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deficit. The Neuroform neurovascular stenting
system is a safe and effective adjunct for the
stent-assisted coil occlusion of wide necked in-
tracranial aneurysms. The major advantages of
this device are its self-expanding property and
very high flexibility which allows safe naviga-
tion, easy sizing, as well as accurate positioning
of the stent while providing sufficient bridging
of the aneurysm neck for subsequent coil place-
ment.

Introduction

During the last decade the endovascular oc-
clusion of saccular intracranial aneurysms with
electrolytically detachable platinum coils de-
veloped to a safe and effective treatment alter-
native 14,31. In aneurysms with a neck diameter
of more than 4 mm or with a neck to fundus ra-
tio ≥ 1:2 both the immediate risk of thrombo-
embolic complications or coil herniation into
the parent vessel during the procedure is in-
creased and the probability of permanent oc-
clusion of the aneurysm is reduced 15,36. Coil oc-
clusion of these wide necked aneurysms can be
facilitated either by temporary balloon occlu-
sion of the parent vessel at the site of aneurysm
origin during coil insertion (remodeling) 22, or
by the use of coils with a spherical configura-
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tion (3D) 3, or by using the dual catheter tech-
nique in order to stabilize the coil pack inside
the aneurysm with a coil retention device
(TriSpan) 30.

A different concept is based on the creation
of an artificial boundary between the parent
vessel and the aneurysm by bridging the
aneurysm origin with a porous stent and subse-
quently filling the aneurysm with coils 5. Until
now balloon expandable stainless steel stents
were the only available option for this purpose.
This method proved to function well in selected
cases 8,9, 11,15-17,25,34. The expansion of a balloon in an
intracranial vessel is, however, associated with a
considerable risk of dissection and/or rupture
of the parent vessel 35. Even in the case of accu-
rate sizing of balloon and stent according to the
diameter of the vessel concerned, displacement
and straightening of this vessel during balloon
inflation can hardly be avoided. The potential
hazard related to sizing and inflation injury can
theoretically be avoided by the use of a self-ex-
pandable micro stent.

Until now self-expandable nitinol stents were
available for peripheral, coronary and supra-
aortic vessels. Recently, a self-expandable mi-
crostent using a microcatheter based delivery
system was developed and became available for
multicentered clinical trials after extensive
bench top and animal studies. Here we report
on our first clinical experiences with this self-
expandable microstent for the treatment of
wide necked intracranial aneurysms.

Device and Procedure

The Neuroform neurovascular stenting sys-
tem has been developed and produced by
SMART Therapeutics (San Leandro, Califor-
nia, USA). The device consists of three compo-
nents: the self-expanding neurovascular stent, a
3F stent delivery microcatheter, and an over-
the-wire stabilizer (figure 1).

The stent is comprised of six to eight con-
nected cells. These cells are designed in a way
that exploits a shape-memory-effect. The stent
is currently available in 3 (3.75), 3.5 (4.25), 4
(4.75) and 4.5 (5.25) mm nominal diameters
(numbers in parentheses indicate the maximum
diameter of the stent in mm in an unrestrained
condition) and in 15 mm as well as 20 mm nom-
inal lengths. The stent struts are essentially radi-
olucent. The stent has four radio-opaque mark-

ers on each end (distal and proximal). In the
unexpanded state, these markers denote the
position of the stent within the microcatheter
delivery system. As the stent is deployed, the
markers move apart. When the stent is fully ex-
panded, the markers denote the outer diameter
of the expanded stent within the parent vessel.
The self-expanding stent is packaged pre-
loaded into the microcatheter delivery system.
The stent delivery catheter has an outer diame-
ter of 0.39” and an inner diameter of 0.26”. The
distal tip of the stent catheter carries a radio-
opaque marker. The stent delivery catheter is
compatible with .050” ID and larger introduc-
ing catheters. It has a see-through distal tip and
is packaged with a peel away micro sleeve posi-
tioned within the central lumen of the stent for
aiding in the passage of a guidewire through
the stent. The stabilizer is essentially a second
microcatheter with an outer diameter of 0.25”
and an inner diameter of 0.17”. The stabilizer
has one radio-opaque marker at the distal tip.
The resulting inner diameter of the whole sys-
tem (i.e., mounted stent, stent catheter and sta-
bilizer) accepts a 0.014 inch guide wire. Both
stent catheter and stabilizer are equipped with
a luer lock hub, which allows continuous flush-
ing of both lumina during insertion of the sys-
tem.

