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BACKGROUND AND PURPOSE: Endovascular treatment of wide-necked aneurysms remains
a therapeutic challenge. We conducted this study to evaluate the angiographic results and
clinical outcome of patients treated with stent-assisted coiling by using a recently available
self-expandable intracranial stent.

METHODS: A retrospective review of all patients treated with self-expandable stent-assisted
coiling between September 2002 and December 2003 was done. Treatment was attempted in 32
patients with 35 aneurysms. Four of the aneurysms were ruptured. All had either a dome-to-
neck ratio less than 2 and/or a neck diameter of 5 mm or larger. Following stent placement,
coiling was attempted in 33 of 34 aneurysms. The technical success of the procedure, procedure
related complications, and the angiographic results were documented.

RESULTS: In 34 of 35 aneurysms, stent deployment across the neck of the aneurysm was
successful. Coiling was performed successfully in 30 of 33 aneurysms. In 20 aneurysms,
immediate posttreatment angiography showed either total (17%) or satisfactory (50%) occlu-
sion. Procedure-related mortality occurred in one patient (3.1%). Adverse events occurred in
eight patients (25%); in three of them permanent neurologic deficit resulted (9.3%). In six
patients, thrombus formation occurred within the stented segments during the procedure and
reopro infusion was used. Follow-up angiography was available in 12 (40%) of 30 treated
aneurysms.

CONCLUSION: In our practice use of the self-expandable stent seemed to facilitate endo-
vascular treatment of wide-necked intracranial aneurysms. Difficulty of deployment and stent
thrombogenicity are the main drawbacks of the system.

Aneurysmal subarachnoid hemorrhage (SAH) is a
major health problem, occurring with a frequency of
between 6 and 8 per 100,000 in most Western popu-
lations (1). Surgical clipping of intracranial aneurysms
is increasingly being replaced by endovascular treat-
ment with coils. The recent publication of a multi-
center randomized trial showing improved safety and
clinical outcome of patients treated with endovascular

methods as compared with open clipping has accel-
erated this trend (2). The results of this trial have
increased the numbers of patients referred for endo-
vascular treatment and thereby further emphasized
the need for development of new techniques and
devices to enhance the ability to treat intracranial
aneurysms effectively.

Wide-necked aneurysms are difficult to treat, both
surgically and endovascularly, because of their unfa-
vorable geometry, which reduces the possibility of
achieving dens packing and elimination of aneurysm
from circulation. Endovascular strategies for manag-
ing wide-necked aneurysms have previously included
the balloon remodeling method described by Moret
et al (3) and the use of 3D coils (4, 5). Other than the
classical role in revascularization procedures, stents
started to be used more frequently as a support to
keep the coils inside wide-necked aneurysms and al-
low dense packing of the aneurysm lumen.

After validation of the technique by experimental
studies (6, 7) reports of stent-assisted embolization
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for the treatment of wide-necked aneurysms in hu-
man appeared in literature (8–11). Most of them are
from coronary practice and balloon expandable. In
addition to the pressure-driven deployment method,
their profile and stiffness increase the risk of vessel
damage. Navigational difficulty in the tortuous cere-
bral circulation is another technical limiting factor for
these devices. In a substantial number of cases, the
need for permanent support for the coils to protect
the parent artery is still obvious. Until recently, no
stent that is optimized for intracranial use was
available.

We report the result of our experience in by using
Neuroform stent for the treatment of wide-necked
cerebral aneurysms. Technical success, efficacy, and
complications related with the method were assessed.

Methods

A retrospective review of all patients treated with Neuro-
form stent-assisted coiling (SAC) during the interval between
September 2002 and December 2003 was done. Information
was gathered retrospectively from an internal endovascular
aneurysm treatment database, patient medical records, and
image archive system (PACS). Informed consent from the
patients and institutional review board approval for the human-
itarian use of Neuroform device and retrospective review of the
data were obtained. Thirty-five aneurysms in 32 patients (7
male and 25 female) were treated with SAC (Table 1). The
mean age of the patients was 58.6 years (range, 29–82 years).
Patients having intracranial aneurysm (ruptured or unrup-
tured) with a dome-to-neck ratio �2 or neck size �5 mm as
measured from a pretreatment 3D rotational digital-subtrac-
tion angiography (3D-DSA) were included. Stent deployment
was attempted in 35 aneurysms. Four were ruptured—two of
which were acute—and five were recurrent aneurysms, which
had been previously treated by endovascular and/or surgical
methods; the others were unruptured with no previous attempt
of treatment. Mean dome size, mean neck size, and mean
dome-to-neck ratio were 9.1 mm, 6.5 mm, and 1.50, respec-
tively. Other than one fusiform aneurysm, all aneurysms were
wide-necked saccular aneurysms, seven of which were located
in the posterior circulation.

