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Abstract

Background The advent of stent-assisted coil embolization
has revolutionized the endovascular management of com-
plex intracranial aneurysms. Although performed routinely
in most cerebrovascular centers, there are not many case
series reported about the Y-stent technique for coil
placement in cerebral aneurysms. The authors present the
second largest series available within the neurosurgical
literature.

Methods The authors have retrospectively reviewed the
medical records and angiographic data of six patients who
were diagnosed as having unruptured cerebral aneurysms
and subsequently treated using "Y" stent-assisted coil
embolization. Five out of six cerebral aneurysms in this
study were located at the basilar tip while the remaining
one was at the left MCA trifurcation. Aneurysms ranged in
size from 8-22 mm. All patients were female with ages
ranging from 37-70 years. One patient presented with
recurrence of an aneurysm previously managed with a
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balloon-assisted coil embolization. Another patient pre-
sented after a failed trial of a balloon-assisted procedure.
One patient had originally been diagnosed with multiple
aneurysms of varying size and location.

Results A “Y” configuration was successfully established
in all six patients. Five patients have had a symptom-free
recovery period at average follow-up period of 36.7 months.
The remaining patient is notable for recurrence that was
discovered on angiogram 32 months postoperatively.
Conclusions The proposed Y-stent technique is a safe and
effective option that can be employed in the endovascular
reconstruction of unruptured intracranial aneurysms of
complex location and orientation. These methods serve as
an acceptable alternative in the management of aneurysms
traditionally managed with microsurgery. Hemodynamic
assessment has shown Y-stenting to be an advantageous
therapy option, yet further studies are required to assess
these parameters in alternative therapies.

Introduction

Since the advent of stent-assisted coil embolization there
has been much debate over the optimal course of
management for cerebral vascular aneurysms. Various
authors have described techniques in the management of
aneurysms with stent-assisted vascular reconstruction be-
fore coil embolization [30, 33, 34, 42, 53, 54]. The
publication of the International Subarachnoid Trial (2002)
encouraged the acceptance of endovascular therapy as a
primary treatment for ruptured intracranial aneurysms [21].
ISAT and its follow-up (2005) revealed that patients
managed with endovascular techniques achieved a survival
benefit that may last as long as 7 years. Despite this
encouraging evidence, barriers have remained to their broad
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application. Difficult-to-access aneurysms and those spanning
vascular bifurcations have posed a particular challenge. In a
case report, Malek et al. described the early usage of tandem
intracranial stent placement. A tandem stent was drawn
through the lumen another stent to manage an iatrogenic
basilar artery dissection [35]. Likewise, Lopes et al.
demonstrated that stenting across a branched vascular
network could be accomplished safely and effectively [32].
Both of these stent techniques have proven valuable in the
management of aneurysms located at vascular bifurcations.

The Neuroform stent is the first stent designed specifi-
cally for use in cerebral vasculature. It is a self-expanding
device comprised of an MRI-safe metal alloy called nitinol.
Since its introduction, the Neuroform stent has widened the
spectrum of aneurismal lesions amenable to endovascular
treatment [20]. Its flexibility allows for the navigation of
tortuous vasculature. Likewise, its open-cell design has
been permissive of the innovative technique of deploying a
stent inside another previously deployed stent by drawing
the catheter through the stents struts. This method has
proven useful in managing aneurysms found at points of
arterial bifurcation.

Stent-assisted embolization is commonly used in the
treatment of posterior circulation aneurysms [6, 14, 15, 19,
23, 39, 41, 44, 48, 58]. Perez-Arjona and Fessler described
the management of unruptured basilar artery (BA) apex
aneurysms with two Neurform stents deployed in a “Y”
configuration traversing the BA as it bifurcates into the
each proximal posterior cerebral artery (PCA) [43]. Sani
and Lopez described a case report wherein this configura-
tion was applied at the middle cerebral artery trifurcation
[47]. To date, however, few anecdotal case reports on
y-stenting are available within the neurosurgical literature.
We present a case series where stent-assisted coil embolization
with a “Y” configuration was utilized for management of six
unruptured cerebral aneurysms.