The device is assembled in the sterile field
prior to use by inserting the stabilizer into the
proximal end of the microcatheter containing a
preloaded stent. The stent loaded micro-
catheter and stabilizer assembly is positioned
in the intra-cranial vasculature over an ex-
change length .014” guidewire. The peel-away
introducer sleeve facilitates back loading the
assembly over the guidewire. Prior to deploy-
ment, the stabilizer’s distal tip is positioned ad-
jacent to the proximal end of the stent. The mi-
crocatheter is then retracted, while the stabiliz-
er holds the stent stationary, relative to the pa-
tients’ anatomy. This maneuver deploys the de-
vice across the target lesion, by unsheathing the
self-expanding stent.

Material and Methods

A multicenter prospective study was de-
signed to evaluate the safety and performance
of this self expanding micro-stent during the
stent-assisted coil occlusion of wide necked in-
tracranial aneurysms. The inclusion criteria re-
quired the target lesion to be a wide necked,



Interventional Neuroradiology 8: 107-119, 2002

109

Through the 6 F guiding catheter a 0.014” mi-
crocatheter was placed coaxially beyond the lo-
cation of the aneurysm. Subsequently the mi-
crocatheter was exchanged over a 300 cm
0.014” guidewire. Then the stent delivery sys-
tem was introduced over this guidewire with
continuous pressurized flushing with he-
parinized saline solution. The stent delivery
system was advanced until the aneurysm neck
was bridged by the stent as defined by the posi-
tion of its radio-opaque distal and proximal
markers. In case of tortuous parent vessels the
stent was deployed by advancing the delivery
system beyond the aneurysm and subsequently
slowly pulling back while unsheathing the stent
to bridge the aneurysm neck. After full expan-
sion of the distal marker bands further un-
sheathing continued from a distal to proximal
direction in order to ensure that the stent con-
formed ideally to the contour of the parent ves-
sel.

After stent deployment the delivery system
and guidewire were removed. Subsequently a
dual marker microcatheter was introduced
over a guidewire to the aneurysm neck. Atten-
tion was paid to ensure an atraumatic crossing
of the proximal stent markers. The aneurysm
fundus was accessed through the stent inter-
stices in order to allow the introduction of elec-
trolytically detachable coils. Initial basket for-
mation was achieved by using a variety of coil
geometries including GDC 3D (Target Thera-
peutics, San Jose, CA, USA) as well as TriSpan
coil configurations (Target Therapeutics, San

Figure 1 Schematic drawing of the Neuroform stent device.

ruptured or unruptured saccular intracranial
aneurysm. A wide neck was defined as a dome-
to-neck ratio of < 2 and/or a neck length of ≥ 4
mm, not exceeding a neck diameter of 12 mm.
The diameter of the parent vessel was required
to be in the range of 1.5 - 5.5 mm. All measure-
ments were based on pretreatment digital sub-
traction angiograms.

The German institutional review boards of
Freiburg and Essen approved the study proto-
col. All patients signed informed consent. From
August through November 2001, we enrolled
18 patients with wide necked saccular intracra-
nial aneurysms. There were one male and 17 fe-
male patients; the age range was 35 to 79 years.
Demographic data, clinical presentation, and
procedural details are shown in table 1.

Treatment Methods

Medical pretreatment was initiated at least
one day prior to the procedure with 300 - 500
mg of aspirin and 225 mg of clopidogrel or 500
mg of ticlopidine. All patients were treated un-
der general anesthesia. A bolus of 5,000 IU of
heparin was administered after the insertion of
a 90 cm 6 F introducer sheath and 1,000 IU of
heparin was given every hour during the proce-
dure.