Preoperative Evaluation and Medication
In addition to standard multiprojection cerebral angiogra-

phy, 3D-DSA of the vessel bearing the aneurysm was acquired
in all patients. Morphologic evaluation and measurements of
the parent vessel and aneurysm were done on a separate work-
station by using reconstructed 3D-DSA images. Patients having
unruptured aneurysm were premedicated for 3 days before
treatment with 300 mg acetyl salicylic acid (ASA) and 75 mg
clopidogrel. No patient with ruptured aneurysm was pretreated
with antiplatelet drugs.

Neuroform Stent and Delivery System
The Neuroform stent is a self-expanding nitinol (nickel-

titanium alloy) stent with a thermal memory (12). It has an
ultra-thin, highly porous design with low radial force. For
delivery, the stent is preloaded into a 3F braided microcatheter.
During delivery, a 2F microcatheter fills the annular space in
the 3F catheter and is used for support during retraction of the
delivery catheter (unsheathing) for stent deployment. Four
platinum markers on each end of the stent are the only ele-
ments that are visible fluoroscopically.

SAC Technique
All procedures were performed under general anesthesia.

After completion of the diagnostic angiogram, all patients were
anticoagulated with heparin adequate to keep the activated
clotting time longer than 2–2.5 times the baseline value. A 6- or
7F guiding catheter was placed within the appropriate internal
carotid or vertebral artery. In our early experience, a standard
microcatheter and flexible guidewire were used to cross the
segment of artery from which the aneurysm arose. The stan-
dard wire was then exchanged for an exchange length wire over
which the Neuroform stent was delivered and deployed. Later,
the Neuroform was delivered directly across the aneurysm neck
by using a standard flexible tip guidewire placed through the 3F
catheter containing the stent (Fig 1). Keeping at least a 4-mm
margin between the ends of the stent and aneurysm neck and
at least 0.5 mm over sizing the stent diameter to the diameter
of the artery into which it is to be deployed is advocated for
good anchoring and stability of the stent.

In 14 patients, SAC was performed in two separate sessions.
Time intervals between placement of the stent and coiling were
between 1 and 148 days (mean, 44 days). The remaining 18
aneurysms were embolized immediately after stent deploy-
ment. In 11 patients, because of the inability to achieve a
working projection adequate to ensure that coils were not herni-
ating through the stent, balloon neck protection was also used.

After stent deployment, the aneurysms were catheterized
using a variety of standard microcatheters and guidewires. The
aneurysms were then coiled by using standard techniques with
a variety of commercially available coils.

In most instances, homeostasis was achieved by use of an
arterial closure device and heparin was not reversed at the end
of the procedure. Patient with unruptured aneurysm main-
tained on the same antiplatelet regimen for a month, followed
by lifelong ASA if otherwise indicated by different medical
condition of the patient. In patients with ruptured aneurysms,
the same postprocedure antiplatelet regimen (300 mg ASA �
75 mg Clopidogrel) was initiated immediately after the em-
bolization through the Nasogastric tube. All patients were
scheduled for 6-month clinical follow-up and angiographic
evaluation.

Observations
The technical success of the procedure, procedure-related

complications, angiographic results, and neurologic outcome
were recorded. Angiographic results were classified according
to the classification used by Raymond and Roy (13) with slight
modification, such as complete occlusion without neck rem-
nant, subtotal but satisfactory occlusion (�90% with small neck
remnant or dog ear), residual filling of the aneurysm lumen,
and failure.

Results

Stent Placement and Embolization
In 30 of the 34 aneurysm-bearing vessel segments,

the stent was successfully delivered and deployed at
the first attempt. Three of the remaining four were
stented successfully on a second attempt and, in one
instance, the stent could not be deployed. Technical
success of the Neuroform stent deployment to the
desired location was 97%. Coil embolization was at-
tempted in 33 of 34 stented aneurysms. In one pa-
tient, coiling of an unruptured carotid ophthalmic
aneurysm that had previously been stented was post-
poned because of complications that occurred during
coiling of a contralateral aneurysm (patient 11).

Thirty of 33 attempts at coiling were successful
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(91%). In two instances, coiling was not successful
because of coil protrusion. In a patient with right
superior hypophyseal internal carotid aneurysm with
dome and neck size of 4 mm (patient 8) multiple
attempt of placing the first coil safely within the
aneurysm lumen was not successful (Fig 2). In the
case of patient 10, we cancelled the coiling after stent
placement within the parent vessel. In that case, an

11-mm right vertebral artery aneurysm was located at
the origin posterior inferior cerebellar artery (PICA).
Although the Neuroform stent, placed at vertebral
artery, covered the 8-mm neck and protected the
vertebral artery from coil protrusion, we observed
diminished flow at the right PICA before detachment
of the first coil. Because of anticipated high risk of
PICA stroke we retracted the coil and stopped the