Technique

Prior to catheterization, patients are treated with 3 days of
dual antiplatelet therapy consisting of 75 mg clopidogrel
and 325 mg aspirin. Following establishment of upper
extremity intravenous access, a left radial arterial line is
obtained to allow continuous observation of blood pressure
and serial blood draws for activated coagulation time
assessment. The patient is placed in the supine position
and undergoes induction of general anesthesia. Arterial
access is then obtained through the right femoral artery via
placement of a 6F sheath. Intravenous heparin is utilized to
attain a target ACT of 300 s.

In the management of Basilar tip aneurysms, a 6F guide
catheter is first advanced through the dominate vertebral
artery under constant road map fluoroscopy. The standard
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over-the-wire technique is used to advance a microcatheter
to the P2—P3 junction. A microwire (300 cm 0.014 inch —
Xcelerator, MTI, Irvine CA) is passed through the
mircocatheter and the microcatheter is withdrawn. A pair
of Neuroform stents (SMART Therapeutics Inc., San
Leandro, CA) are then prepared (3.0x20 mm and 3.0x
15 mm were used, respectively). The stabilizer and stent
catheter are then fixed to heparinized flushes and advanced
over the wire. To facilitate deployment of the second stent
the first ought to be advanced into the PCA with the most
acute angle relative to the basilar artery. The first stent is
then deployed from the P1 back into the mid basilar. The
microwire is pulled back into the BA apex before being
advanced through the stent struts and into the contralateral
PCA. The second stent is then advanced over the wire from
the P1 back into the BA in a fashion that partially overlaps
the first. A so-called “Y” configuration is thus established
about the BA apex. The microwire and catheter are then
carefully advanced back into the BA. Subsequently the wire
is drawn into the aneurysm and the catheter is advanced
over the wire. Coil embolization is then attempted (Fig. 1).

Aneurysms affecting the MCA trifurcation are managed
in a similar fashion. In the case described herein, the
microwire and catheter were advanced through the straight
portion of the angular artery off the inferior division of the
left MCA. A Neuroform II (3.5%20 mm) stent was then
advanced to cover the inferior division to the mid portion of
the left M1 and deployed. All wires were removed and the
catheter advanced into the candelabra of the left superior

Fig. 1 Line drawing of a basilar bifurcation aneurysm that is being
treated with “Y” configuration placement of open-cell design stents
through which a catheter is passed directly into the aneurysm; the inset
shows the navigation of framing coil into the aneurysm sac. Note the
“Y” configuration made by the stents in situ
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division, exchanged to an exchange length Transend floppy
and a Neuroform III (3.5%20 mm) stent was advanced
through the struts and Y-stented so as to overlap the M1 to
its mid portion.

Patients are typically heparinized overnight in the ICU
and placed on oral antiplatelet therapy as outpatients for no
less than 4 weeks. Follow-up angiograms are typically
performed between 3 and 6 months (Fig. 2).

Patients

Six patients underwent “Y” configuration stent placement
for the appropriate aneurysms. Five of such aneurysms
were basilar tip in location; the remaining one was a left
MCA trifurcation aneurysm. Aneurysms ranged in size
from 8 to 22 mm. All patients were female with ages
ranging from 37 to 70 years. One patient presented with
recurrence of an aneurysm previously managed with a
balloon-assisted coil embolization. Another patient pre-
sented after a failed trial of a balloon-assisted procedure.
One patient had originally been diagnosed with multiple
aneurysms of varying size and location. In whom Y-stent
assisted coil embolization was performed for her basilar
tip aneurysm prior to management of the remaining
lesions.

Fig. 2 a and b Anteroposterior
and lateral views of a middle
cerebral artery (MCA)
trifurcation aneurysm treated
using a y-stent technique
showing total occlusion of the
aneurysm. ¢, d Orientation of
aneurysm sac, neck, and the
branches of the parent vessel, in
a CT angiogram. The point
markers along the stent are
clearly visualized demonstrating
the y-pattern of stent
deployment used in this
procedure