We used a biplane DSA system (Neurostar,
Siemens) and defined two working projections,
one which best portrayed the parent vessel for
stent placement and one which optimally
showed the aneurysm neck for coil placement.
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Jose, CA, USA). EDC supersoft and fibered
coils (Dendron, Bochum, Germany) were used
to optimize a dense coil packing. We attempted
to completely fill the aneurysm sac by coiling
down to the aneurysm neck, which was defined
by the interface created by the stent within the
parent vessel.

After immediate post-treatment control an-
giography, instrumention was removed and he-
mostasis achieved. Post-procedure, patients
were maintained on full heparinization for at
least 24 hours. Antiplatelet therapy was contin-
ued for 30 days using both aspirin and clopido-
grel or ticlopidine. Thereafter only aspirin was
administered.

In the current protocol, follow-up clinical
and angiographic evaluations are scheduled at
six months post treatment.

Stent Sizing and Guidewire Selection

Unlike balloon expandable stents, accurate
diameter sizing of the parent vessel is not criti-
cal to the safe deployment of the self-expand-
ing micro-stent Neuroform. In general the self-
expanding micro-stent diameter chosen should
be at least 0.5 - 1 mm larger than the target ves-
sel. The ability to access the target location with
the stent delivery system was relatively inde-
pendent of stent length and diameter. There-
fore, the selection of stent length ensured a
minimum of 5 mm proximal and distal overlap
of the aneurysm neck.

The combination of this overlap and the self-
expanding nature of the stent were adequate to
anchor the device properly at the target loca-
tion. To facilitate access to the target location
with the stent delivery system, the exchange
length micro-guidewire characteristics should
minimize distal stiffness and maximize flexibili-
ty. High support exchange guidewire systems
actually hinder smooth delivery by straighten-
ing the parent vessel and adding friction to the
system.

Evaluation Procedure

The treatment results were evaluated on the
basis of pre-treatment digital subtraction an-
giograms, procedural technical device perfor-
mance, as well as post-treatment control digital
subtraction angiograms.

Aneurysm and parent vessel dimensions
were established based on calibrated external

fiducial markers. Device performance evalua-
tion was based on a discrete grading scale from
1 - 5 of the following parameters: ability of the
stent delivery system to track over the
guidewire, maneuver through tortuous vessel
anatomy, stent positioning accuracy at target
location, ease and accuracy of stent deploy-
ment, ease of placement of the microcatheter
through the stent interstices, ease of coil de-
ployment into the aneurysm, ability of the stent
to prevent coil herniation into the parent ves-
sel, overall system reliability and performance,
and the ability of the stent to simplify
aneurysm treatment.

Post-treatment angiograms were evaluated
for degree of aneurysm occlusion, presence of
stent associated thrombus, and presence of par-
ent vessel dissection or coil herniation. The de-
termination of the degree of aneurysm occlu-
sion was based on a three-tiered scale com-
posed of a rating of 100% indicating complete
occlusion, 95-99% indicating subtotal occlusion
with residual neck or dome remnant or minor
contrast opacification of coil interstices, less
than 95% indicating only partial aneurysm oc-
clusion. An independent interventional neuro-
radiologist double read all anatomic measure-
ments, post-treatment angiographic evaluations
and determination of percent aneurysm occlu-
sion.

Device Sources

Guiding catheters used were 6 F, 90 cm
Cordis Envoy (Cordis Neurovascular, Miami
Lakes, FL, USA). Microguidewires used were
0.014”, 300 cm Choice PT extra support
(Boston Scientific Corporation, Natick, MA,
USA), 0.014”, 300 cm Luge moderate support
(Boston Scientific Corporation, Natick, MA,
USA), 0.014”, 300 cm Synchro (Precision Vas-
cular Systems, West Valley City, UT, USA). Mi-
crocatheters used were Excel14 and Excelsior
14 (Target / Boston Scientific Corporation,
Natick, MA, USA), Prowler14 (Cordis Neu-
rovascular, Miami, FL, USA). Intracranial
stents used were Neuroform neurovascular
stenting system (Smart Therapeutics Inc., San
Leandro, CA, USA). Electrolytically detach-
able coils used were mainly EDC I and II sys-
tems (Dendron GmbH, Bochum, Germany) as
well as GDC 3D and TriSpan Coils (Target
Therapeutics / Boston Scientific Corporation,
Natick, MA, USA).
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Results