TABLE 1: Summary of patients treated with neuroform assisted coilinga

Patient
No. Age Aneurysm location

Sizes
(Dome/Neck)

(mm) Status
Stent
size

Balloon
protection Result

F/U
time

(Month)
F/U

result Adverse events and notes

1 46 Basilar tip 12/7 UR 4.0 � 20 Yes PS
2 59 L Carotid, supraclinoid 7/5 UR 4.5 � 20 No RF 7 RF Prev emb w/o stent failed
3 61 L Carotid, ophthalmic 6/5 UR 4.5 � 20 No C Reopro infusion for thrombus
4 29 L Carotid, pCom 10/8 UR 4.0 � 20 No PS 8 C
5 62 R Carotid, ophthalmic 5/5 UR 4.0 � 20 No RF Reopro infusion for thrombus

Right Groin Hematoma
Re-treatment Yes PS 14 C Balloon protection

6 52 R Carotid, cavernous 8/6 UR, Rec 4.0 � 20 No C 9 C Previous attempt with balloon
expandable stent failed

Stenting failed at 1st attempt
7 47 R Carotid, sup. Hypo 5/5 UR 4.0 � 20 Yes RF 7 C Reopro infusion for thrombus
8 39 R Carotid, sup. Hypo 4/4 UR 4.0 � 20 Extravasation due to guide wire

injury to a distal branch
2nd attempt No Failed Coil protrusion

9 44 L Carotid, ophthalmic 18/7 UR 4.0 � 20 No PS 2 PS Stenting failed at 1st attempt
Loss of vision on left eye

10 67 Basilar tip 12/6 R, Rec 4.0 � 20 No PS 3 PS
R. Vertebral, PICA 11/8 UR 4.5 � 20 No Failed Protrusion of coils into PICA

Aneurysm ruptured
11 60 L Carotid, ophthalmic 4/5 UR 4.5 � 20 Yes Failed Right hemiplegia & aphasia

R Carotid, ophthalmic 4/4 UR 4.5 � 20 N/A
12 67 R Carotid, pCom. 4/3 UR 4.5 � 20 No RF
13 58 R Carotid, cavernous 12/7 UR 4.5 � 20 Yes PS 6 RF
14 72 R Carotid, supraclinoid 11/8 UR 4.5 � 20 Yes PS Putaminal hemorrhage nine

days after embolization
15 67 R Carotid, ophthalmic 16/6* UR 4.0 � 20 Yes PS 2 RF
16 53 L Carotid, ophthalmic 12/8 UR 4.5 � 20 Yes RF

4.0 � 15
17 59 L Carotid, supraclinoid 7/6 UR No Failed Severe contrast reaction
18 82 R Carotid, pCom. 6/5 R 4.0 � 20 No PS
19 58 L Carotid, petrous 6/4 UR, Rec 4.5 � 20 No PS 7 RF
20 46 L Carotid, ophthalmic 9/6 UR 4.5 � 20 Yes PS Reopro infusion for thrombus
21 71 R Carotid, supraclinoid 8/7 UR 4.5 � 20 Yes RF Stenting failed at 1st attempt

R Carotid, pCom. 8/7 UR Yes RF
22 68 L Carotid, ophthalmic 10/8 UR 4.0 � 20 No PS
23 78 R Carotid, ophthalmic 5/4 UR 4.5 � 20 No PS 6 C
24 59 L Carotid, supraclinoid 10/5 UR 4.5 � 20 No C 3 C
25 46 R Posterior cerebral 19/19 UR 4.0 � 20 No C Parent artery occlusion resulted

occipital stroke
26 59 L Carotid, ophthalmic 7/6 UR 4.5 � 20 Yes PS
27 36 L Posterior cerebral 6/6 R 4.0 � 20 No PS
28 70 Basilar tip 10/10 R, Rec 4.0 � 20 No PS Cross-stenting, late mortal

posterior circulation stroke
4.0 � 20 No

29 54 L Carotid, cavernous 7/7 UR, Rec 4.0 � 20 No RF Reopro infusion for thrombus
30 66 Basilar tip 20/12 UR 4.0 � 20 No RF
31 62 R Carotid, ophthalmic 6/4 UR 4.5 � 20 No C Reopro infusion for thrombus

Occular TIA 2 weeks after
32 73 R Carotid, ophthalmic 12/7 UR 4.5 � 20 No RF

Note.—a L, left; R, right; pCom, posterior communicating artery; sup. Hypo, superior hypophyseal; PICA, Posterior inferior cerebellar artery; UR,
unruptured; R, ruptured; Rec, Recurrent; C, Complete occlusion; PS, Partial but satisfactory occlusion (�90%); RF, Residual filling (�90%); F/U,
follow-up; w/o, without.
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FIG 2. Case 8.
A, Pretreatment lateral carotid angiography shows a broad-necked superior hypophyseal aneurysm of the right internal carotid artery.
B, Stent delivery system is advanced distal to the aneurysm over microguidewire. Distal marker of the stent delivery catheter, proximal

and distal markers of the stent itself within the catheter are visible.
C, Lateral fluoroscopic view shows the stent in the cavernous internal carotid artery, covering the orifice of the aneurysm.
D, Late arterial phase of lateral carotid angiography obtained after the stent deployment shows contrast extravasation, which is

confirmed by CT (E) also. F and G, The second session of embolization performed 3 weeks later failed because of the persistent
protrusion of the coils into the internal carotid artery.