Illustrative cases
Case 1

A 65-year-old Caucasian female presented with history of
severe headaches and diplopia. MRI brain revealed a
12 mm aneurysm located at the basilar apex. DSA
confirmed the presence of the aneurysm and revealed the
involvement of the bilateral P1 segments without obstruc-
tion to distal flow. Stent-assisted coiling with “Y” config-
uration was elected as primary management therapy.
Successful embolization through Y-stents was then accom-
plished with the following coils: Sapphire 3D 12x16,
Sapphire 3D 10x 13, Helix standard 1030, Helix standard
10 x 30, multidiameter 8 x30, multidiameter 6 <20, multi-
diameter 5x 15, multidiameter 4 x 10. The patient remained
neurologically intact and stable following completion of the
coiling procedure. Follow-up angiogram obtained at
3 months showed complete exclusion of the aneurysm
from parent circulation (Fig. 3).

Case 2

A 42-year-old female of Filipino decent presented with a
history of recurrent left-sided headaches and episodic left
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Fig. 3 a, b AP and lateral views of a basilar bifurcation aneurysm; c-f depict stages of coil deployment and g and h show the AP and lateral

position of a completely occluded aneurysm after the procedure

facial numbness. She had a family history significant for
subarachnoid hemorrhage. MRI brain and DSA revealed a
left MCA trifurcation aneurysm of 11-mm diameter, with
an apex oriented laterally and inferiorly. Normal flow-
related enhancement was observed in the major intracranial
arteries without evidence of branch occlusion or stenosis.
The right vertebral artery appeared to be dominant, while
the left was hypoplastic and terminated in the left PICA.
Treatment of the aneurysm with parent vessel reconstruc-
tion and coil embolization was planned.

The procedure was executed in a staged fashion with
“Y” configuration stent placement performed two months
prior to coiling. Y-stenting was accomplished without
incident and the patient remained in preoperative neurolog-
ical condition. During the second stage procedure the
following coils were placed within the aneurysm: GDC
18, 10x30; GDC 10, 8x30, 7x25, 6x20, 5x10, and 4x
8 Ultra soft stretch resistant. Final angiographic runs
showed no evidence of parent vessel occlusion. The
aneurysm appeared to have been grossly excluded from
circulation and the patient had no signs of neurological
deficit. Follow-up angiograms were negative and the
patient continued to be neurologically stable (Fig. 4).
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Results

All six patients eventually achieved adequate coil emboliza-
tion as demonstrated by follow-up angiograms and post
procedural angiographic runs. Four of the cases (three basilar
apex, one MCA) showed radiographic evidence of complete
occlusion after a single attempt at embolization. A particularly
challenging case involving a large aneurysm (basilar apex) of
22 mm in diameter appeared at least 90% occluded. During
the procedure it was decided to handle this case in a staged
manner. Gross total occlusion was later accomplished in a
follow-up after an 8-month period had elapsed. This patient
suffered a recurrence observed at 32 months follow-up and is
now being followed. The remaining patient endured a coil
malfunction during an attempt to reposition the final coil.

A “Y” configuration was successfully established in all
six patients. Difficulty in stent deployment was encountered
in only one case. This occurred while an attempt was made
to deliver the second stent. The friction within the system
prevented the delivery of the stent with mere utilization of
the stabilizer. Removal of the exchange length wire was
necessary and ultimately deployment was achieved with
use of a 16-coil pusher.
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Fig. 4 a, b AP and lateral views of an MCA trifurcation aneurysm; c-f show progressive coil remobilization and g and h depict total occlusion of
aneurysm with coils using the Y-stent assisted technique

Five patients have had a symptom-free recovery period
at average follow-up period of 36.7 months. The remaining
patient is notable for recurrence that was discovered on
angiogram 32 months postoperatively. She continues to
experience intermittent headaches and is currently being
closely followed with no immediate plans for further
embolization.

Complications were encountered in two cases, both
involving BA apex aneurysms. One patient suffered a
minor subarachnoid hemorrhage during the coiling proce-
dure. The hemorrhage occurred during the predetachment
phase of a 360-GDC 10 soft stretch resistant 5 x 9 coil. A
single coil loop extruded through the apex of the aneurysm
and a small amount of contrast was observed to leak from
the aneurismal wall. The patient was immediately given
protamine for reversal of heparin. Complete embolization
was accomplished and subsequently emergent ventriculos-
tomy was performed. The patient was discharged 15 days
later having been returned to her previous state of health.
Six months later, successful coiling without incident was
accomplished through the patent Y-stents.