The clinical characteristics and procedural
outcome data of each patient, details of angio-
architecture, treatment, safety and functionality
of the Neuroform stent device are summarized
in table 1.

Six out of 18 treated aneurysms were inci-
dental findings, five aneurysms had caused clin-
ical symptoms due to their space occupying ef-
fect and seven aneurysms had previously rup-
tured. Only one of the ruptured aneurysms was
treated during the acute phase after subarach-
noid hemorrhage.

Stent assisted coil occlusion was the first
treatment in seven aneurysms. Eleven patients
had failed prior treatment attempts: previous
coil occlusion was followed by coil compaction
and recurrent contrast opacification of the
aneurysm requiring retreatment in eight pa-
tients; failed clipping with subsequent coil oc-

clusion and coil compaction in one patient,
failed clipping with subsequent wrapping in
one patient, and failed coiling attempt in one
patient.

The 18 treated aneurysms were located as
follows: carotid cavernous (three), carotid
paraophthalmic (three), carotid / posterior
communicating artery (seven), carotid bifurca-
tion (one), anterior cerebral artery (one), mid-
dle cerebral artery (one), vertebral artery
(one), basilar artery (one). The neck diameter
was ≥ 4 mm in 12 aneurysms. In those six
aneurysms with a neck width of less than 4 mm
the dome-to-neck ratio was ≤ 1.5. The diameter
of the parent vessel ranged between 2.4 and 4.8
mm. According to the diameter of the parent
vessel and the aneurysm neck characteristics,
stents of the following sizes were deployed: 3.5
x 15 (2), 3.5 x 20 (1), 4.5 x 20 (15), 4.5 x 15 (3).

Two patients were enrolled but excluded
from the study. In one patient there was a wide

Figure 2 Wide-necked, incidental aneurysm of the left A1
segment (A). The aneurysm was bridged with a Neuroform
stent and subsequently occluded with coils (B). The unsub-
tracted image (C) shows the position of the radio-opaque
stent markers in the ICA bifurcation and in the A1 segment.

A B

C
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1 13/8 H.B 65 F Mass effect Failed clipping Right carotid 6,2 15,6 2,5 2,7 3,7 4.5 x 15 Luge 3hrs 30min
03-002 with visual prior coiling with opthalmic 20 40min

symptoms coil compaction
2 15/8 GD 66 F Mass effect Coil Tx with Right carotid 6,0 7,1 1,2 4,2 4,2 4.5 x 9 Luge 2hrs 10min

03-003 with headache coil cavernous 15min
compaction 20

3 5/9 D.T 63 F Incidental None Left posterior 3,9 3,9 1,0 3,3 3,9 4.5 x 7 Luge 4hrs 7min
03-004 comm 15 25min

4 7/9 U.J 48 F SAH Coil Tx 1993 with Right posterior 3,2 3,9 1,2 3,4 3,5 4.5 x 20 6 Luge 3hrs 10min
03-005 in 1993 coil compaction comm 4.5 x 20 55min

5 11/09 G.L 35 F SAH Coil Tx Right 2,5 2,5 1,0 3,1 4,3 4.5 x 20 2 Luge 2hrs 19min
03-006 august 1999 sep 1999 with posterior 30min

coil compaction comm
6 12/9 I.M 68 F Mass effect Failed surgery, Carotid 7,1 15,7 2,2 2,9 3,6 4.5 x 20 13 Luge 2hrs 25min