FIG 1. Schematic illustration of Neuro-
form-assisted embolization of a wide-
necked superior hypophyseal aneurysm.

A, Microcatheter containing the stent
was positioned over the wire distal to an-
eurysm location.

B, The stent was deployed by holding
the stabilizing catheter in a fixed position
while the 3F catheter was pulled back.

C and D, Interstices of fully expanded
stent can easily accommodate microcath-
eter for coiling. Protrusion of coil loops in
to internal carotid artery is prevented by
the stent.
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procedure (Fig 3). The third case that we failed to
embolize had a left ophthalmic aneurysm (patient
11). We tried balloon-neck protection during embo-
lization, but, unfortunately, aneurysmal or vessel rup-
ture occurred during the initial balloon inflation. As a
result, parent artery occlusion was performed. Imme-
diate posttreatment angiography revealed complete
aneurysm occlusion in 5 cases, partial but satisfactory
occlusion in 15, and residual filling in 10. One aneu-
rysm with residual filling was retreated and partial,
but satisfactory occlusion was achieved (patient 5).
Posttreatment angiographic follow-up was available
in 12 patients (range, 2–14 months). In nine, the
degree of aneurysm occlusion was either stable or had
improved. In the remaining three, minor recanaliza-
tion was detected without significant increase in size
of the aneurysm. Retreatment was performed in only
one of them. No SAH vessel occlusion, stenosis at the
stented vessel segments or late stroke at the treated
vessel territory was documented after the treatment
during the follow-up period.

Complications and Adverse Events
Procedure related mortality occurred in one pa-

tient (3.1%). This occurred after treatment of a large,
ruptured, wide-necked basilar apex aneurysm that
had recurred despite previous treatment on two oc-
casions with dual balloon-neck-protection technique
(Table 2). Two Neuroform stents were placed so that
one passed through the other forming a Y at the
junction between the two posterior cerebral arteries
and the aneurysm (patient 28). A satisfactory result
with a small residual neck immediately after treat-
ment was achieved, and the patient was discharged
with no adverse events associated with the procedure.
Two weeks after discharge and after discontinuing his
antiplatelet medications, he suffered a basilar artery
thrombosis resulting in multiple brain stem and cer-
ebellar infarcts. He died shortly thereafter.

In eight of the SAC procedures, adverse events
occurred (25%). In one case, the aneurysm ruptured
at the time of coiling during initial balloon inflation.

FIG 3. Case 10.
A, Left vertebral angiography obtained 6 months after previous surgery shows residual filling of the basilar tip aneurysm and additional

right vertebral artery aneurysm close to the origin of the posterior inferior cerebellar artery. Right posteriocerebral artery is supplied by
the right carotid circulation via right posterior communicating artery (not shown).

B, Fluoroscopic road map image during embolization with balloon remodeling technique and postembolization right vertebral
angiogram (C) shows satisfactory occlusion of the aneurysm with small neck remnant, especially on the right side.

D, Follow-up angiography 22 months after the embolization reveals recanalization and regrowth of the aneurysm.
E, After placement of Neuroform stent extending from the left posterior communicating artery to the distal basilar artery recanalized

portion of the aneurysm embolized with multiple coils.
F, Proximal and distal markers of second Neuroform stent, placed across the right vertebral artery aneurysm, are seen. After insertion

of the first coil into the aneurysm, lumen flow within the right posterior inferior cerebellar artery is diminished. The coil is retracted and
embolization is abandoned.
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Parent artery occlusion was performed (patient 11)
and a right hemiplegia and aphasia occurred. At the
6-month follow-up examination, her motor deficit was
almost completely resolved but a motor aphasia per-
sisted. In another patient, after a successful stent
deployment minimal extravasation of contrast me-
dium was noted in the right posterior parietal region,
adjacent to posterior parietal branch of the right mid-
dle cerebral artery most probably due to vessel injury
with the microguidewire used for stent deployment
(patient 8; Fig 2). Systemic anticoagulation was im-
mediately reversed with protamine, and the proce-
dure was terminated. The patient awoke from general
anesthesia with a complaint of headache but no
change from her baseline neurologic status. Cranial
CT revealed an SAH. She recovered fully and had no
deficit at the time of discharge. In a patient having
fusiform right posterior cerebral artery aneurysm (pa-
tient 25), we tried SAC to embolize the aneurysm
without parent vessel occlusion, but unfortunately the
deployed Neuroform stent failed to supply necessary
support to reconstruct the vessel. Diseased segment
of posterior cerebral artery was occluded. Although
small ipsilateral occipital infarct had developed the
patient was asymptomatic without any visual field
defects. One patient with a right paraophthalmic an-
eurysm lost vision in the ipsilateral eye immediately
after coiling (patient 9). Her vision was limited only to
light perception at the 3-month follow-up. Another
patient with a paraophthalmic aneurysm (patient 31)
experienced recurrent, transient retinal ischemia 2
weeks after the procedure. One patient experienced
an ipsilateral putaminal hemorrhage 9 days after the
SAC procedure (patient 14). Groin hematoma neces-
sitating surgical repair and severe contrast reaction
were other procedure-related adverse events.