Coil malfunction was reported in one patient, following
a positioning maneuver for final coil placement. After coil
deployment an alteration in flow was observed as excess
contrast was seen within the neck of the aneurysm. During
an effort to reposition the coil it was felt to stretch and an
attempted removal was undertaken. During this maneuver
the coil mass broke and it was decided to terminate the

procedure with a length of coil left remaining within the
lumen of the vertebral artery. A 2- year hiatus was allowed
before further intervention in order to allow the coil to
endothelialize completely. (Table. 1)

Discussion

Established methods for securing a broad-necked cerebral
aneurysm with parent artery reconstruction include: the
Jailed catheter, stent-first, and balloon-remodeling techni-
ques. The Jailed catheter (coil-first) method involves the
placement of the microdelivery catheter into the arterial
lumen at the start of coil delivery. The stent is then
positioned and immediately delivered across the aneurysm
in a manner that “jails” the microcatheter between the stent
and the vessel wall. This technique has several advantages:
(a) less manipulation of the parent artery; (b) it optimizes
the coil basket using a buttressing stent; and (c) it
eliminates the need for difficult navigation of the micro-
catheter through the stent struts. Reducing the manipulation
of the parent artery presumably diminishes the likelihood of
aneurysmal rupture. The utilization of a coil basket with
buttressing stent diminishes the chance of shift or migra-
tion. Unfortunately, this construct does not allow the
possibility of modifying the microcatheter position through
manipulation of the tip after the stent is placed, which
makes it more challenging to position the coil in an ideal
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Table 1 Patient demographics and follow-up

Age/Sex  Location Diameter (mm) Prev. intervention Complications  Follow-up (months)
37/f BA apex Residual volume (10%) Successful balloon-assisted Coil failure 57.6
of a prev. treated 12 mm complete coil embolization
aneurysm
41/f BA apex 22 N/A N/A 52.6 (recurrence at 32 months,
currently followed)
44/f BA apex 9 N/A SAH-minor 51.3
42/ MCA trifurcation 11 N/A N/A 13.1
65/f BA apex 12 N/A N/A 40.6
70/f BA apex 8 Failed balloon-assisted N/A 5.0

coil embolization

location. The stent-first method requires the initial delivery
of the stent across the aneurysm neck followed by micro-
catheter placement within the sac through the stent struts.
Stent-first techniques are associated with infrequent compli-
cations such as cell impingement or stent displacement.
Balloon-in-stent techniques have also been shown to be a
successful alternative to traditional coiling methods. Fiorella
et al. reported a case series of seven patients who
successfully underwent balloon-in-stent-assisted emboliza-
tion [11]. This procedure involves the placement of a stent
followed by the in-stent inflation of a temporary occlusion
balloon to protect the parent vessel. Currently, the use of
balloon assistance in placement of Guglielmi detachable
coils is widely represented within the neurosurgical
literature [2, 29, 31, 36, 56]. Advocates have cited
improved control of blood flow, potential to attain
increased coil density, as well as increased delineation of
the aneurismal neck in support of their usage [22, 45].
Known risks include ischemic events, thomboembolism,
and even vessel tears secondary to over-inflation [40, 46].
High complication rates associated with balloon usage
have been demonstrated and have been used in support of
alternative techniques [17, 37, 49].

Various authors have proposed novel stent-assisted
therapies to be used in the management of aneurysms
located at vascular bifurcations. The use of a single stent
placed perpendicular to the BA axis in a fashion that spans
from the right to the left P1 segments has been utilized [7,
24, 55]. Cross et al. described a case report where this
technique was used in the management of a basilar apex
aneurysm. They remark that this technique limits the
amount of hardware left within the cerebral vasculature, a
perceived benefit to the risk of postoperative thrombosis. A
single perpendicular stent also serves to limit the space
between the aneurismal neck and the body of the stent.
According to Cross et al., this serves as an advantage in
coil placement. However, horizontal stent deployment
requires the navigation of the posterior communicating
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artery (PCOM) through the internal carotid artery (ICA), a
factor that may limit its application. Patients without an
adequate PCOM require an approach from the posterior
circulation.