03-007 with visual wrapping only bifurcation 10min
symptoms right

7 13/9 B.M 79 F Mass effect None Right 10,7 16,7 1,6 3,6 4,2 NA NA NA NA NA
03-008 with visual carotid

symptoms opthalmic

8 14/09 C.M 59 F Acute SAH None Left 4,4 5,1 1,2 3,9 3,8 4.5 x 20 6 Luge 2hrs 16min
03-009 2 days prior carotid 45min

to treatment cavernous
grade1, GCS15

9 18/09 A.E 44 F Incidental Failed attempt Right carotid 2,1 2,4 1,1 3,6 4,1 4.5 x 20 3 Luge 5hrs 5min
03-010 at coiling opthalmic 5min

10 19/09 M.S 60 F SAH Coil Tx in 2000 with Left posterior 6,6 5,2 0,8 3,3 4,6 4.5 x 20 6 Luge 3hrs 5min
03-011 July1999 coil compaction comm 40min

11 20/09 C.F 71 F Mass effect Coiling procedure Left posterior 3,7 5,5 1,5 2,4 3,8 4.5 x 20 NA Luge NA NA
03-012 with visual in oct 94 with comm

symptoms coil compaction
12 02/10 E.H 47 F Incidental None Right posterior 3,7 4,1 1,1 4,4 4,6 4.5 x 15 2 Luge 2hrs 6min

03-013 comm 8min
13 04/10 F.R. 74 F SAH Coil Tx 1997, Left posterior 5,8 8,7 1,5 3,5 3,1 4.5 x 15 3 PVS 4hrs

03-014 in 1997 coil compaction comm. 4.5 x 20 55min 3min

14 05/10 C.V.K 39 F Incidental None Right MCA 5,9 9,8 1,7 3,9 2,4 4.5 x 20 10 PVS 4hrs 3min
03-015 15min

15 06/10 D.G 58 M Incidental None Right vertebral 12,0 20,0 1,7 4,0 4,8 4.5 x 20 12 PVS 8hrs 5min
03-016 3.5 x 20

16 31/10 A.S 61 F SAH Coil Tx with Midline basilar 6,7 10,4 1,6 3,0 3,7 3.5 x 15 11 PVS 1hrs 5min
03-017 in 1995 coil compaction trunk 15min

17 02/11 R.B 66 F Incidental None Left anterior 4,8 5,2 1,1 2,6 3,9 3.5 x 15 6 PVS 2hrs 5min
03-018 cerebral artery 35min

18 7/8 H.B 63 F CCF Coil Tx 1995 Right carotid 7,3 10,0 1,4 3,7 4,3 4.5 x 20 26 PVS 5hrs 5min
5/11 03-001 with coil compaction cavernous 30min
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None Yes 5 95 Vasospasm, transient mild Discharged There was difficulty in deploying the stent
left arm weakness home due to the extreme tortuosity of the vessel,

but the stent was deployed at the desired position.
None Yes 5 95 None Discharged Stent was deployed with ease. The last coil got tangled within the

home interstices of the stent due to the unique angle of the aneurysm in
relation to the vessel. The coil was untangled with relative ease.

None Yes 5 95 None Discharged to Access was fine.
rehab hospital

None Yes 4 100 Embolic stroke. Right Discharged to First stent deployes without any issues. The 6th coil pushed a coil
temporal pole intra-parenchymal rehab hospital out into the vessel hence second stent deployed without wire.

hematoma likely due to vessel The coil is kept in position now with the second stent.
perforation with microguidewire

None Yes 5 100 None Disharged Two stents were deployed as first coil herneated into the parent vessel.
home Second stent deployed  to press this coil against the parent vessel.