Apart from these clinically manifested complica-
tions, thrombus formation was noted at immediate
poststent placement angiography in six cases. These
were seen as 1–2-mm fuzzy irregular filling defects
that are attached to stent struts (Fig 4). All of these
patients were treated with a platelet glycoprotein IIb/
IIIa inhibitor (abciximab, ReoPro, Lilly, Indianapolis,
IN) given either intraarterially or intravenously. Com-
plete resolution of the thrombus was seen in four
cases after intravenous bolus. One thrombus, still

present after administration of the intravenous bolus
was not observed on angiogram performed next day
(Fig 4). In the other case, a very small residual throm-
bus persisted on the stent surface at the time of the
24-hour control angiogram. None of these six patients
developed neurologic symptoms, although in one case
significant groin hematoma occurred after the re-
moval of the arterial sheath 24 hours after treatment.

Discussion
After 1995, when the Guglielmi detachable coil

system (Boston Scientific/Target, Fremont, CA) re-
ceived U.S. Food and Drug Administration (FDA)
approval, criteria for endovascular treatment broad-
ened. Today, only aneurysms that, for anatomic or
other reasons, seem unsuitable for coil occlusion are
excluded from endovascular therapy. Wide-necked
aneurysms are the most frequent treatment chal-
lenges for endovascular surgeons because of the risk
of coil-loop herniation through the broad neck into
the parent artery. Despite significant advances in coil
design (e.g., two and and 3D coils) as well as the
development of modified techniques of coiling (e.g.,
balloon neck protection) there remains a substantial
number of aneurysms that either cannot be treated
successfully with coiling or that, when treated, recur
at a high incidence (3–5). In the past decade, several
reports describing the experimental and clinical use
of peripheral or coronary stents for stent-assisted
embolization have appeared in the literature (8–13).
One of the largest series by using stents not specifi-
cally designed for use in the cerebral vasculature was
reported by Lylyk et al (14). They reported cerebro-
vascular stent placement in 111 patients having either
occlusive atherosclerotic disease or aneurysms; in
their series, the overall mortality and morbidity were
6.3 and 10.9%, respectively. In 62 of these 111 pa-
tients, stent placement was used before coiling of
intracranial aneurysms. The overall success in deploy-
ing the stent at the appropriate site was 90.3%. In
19% of these, suboptimal placement such that it was
necessary to deploy a second or third stent was noted.

Fundamental design characteristics of balloon
mounted coronary stents have significantly limited
their use in intracranial aneurysm therapy. They do
not have enough flexibility for the navigation of tor-
tuousities inherent to cerebral circulation. Rigid
structure precludes their use at curved vessel segment
such as carotid siphon and excessive force exerted
during deployment may also cause injuries to the
vessel wall.

An ideal stent for SAC should have a low profile,
be flexible, and be made of material that is self-
expandable so as to accommodate the complex geom-
etry of intracranial arteries. Also, the stent strut de-
sign and concentric radial force of the device is
important, because this feature supplies the support
necessary to prevent coils from herniating into the
parent artery. To the best of our knowledge, the first
FDA-approved stent, designed according to these cri-
teria, is the Neuroform stent (Boston Scientific/Tar-

TABLE 2: Complications and adverse events

Patient # Event PND

1 28 Late subacute thromboembolic stroke Yes*
2 11 Aneurysm rupture Yes
3 8 SAH due to guide wire perforation No
4 25 Parent vessel occlusion No
5 9 Loss of vision Yes
6 31 Visual TIA No
7 14 Late Intra cranial hemorrhage Yes
8 5 Groin Hematoma No
9 17 Contrast Reaction No

Note.—PND, Permanent neurologic deficit; SAH, Subarachnoid
hemorrhage; TIA, Transient ischemic attack.