Horowitz et al. described the use of a “waffle cone”
arrangement in the management of wide-necked bifurcation
aneurysms [18]. This technique involves the deployment of
a single Neuroform stent placed in the basilar artery. The
distal component of the stent is allowed to fan out as it is
extruded into the bifurcation at the neck of the aneurysm.
Following placement of the coils distal to the midline stent,
the apparatus is said to resemble an ice cream cone. In his
case series, Horowitz described seven patients with BA
apex aneurysms successfully managed with this technique.
It remains to be known if an aneurysm location at the MCA
trifurcation could be treated effectively and safely with this
technique. Another variation of stent-assisted coil emboli-
zation was described by De Paula Lucas et al. In their
report, the authors demonstrated a "stent-jack" technique,
which avoids navigation of the microcatheter through the
stent strut. The coil loops are constrained within the sac
before detachment of the first coil. Unlike other stent-
assisted techniques, the primary function of the stent is to
stabilize the system in the detachment phase of coil
delivery. With this technique, the function of the stent in
preventing coil distraction into the parent artery during
initial coil placement is lost. However, De Paula Lucas et
al. remark that this method was helpful in the critical
placement of the first coils [8].

There is evidence available to suggest that stent
placement alone may promote aneurysmal thrombosis and
occlusion [1]. Both significant complications observed in
our case series occurred independently of stent positioning
and deployment, an observation that makes the theory of
stent-only treatment a tempting alternative. However, trials
of stent-only therapy have proven inadequate as both high
failure rates and subtotal occlusion have been reported [27].
This therapy is often avoided because the likelihood of
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observing intraprocedural thrombosis is greatly reduced.
Zentino et al. described the use of stent-only therapy in 15
aneurysms at various locations. In his series, only a single
case (7%) showed evidence of immediate total occlusion
[59].

Critics of the “Y” configuration have sited migration of
the first stent and friction between stents during deployment
as causes for concern. Intraoperative stent migration of
sufficient magnitude to compromise the formation of a “Y”
configuration was reported in a case series published by
Thorell et al. [51]. In his series of seven patients treated
with Y-stenting, Thorell notes that in the sole case wherein
migration prevented the formation of a “Y” configuration,
satisfactory occlusion of the aneurysm was obtained.
Modest stent migration was observed in all cases herein
reported involving the basilar apex. Migration during the
management of these aneurysms was always in the
cephalad direction pertaining to the BA and laterally within
the P1. Successful navigation of the primary stent in the
case involving the MCA trifurcation was accomplished
without incident. In the remaining cases, movement of the
primary stent did not lead to procedural complications and
should be considered of minimal risk.

Friction between stents may occur as one stent is drawn
through the struts of a previously placed stent. Strut
dimensions will vary dependent on arterial vascular
diameter. The Neuroform stent supplies an outward force
of traction that is counteracted by resistance within the
arterial wall. Only a single case within this series was
significant for appreciable friction between stents. The
authors feel that prudent usage of Y-stenting in cases with
agreeable anatomy may eliminate this concern entirely.
Utilization of these techniques in arterial systems with
larger caliber arteries may ensure the attainment of
sufficient strut dimensions to limit intraoperative friction.
Likewise, large strut configuration may serve to provide an
advantageous disturbance of flow and reduce the risk of in-
stent stenosis [16].

It is of note that the sole case which endured a
recurrence was the largest aneurysm in this series. This is
consistent with other sources within the Neurosurgical
literature which have suggested that aneurysms with a neck
width more that 4 mm and a maximum diameter greater
than 10 mm may have a three-fold risk of recurrence
following treatment [9]. Suzuki et al. recently reported on
their experiences with endovascular treatment of 115 MCA
aneurysms (ruptured and unruptured). They report a
recanilization rate of 10% at this location. All aneurysms
to suffer recurrence were large or giant [50]. The relative
risk of recanilization may take on particular significance
when considering treatment modalities for aneurysms
located at arterial bifurcations. In these lesions, aneurysm/
parent vessel architecture may predispose the coil mass to

elevated and repetitive impingement forces [5]. While it has
been suggested that higher coil packing densities may serve
to combat unfavorable flow dynamics, bifurcating vessel
aneurysms likely comprise a distinct and unfavorable risk
stratification variable. Large and giant aneurysms of arterial
bifurcations are thus likely to require multistage treatment.
These lesions may best be addressed with multimodality
treatment with cooperation of neuro-interventionalists and
neurosurgeons.

