical improvements, endovascular treatment still has inherent
risks of morbidity and mortality. In particular, this treatment is

Fig. 6. Follow-up angiography was performed 13 months after treat-
ment. Working unsubstracted view of right ICA angiography shows a no
interval change after initial treatment.

not useful option for the treatment of certain types of compli-
cated aneurysms : wide-necked aneurysms are still complicated
to embolize because of the risk of coil migration or coil protru-
sion into the parent vessel. These aneurysms unfavorable for
simple coiling can be embolized by various methods, besides
stent-assisted coiling.

Development of a flexible and self-expandable intracranial
stents has increased the options for the treatment of complex
aneurysms. The efficacy and safety of intracranial stents for en-
dovascular treatment of broad neck intracranial aneurysms
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have been evaluated in several studies"*'". In associated with
coiling, the development of a stent within the parent vessel has
some advantage : once a stent is deployed across the aneurys-
mal neck, coils can be placed within the aneurismal sac more
easily with less concern of coil migration and it enables dense
packing in aneurysm; it induces significant intraaneurysmal
flow modification that may lead to spontaneous thrombosis,
and it may provide a framework for endothelial growth result-
ing in permanent separation of the aneurysm from parent ves-
sel lumen®. Accordingly, these additional effects of stents may
enhance the durability of coiled aneurysms.

An increasing number of publications have reported on the
use of the self-expandable stent in treatment of wide-necked in-
tracranial aneurysms**'¥. While most reports expressing a fa-
vorable disposition, it seems that the self expandable stent is
considered as a very useful device that facilitates the endovas-
cular treatment of unruptured wide-necked aneurysms, and
the safety of the procedure during acute subarachnoid hemor-
rhage (SAH) is still open to discussion.

Additionally, there is limited knowledge of effects of Y-stent
coiling on the ruptured aneurysms. It is very interesting that
some reports on unconventional use of the Neuroform stent
have provided intelligent technical solutions to difficult endo-
vascular cases.

Sani et al.'? and Perez-Arjona and Fessler' reported on a Y-
configuration deployment of 2 Neuroform stents applied in the
treatment of a unruptured wide-necked middle cerebral artery
and basilar tip aneurysm.

In theory, aneurysm base Y-stenting reconstruction can cause
blood to become stagnant and lead to progressive thrombosis
and the promotion of endothelialization that can help the aneu-
rysmal neck close. Accordingly, these additional effects of stents
may enhance the durability of coiled aneurysm. However, there
are very few reports in the literature describing the feasibility,
use a safety of the Y-stent coiling in ruptured aneurysms. Clini-
cally, it is unclear whether these effects really improve long-
term outcome, especially when one consider that the stents de-
signed for neck modeling have open strut. Thus, we conducted
this study to determine the actual effect of a Y-stent coiling in
ruptured wide-necked intracranial aneurysm.

Cekirge et al.? and Chow et al.? reported the impact of this
technique would be important in endovascular treatment of bi-
furcation aneurysms with a very wide neck or with no defin-
able neck, large or giant aneurysms with mass effect, and those
too small to be packed. The major current concern is the small
size of the parent vessel relative to the diameter of the smallest
available stent. As we reported in results, aneurysm base Y-
stenting reconstruction can be helpful to treat selected case of
wide neck aneurysm, such as complex MCA bifurcation aneu-
rysm or basilar top aneurysm, even though all wide neck aneu-
rysms not be indicated.

Most authors report that the premedication of antiplatelet
drugs have been strongly recommended to prevent the throm-

191

boembolic events enhanced by stent positioning. But, in the
cases of ruptured aneurysms, the procedures should be per-
formed as early as possible in most cases. Katsaridis et al.” re-
ported a series of 44 patients treated with stent and coiling for
ruptured intracranial aneurysms who were not pretreated with
antiplatelet agents. Satisfactory aneurysm occlusion was achieved
in 94.4% of cases, whereas there was no aneurysm bleeding,
and no aneurysm recanalization or thromboembolic events
have been reported. Ries et al.'” presented peri-operative infu-
sion of acetylsalicylic acid has been shown to decrease the rate
of operative bleeding rate and is advocated in the endovascular
treatment of aneurysms, including ruptured aneurysm. The op-
timal antiplatelet medication during acute-phase series is need-
ed to evaluate the safety and efficacy of stent-assisted coiling in
acute ruptured aneurysms.

Stent has some limitations”. When stents are inserted in ar-
teries with important perforating branches can also elicit com-
plications related to the untoward occlusion of some of these
perforating arteries by the stent strut. Also, stent deployed across
an artery with angulations exerts a certain longitudinal rebound-
ing force and could straighten the angle of the parent vessel.
This phenomenon could have adverse consequences, such as
proximal or distal arterial kinking, dissection, asymptomatic
mechanical strain on the aneurysm, or increased compliance
mismatch at the stent ends, which might cause marginal or in-
stent stenosis especially, in stents overlapping state. Last, intra-
cranial stent is considered to be thrombogenic until the stent
has been covered by endothelialization and the normal intrinsic
fibrinolytic activity of the endothelium has renewed®.

The current report has some limitations. There were relatively
short term clinical and angiographic follow-up periods and cas-
es were limited in numbers. Therefore, further follow-up and
more experience are necessary to determine long-term results.

CONCLUSION

Our findings suggest that Y-stent placement provides better
angiographic outcomes for ruptured wide-necked aneurysms
with an unfavorable configuration for coiling; especially, in bi-
furcation aneurysm. More clinical data with long follow-up are
needed to help establish the role of Y-stenting in ruptured wide-
necked aneurysms.
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