* Patient deceased.
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get). This device is a self-expanding nickel-titanium
alloy stent with an ultra-thin, open-cell mesh design.
It has a high degree of elasticity and thermal memory
with a radial force adequate to constrain coils within
an aneurysm. It is available in a variety of diameters
and lengths, ranging from 2.5 to 4.5 mm and 10 to 20
mm, respectively. Because of the ultra-thin struts, it is
essentially radiolucent and is only visible fluoroscop-
ically because of four radiopaque platinum marker
bands placed at each of its ends. A 2F stabilizer
catheter is used as an over-the-wire pusher for de-
ployment of the stent with an unsheathing maneuver.
The low profile and relatively smooth surface of the
delivery system achieved by positioning the stent in
the 3F microcatheter facilitate navigation through

tortuous courses. In our experience, deployment of
the stent has sometimes been impossible when the 2F
stabilizer catheter is used. Because of this, we often
have deployed the stent by using either a coil pusher
or a 0.018-inch guidewire.

In a recent series including 19 patients treated with
Neuroform-assisted embolization significant difficulty
was encountered while attempting to deploy the stent.
In two of them the stabilizer and microwire were
removed and the stents were extruded by other means
(0.016-inch coil pusher). As a result, suboptimal stent
positioning after deployment was reported in three
instances (15). We did not experience any inaccurate
deployment, but in one patient we were unable to
navigate the stent to the desired position. This aneu-

FIG 4. Case 3.
A, Left carotid angiogram obtained after deployment of Neuroform stent shows broad-necked aneurysm originating from the lateral

wall of the internal carotid artery at the level of ophthalmic artery.
B, Advancement of the first coil in to the aneurysm through interstices of the stent.
C, Total occlusion of the aneurysm is seen on postembolization anteroposterior left carotid angiography.
D, On lateral view, ill-defined filling defects consistent with significant amount of fresh thrombus is seen within the stented segment

of the left internal carotid artery proximal to aneurysm. Partial and complete lysis of the clot is seen on angiograms obtained 15 minutes
(E) and 24 hours (F) after starting the intravenous abciximab protocol.
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rysm was coiled subsequently by using only a balloon
remodeling technique. Although the stent’s radial
force is less than that of stents designed for use in
atherosclerotic disease, it was, in general, sufficient to
confine coils within the aneurysm lumen. In one case,
although the neck of the aneurysm was covered with
stent, protrusion of the first coil could not be pre-
vented (Fig 2). In this particular case, aneurysm dome
and neck size were both 4 mm and unfavorable ori-
entation of the stent struts across the neck may result
in insufficient support for small coils. In our series
there are five more aneurysms that are similar in size
(dome size 5 mm or less). In three of them, balloon
protection was found to be necessary. We believe the
size of the aneurysm and the first coil play a major
role. One should be aware that risk of coil protrusion
through the stent would be higher if the first coil size is
�4 mm.

The combination of stent placement with balloon
remodeling has been described elsewhere (16). Basi-
cally, there are two main indications for additional
use of balloon. Neuroform stent may sometime be
insufficient to confine coils in an aneurysm because of
open cell structure and the low radial force. Low
visibility of the stent struts and inability to achieve a
working projection adequate to ensure that coils were
not herniating through the stent also make the bal-
loon protection necessary. In 11 of our patients, we
attempted to employ this technique during coil place-
ment. A soft, compliant balloon was used in all cases
(Hyperglide, Micro Therapeutics, Irvine, CA). In one
instance, navigation of the balloon across the aneu-
rysm neck could not be achieved. In one case, during
the first inflation of the balloon, the aneurysm or
vessel ruptured but the direct relationship between
the presence of stent and rupture could not be de-
fined. No similar event had occurred in remaining
nine cases in which the stent balloon remodeling tech-
nique were applied.

Adverse events in our series can be grouped in two
categories: thrombotic ischemic and hemorrhagic. An
ipsilateral putaminal hemorrhage (9 days after the
SAC), a groin hematoma, and vessel rupture leading
to SAH in two instances constitute hemorrhagic com-
plications. Although the putaminal hemorrhage oc-
curred in the subacute phase and was not directly
related to the procedure, posttreatment dual antiplate-
let therapy might have been a precipitating factor.

Four patients suffered neurologic deficits because
of procedure-related thromboembolic events. In two
of these cases, ocular ischemic symptoms occurred,
leading to loss of vision in one eye and a retinal
transient ischemic attack in the other patient. Propa-
gating thrombus from the aneurysm into the ophthal-
mic artery likely explains these events. The single
mortality in our series resulted from a late subacute
thromboembolic complication occurred in a patient
with recurrent basilar tip aneurysm treated with two
Neuroform stents, One patient with a fusiform right
posterior cerebral artery aneurysm developed a small
occipital infarct after parent artery and aneurysm
occlusion.