NA N/A 5 95 One day post-op right basal Discharged to Stent placed without problem.
ganglia ischemia with mild rehab hospital

hemiparesis
None Yes NA NA None Discharged The patient was excluded from the trial due to failure of micro-

home catherization of parent vessel beyond this giant aneurysm.
Patient was treated by dual tri-span assisted coiling with less than 95%

occlusion and residual neck present.
None Yes 5 100 None Discharged Distal tip of stent deployed in the

back to opthalmic artery due
referring to operator error.
hospital

None Yes 5 100 Small embolic lesion in the Discharged First stent deployed but their was coil herniation and in an attempt to
right hemisphere with mild home snare it the snare got fixed to the stent. The first stent was pulled out

transient deficit: transient fever and a new stent deployed .
None Yes 5 95 None Discharged Stent deployed and 6 coils placed without any issues.

home
None Yes 5 NA Access site hematoma Discharged Due to severe tortuosity of the aortic arch adequate proximal support

and vasospasm home was not possible. 8F guide kinked. Carotid puncture would have been
necessary which is not in protocol. Therefore patient excluded from trial.

None Yes 5 100 None Discharged Stent deployment was done with ease and there were no 
home issues in positioning of the stent .

None Yes 5 95 Access site hematoma, Discharged to Left vert. Origin stenosis treated with Wallstent and PTA with Speedy
generalized confusion, rehab hospital balloon. Then two stents deployed across aneurysm neck. 12 mm

no stroke on CT Trispan was deployed through mesh of 2 stents and GDC introduced
through 2nd microcatheter. Stents used to cover aneurysm neck.

Trispan used to protect PICA origin at base of aneurysm.
None Yes 5 95 Mild transient ischemia Discharged Three trispans and 7 coils were used.

home A precision vascular wire was used to gain access.
None Yes 5 100 None Discharged Three stents were deployed.

home Long procedure and a very interesting case.
Please look at details in procedure report.

None Yes 5 100 None To be Second stent used but not deployed.
discharged

None Yes 5 95 None To be None.
discharged

None Yes 5 100 None Discharged Stent very effective at recreating lateral wall of carotid.
home At initial treatment, the stent was inadvertently deployed proximal to 

aneurysm neck; patient was subsequently successfully retreated.
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necked paraophthalmic aneurysm of the con-
vex curve of the ICA in continuation of the ax-
is of the cavernous segment. This anatomy pre-
vented safe distal catheterization of the parent
vessel even prior to stent insertion. The other
patient had extreme tortuosity of the aortic
arch, which resulted in recurrent kinking of the
guide catheter and hampered the navigation of
the stent delivery catheter, and direct puncture
of the internal carotid artery was not allowed in
the study protocol. Three patients had more
than one Neuroform stent deployed in the par-
ent vessel. Additional measures after Neuro-
form stent deployment such as balloon-ex-
pandable stents and balloon remodeling and
parent vessel occlusion were not necessary in
any enrolled patient.

The total procedure time and to a lesser ex-
tent the stent deployment time were largely in-
fluenced by anatomical details, the shortest to-
tal procedure time being 75 minutes. Endovas-
cular coil insertion after stent deployment
achieved an occlusion rate of 95% in eight pa-
tients and 100% in eight patients. The number
of coils necessary to occlude the aneurysm
ranged from two to 26. It was observed that the
stent deployment significantly facilitated the
aneurysm treatment in all 16 patients.

In 11 patients no technical or clinical compli-
cations occurred. No adverse event directly re-
lated to the Neuroform stent was encountered
in the study. Three patients experienced ad-
verse events related to guidewire manipulation,
two patients experienced vasospasm, one of
which had associated transient arm weakness,
another patient suffered a parenchymal
hematoma. Distal embolism evident from dif-
fusion weighted MRI was encountered in three
patients, associated with a hemiparesis in one
patient and transient focal deficits in two pa-
tients. One patient experienced prolonged
post-procedural confusion without evidence of
cerebral infarction.

The following cases illustrate the use of the
Neuroform neurovascular stenting system in
stent assisted coiling of wide neck aneurysms.