As the application base for stent-assisted coil embolization
has evolved questions have followed. Both stent-induced
thrombosis and in-stent stenosis have been described as
potential pitfalls of stent placement in endovascular therapy
[10, 28, 52, 57]. Stent-induced thrombosis is widely owed to
hyperactive platelets. Research in their usage in percutaneous
cardiac intervention has shown a reason for concern even
into the late post-operative period [12, 13]. Tt is well
established that intravascular stent placement serves to
disrupt the functional endothelium. This may result in
inflammation followed by neointimal proliferation and in-
stent stenosis [26]. The significance of this disruption in the
management of difficult to coil aneurysms is yet debated.
Likewise, it is yet unknown whether the hemodynamic
environment unique to arterial bifurcation significantly alters
the risk of stent-induced stenosis or thrombosis. It is
encouraging that at an average follow-up of 36.7 months,
no patient in our case series has endured symptomatic
thrombosis. However, the definitive utility of this technique
and broader application of stent-assisted therapy depend on
long-term results. It remains possible that the ultimate risk of
thrombosis and inflammation may be unmasked several
years or even decades down the road. Until this information
becomes available, an indefinite radiological follow-up may
be necessary.

Post-procedural hemodynamic alterations are likely to
be an important factor in determining the long-term
morbidity and mortality of endovascular intervention [3].
The possibility that late rebleeding may ultimately com-
promise the superiority of endovascular therapy raises
important questions regarding the effect these treatment
modalities have on vascular flow patterns [38]. Hemody-
namic assessment has shown the “Y” configuration to be
advantageous with respect to reduction in the strength of
flow vortices and peak flow velocity [4]. Multiple stent
placement seems to have an additive effect at reducing
wall-shear stress, an advantage unique to the “Y”
configuration compared to alternative approaches [25].
Whether this advantage outweighs the perceived embolic
risk of increasing intracerebral hardware is indeterminate.
Both the passage of time and further experience are required
to access the long-term efficacy of Y-stent assisted coil
embolization as well as the risk of recanalization associated
with aneurysms.
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Conclusions

The proposed Y-stent technique is a safe and effective
option that can be employed in the endovascular recon-
struction of unruptured intracranial aneurysms of complex
location and orientation. These methods are an acceptable
alternative in the management of aneurysms traditionally
treated surgically. The risk of cerebral embolism and
delayed recanalization associated with Y-stent technique
remain unknown, but likely resemble those of traditional
stent-assisted techniques. Further study is required to assess
these risks. Postoperative hemodynamic assessment has
shown Y-stenting to be an advantageous therapy option yet
further studies are required to assess these parameters in
alternative therapies.
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Comment

So far, microsurgery has been in most cases of large and giant aneurysms
the treatment of choice because of the high risk of re-canalization after
endovascular treatment which may furthermore be contraindicated
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because of an existing thrombus. With new development of stents some
of the previously uncoilable aneurysms that may have also been difficult
to treat with microsurgery may become coilable. However, very
promising early results and enthusiasm may turn into disappointments
after long-term follow-up. As the techniques and recommendations in
endovascular therapy are constantly changing with new equipment
coming to the market every month, it may be difficult to look back after
10-20 years as the current stents may be considered to be from the time of
dinosaurs and not even worth analyzing at that time. During this time, so
many other new techniques/devices will be used in different combina-
tions each with a relatively small number of patients. Most likely, no real

@ Springer

comparison between different methods will ever be done and only the
latest equipment will be recommended by the endovascular society and
industry. It will be interesting and important to see what happens inside
and around the stent after several decades. Will we see parental artery
occlusions or stents migrating out of the vessel wall? However, if the new
stents and technology also work in the long-run, they are a welcome
adjunct in the treatment of these challenging lesions and may even replace
microsurgical treatment in many cases.

Mika Niemeld

Juha Hernesniemi

Helsinki, Finland
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