Thrombogenicity of the stent and precautions by
itself to overcome this problem such as anticoagula-
tion and pre- and postoperative antiplatelet therapy
are main causative factors for increased risk of stent-
assisted embolization. Therefore, adjustment of coag-
ulation status of the patient during and after the
procedure plays a major role. There are controversial
reports about benefit of the dual antiplatelet therapy
(17, 18). In our practice, dual antiplatelet therapy
(ASA and clopidogrel) is given for 3–7 days before
the treatment of unruptured aneurysms. For acutely
ruptured aneurysms, antiplatelet treatment is not in-
stituted until the aneurysm is coiled. Our posttreat-
ment regimens generally consist of 4-week continua-
tion of the dual therapy and then lifelong ASA, unless
this is contraindicated. During the procedure, antico-
agulation is maintained by heparin infusion aiming
for elevation of the ACT to 2–2, 5 times the baseline
value. We believe antiplatelet and anticoagulation
therapy should be tailored according to the results of
ongoing researches.

Preliminary experiences reported in the literature
indicate that glycoprotein IIB/IIIA inhibitors such as
abciximab are useful agents for treatment of throm-
botic complication during neuroendovascular inter-
ventions. Although several case series were reported
with different regimens, we believe more extensive
clinical experience is needed to validate the safe use
of glycoprotein IIB/IIIA inhibitors and to define op-
timal dose and delivery method (19, 20). Currently we
use a low-dose intravenous regimen (30 �g/kg intra-
venous bolus followed by 10 �g/kg/h infusion for 12
hours). In two cases, bolus doses were given intraar-
terially through the microcatheter. No intracranial
hemorrhagic complication related to this regimen was
observed. Prophylactic use of abciximab has been
reported (14) for stent placement of complex intra-
cranial atherosclerotic lesions, but we believe it is not
justified for SAC procedures.

In our series, the overall rates of adverse events and
procedure-related morbidity causing permanent neu-
rologic deficit were 25% and 9.3%, respectively. Four
incidents of thromboembolic complication (two of
them subclinical), six groin or retroperitoneal hema-
tomas (four of them required transfusion), and one
hypertensive hemorrhage were reported by Fiorella
et al (15). Two procedure-related deaths (10.5%)
occurred in their patient group.

Although the rate of complication resulting perma-
nent neurologic deficit was reported to be between
0% and 4.5% with balloon-assisted embolization for
wide-necked aneurysms, the results of large cohorts
revealed higher morbidity (7%) for endovascular
treatment, even for unruptured aneurysm without un-
favorable morphologic selection (21–23). As ex-
pected, complication rates for the ruptured aneu-
rysms are much higher; 23.7% of patients allocated to
endovascular treatment were reported as dependant
or dead at the first-year follow-up of the International
Subarachnoid Aneurysm Trial (2). Our rate of com-
plication resulting in permanent neurologic deficit
was comparable to the results of unruptured aneu-
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rysm cohort. Most of our complicated cases were
treated during the first half of our experience period
with Neuroform. We believe the SAC procedure will
be safer after a learning-curve period.

Stent placement and coiling was performed in two
stages in 14 cases. Although we have not experienced
any inadvertent movement of a stent during catheter-
ization of the aneurysms when the procedure is done
at a single sitting, we believe that, in some instances,
a staged treatment offers some advantages. These
include shortening of the procedure, lower contrast
medium load, and the healing of any minor endothe-
lial injury that might have occurred during stent po-
sitioning and deployment. A similar approach was
used in one-third of the patients treated with SAC
reported by Lylyk et al (14).

Conclusion
The Neuroform stent is a new endovascular tool for

the treatment of wide-necked aneurysms not amena-
ble to coil embolization alone. Delivery of the stent to
the desired location is easy and accurate, but we
experienced deployment difficulties with 2F stabilizer
catheter of both first- and second-generation stent
delivery systems. Because of its thin filaments and
highly porous design, no adverse effect on parent
vessel such as intimal hyperplasia, stenosis, or occlu-
sion was observed, but longer follow-up examinations
are required to support early observations. Well-ad-
justed antiplatelet and anticoagulation treatment is
crucial because of thrombogenic properties inherent
to the stent. Although the need for several technical
improvements in the Neuroform stent is evident, it
offers a therapeutic alternative in the treatment of
wide-necked and complex aneurysms.

References
1. Linn FH, Rinkel GJ, Algra A, van Gijn J. Incidence of subarach-

noid hemorrhage: role of region, year, and rate of computed to-
mography: a meta-analysis. Stroke 1996;27:625–629

2. Molyneux A, Kerr R, Stratton I, et al. International Subarachnoid
Aneurysm Trial (ISAT) of neurosurgical clipping versus endovas-
cular coiling in 2143 patients with ruptured intracranial aneu-
rysms: a randomised trial. Lancet 2002;360:1267–1274

3. Moret J, Cognard C, Weill A, et al. Reconstruction technic in the
treatment of wide-neck intracranial aneurysms: long-term angio-
graphic and clinical results apropos of 56 cases. J Neuroradiol 1997;
24:30–44