Illustrative Cases

Case 1 RB-03-018 

During the work-up for recurrent headache,
an incidental aneurysm arising from the left A1
segment (fundus and neck about 5 mm) was

found in this 66 year-old-patient (figure 2A).
Under general anesthesia a 90 cm 6F Envoy
guiding catheter was inserted into the left ICA.
The left ACA was catheterized with a micro-
catheter (RapidTransit) and a Synchro 0.014”
microguidewire was exchanged into the distal
ACA. Over this wire a Neuroform stent (3.5
mm x 15 mm) was introduced and deployed
from the A1 segment to the distal segment of
the ICA. Leaving the guidewire in place in or-
der to stabilize the deployed stent, the stent
catheter and the stabilizer were removed.
Through the same guiding catheter, a Prowler-
10 microcatheter was introduced. The
aneurysm was subsequently catheterized with-
out difficulty and occluded with six electrolyti-
cally detachable coils. The initial coil was a 3
mm GDC 3D Tracker-10. With the aneurysm
about 95% occluded (figures 2B,C), the patient
was discharged asymptomatic.

Case 2 CVK-03-015 

This 39-year-old woman had an incidental
aneurysm of the right MCA bifurcation with a
10 mm fundus and a 6 mm neck. The patient re-
fused surgical clipping and was therefore re-
ferred for endovascular treatment. Under gen-
eral anesthesia the right ICA was catheterized
with a 90 cm 6F Envoy. On the inferior division
of the MCA, a second small aneurysm with 1-2
mm diameter was found. A Synchro 0.014” mi-
cro guidewire was positioned distally within the
MCA and a Neuroform stent was deployed
from the inferior division of the MCA distally
to the M1 segment proximally. A RapidTransit
microcatheter was used to catheterize the
aneurysm. During the subsequent insertion and
electrolytic detachment of seven EDC II coils,
herniation of coil loops towards the superior
division of the MCA, which was not protected
by a stent, was noted. A total of three TriSpan
coils were used to reposition these displaced
coil loops. To reposition coil loops away from
the MCA bifurcation, the microcatheter was
pulled back to the level of the Neuroform stent
and the TriSpan coil was inserted and opened
in this position. With the TriSpan wings fully
open, the microcatheter together with the
TriSpan was advanced forward pushing the coil
loops away from the origin of the superior divi-
sion of the MCA. Intermingling of the dis-
placed coil loops and the TriSpan wings al-
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lowed for proper repositioning of these loops.
During this part of the procedure it was evident
that the stent in the inferior MCA division pro-
vided significant stability for the TriSpan de-
vice. The final degree of aneurysm occlusion
was rated as 95%. The small aneurysm on the
inferior MCA division was no longer opacified
after stent deployment into the parent vessel.
Immediately after the treatment, a mild left
sided hemiparesis was observed, which re-
solved completely within the following 12 days.

Case 3 HB-03-001 

This 63-year-old woman presented in 1995
with chemosis and ocular bruit consistent with
a carotid-cavernous sinus fistula. Further evalu-
ation revealed a ruptured aneurysm, originat-
ing from the cavernous segment of the right
ICA. At the time of the first treatment, the ar-
teriovenous fistula was already thrombosed.
The remaining aneurysm had a fundus diame-
ter of about 12 mm and a neck width of 5 mm.
Due to the broad aneurysm neck incorporating
the lateral wall of the ICA in the cavernous
segment, densely packed coil occlusion of the
aneurysm was not possible. The patient did well
after initial treatment. Follow-up angiography
showed recurrent filling of the aneurysm due to
coil compaction (Fig. 4a). Stent-assisted coil-oc-
clusion was attempted to achieve better
aneurysm occlusion.

Under general anesthesia a 90 cm 6F Envoy
guiding catheter was introduced into the right
ICA. During insertion of a microcatheter into
the right MCA, significant difficulty was en-
countered due to the severe tortuosity of the
ICA. A Choice PT extra support 0.014” mi-
croguidewire was finally brought to the MCA.
A Neuroform stent (4.5 mm x 20 mm) was nav-
igated into the cavernous segment. Stent de-
ployment was hindered due to the very tortu-
ous ICA and the selection of too stiff a mi-
croguidewire. The stent was deployed just prox-
imal to the aneurysm origin. It was decided to
wait several weeks until a second treatment at-
tempt in order to allow for endothelialization
of the malpositioned stent.