4. Cloft HJ, Joseph GJ, Tong FC, et al. Use of three-dimensional
Guglielmi detachable coils in the treatment of wide-necked cere-
bral aneurysms. AJNR Am J Neuroradiol 2000;21:1312–1314

5. Malek AM, Higashida RT, Phatouros CC, et al. Treatment of an
intracranial aneurysm using a new three-dimensional-shape

Guglielmi detachable coil: technical case report. Neurosurgery 1999;
44:1142–1144; discussion 1144–1145

6. Szikora I, Guterman LR, Wells KM, Hopkins LN. Combined use of
stents and coils to treat experimental wide-necked carotid aneurysms:
preliminary results. AJNR Am J Neuroradiol 1994;15:1091–1102

7. Turjman F, Massoud TF, Ji C, et al. Combined stent implantation
and endosaccular coil placement for treatment of experimental
wide-necked aneurysms: a feasibility study in swine. AJNR Am J
Neuroradiol 1994;15:1087–1090

8. Higashida RT, Smith W, Gress D, et al. Intravascular stent and
endovascular coil placement for a ruptured fusiform aneurysm of
the basilar artery: case report and review of the literature. J Neu-
rosurg 1997;87:944–949

9. Mericle RA, Lanzino G, Wakhloo AK, et al. Stenting and second-
ary coiling of intracranial internal carotid artery aneurysm: tech-
nical case report. Neurosurgery 1998;43:1229–1234

10. Sekhon LH, Morgan MK, Sorby W, Grinnell V. Combined endo-
vascular stent implantation and endosaccular coil placement for
the treatment of a wide-necked vertebral artery aneurysm: techni-
cal case report. Neurosurgery 1998;43:380–383; discussion 384

11. Lownie SP, Pelz DM, Fox AJ. Endovascular therapy of a large
vertebral artery aneurysm using stent and coils. Can J Neurol Sci
2000;27:162–165

12. Barras CD, Myers KA. Nitinol: its use in vascular surgery and
other applications. Eur J Vasc Endovasc Surg 2000;19:564–569

13. Raymond J, Roy D. Safety and efficacy of endovascular treatment
of acutely ruptured aneurysms. Neurosurgery 1997;41:1235–1245;
discussion 1245–1236

14. Lylyk P, Cohen JE, Ceratto R, et al. Endovascular reconstruction
of intracranial arteries by stent placement and combined tech-
niques. J Neurosurg 2002;97:1306–1313

15. Fiorella D, Albuquerque FC, Han P, McDougall CG. Preliminary
experience using the Neuroform stent for the treatment of cerebral
aneurysms. Neurosurgery 2004;54:6–16; discussion 16–17

16. Molyneux AJ, Cekirge S, Saatci I, Gal G. Cerebral Aneurysm
Multicenter European Onyx (CAMEO) Trial: results of a prospec-
tive observational study in 20 European centers. AJNR Am J Neu-
roradiol 2004;25:39–51

17. Leon MB, Baim DS, Popma JJ, et al. Stent anticoagulation reste-
nosis study investigators: a clinical trial comparing three anti-
thrombotic-drug regimens after coronary artery stenting. N Engl
J Med 1998;339:1665–1671

18. Albiero R, Hall P, Itoh A, et al. Results of a consecutive series of
patients receiving only antiplatelet therapy after optimized stent
implantation: comparison of aspirin alone versus combined ticlo-
pidine and aspirin therapy. Circulation 1997;95:1145–1156

19. Mounayer C, Piotin M, Baldi S, Spelle L, Moret J. Intraarterial
administration of abciximab for thromboembolic events occurring
during aneurysm coil placement. AJNR Am J Neuroradiol 2003;24:
2039–2043

20. Song JK, Niimi Y, Fernandez PM, et al. Thrombus formation
during intracranial aneurysm coil placement: treatment with intra-
arterial abciximab. AJNR Am J Neuroradiol 2004;25:1147–1153

21. Cottier JP, Pasco A, Gallas S, et al. Utility of balloon-assisted
Guglielmi detachable coiling in the treatment of 49 cerebral aneu-
rysms: a retrospective, multicenter study. AJNR Am J Neuroradiol
2001;22:345–351

22. Nelson PK, Levy DI. Balloon-assisted coil embolization of wide-
necked aneurysms of the internal carotid artery: medium-term
angiographic and clinical follow-up in 22 patients. AJNR Am J
Neuroradiol 2001;22:19–26

23. Wiebers DO, Whisnant JP, Huston J 3rd, et al. International Study
of Unruptured Intracranial Aneurysms Investigators: unruptured
intracranial aneurysms: natural history, clinical outcome, and
risks of surgical and endovascular treatment. Lancet 2003 12;362:
103–110

AJNR: 26, May 2005 SELF-EXPANDABLE STENT-ASSISTED COILING 1231