Based on the experience from the use of bal-
loon expandable stents, it was decided to
straighten and enforce the proximal segment of
the right ICA, prior to stent assisted coiling, by
deploying self-expandable Carotid Wallstents.
Through an 8F BriteTip guiding catheter, a

Choice PT extra support 0.014” guidewire was
inserted into the petrous segment of the ICA.
A first Carotid Wallstent (7 mm x 50 mm) and
distal to this with some overlap a second
Carotid Wallstent (5 mm x 30 mm) were de-
ployed into the ICA. Subsequently, a Synchro
0.014” microguidewire was inserted into the
right MCA. Over this wire a Neuroform stent
(4.5 mm x 15 mm) was deployed without diffi-
culty across the aneurysm origin. The aneurysm
was then catheterized with a Prowler-10 micro-
catheter and completely occluded with 26 elec-

Figure 3 Wide-necked aneurysm of the right MCA bifurca-
tion and a small aneurysm originating from the inferior divi-
sion of the same vessel (A). Stent deployment from the M1
segment into the inferior division of the MCA and subse-
quent stent and TriSpan assisted coil occlusion of the MCA
bifurcation aneurysm resulted in complete occlusion of the
small M2 aneurysm and in subtotal occlusion of the MCA
bifurcation aneurysm (B).

A

B



Endovascular Coil Occlusion of Intracranial Aneurysms ... H. Henkes

116

trolytically detachable coils (EDC II) (figure
4B). The lateral wall of the ICA in the cav-
ernous segment was reconstructed by the mesh
of the Neuroform stent and served as an effec-
tive barrier preventing coil herniation into the
ICA and enabling dense coil packing of the
aneurysm volume. The procedure was well tol-
erated and the patient was discharged home
four days after treatment.

Discussion

Possible indications for the deployment of
microstents in intracranial vessels are the bal-
loon dilation of atherosclerotic stenoses 6, 11, 26,
endovascular occlusion of arteriovenous fistu-
lae 35, and stent assisted coil occlusion of wide
necked aneurysms 19, 20, 28, 29, 32, 33. Rare conditions
treatable by stent deployment are vessel dissec-
tions 1, 18, 21 and herniations of coil loops into the
parent vessel during coil occlusion of intracra-
nial aneurysms 4, 12. Stent-assisted coil occlusion
of wide necked intracranial aneurysm will be
the most frequently required procedure among
the above mentioned indications. Recent stud-
ies have shown a relatively high frequency of
neck remnants and recanalization of the
aneurysmal sac adjacent to the neck after en-
dovascular coil occlusion of wide necked
aneurysms 7.

Balloon remodeling 22 (i.e., temporary occlu-
sion of the parent vessel and the aneurysm
neck with a non-detachable balloon during
aneurysm coiling through a second micro-
catheter) has the obvious advantage of avoid-
ing a permanent intravascular implant and the
associated antiplatelet medication. The low-
pressure inflation of a soft balloon during the
remodeling procedure may cause less injury to
the vessel wall than balloon deployment of a
stent (4-6 atm). However, the risks associated
with transient interruption of blood flow within
the parent vessel during balloon remodeling
and the benefits of endovascular reconstruc-
tion at the site of aneurysm origin are strong
arguments in favor of stent assisted coil occlu-
sion.

Some authors achieved good results with
balloon expandable stent assisted coil occlu-
sion of intracranial aneurysms 11, while others
encountered significant complications related
to these devices 35, mostly due to dissection or
rupture of the parent vessel. Other concepts for

the treatment of wide necked intracranial
aneurysms based on the use of liquid embolic
agents 23, 27 or covered stents 24 have been pro-
posed, but are still experimental procedures.

The hemodynamic effect of a porous stent
bridging the neck of an aneurysm is insufficient
to alone induce thrombosis of the aneurysmal
sac 11. This is due in part to the high porosity of
available stents and required use of anticoagu-
lation as well as antiplatelet medication. How-
ever, stent-assisted coiling may allow for more
dense filling of an aneurysm with coils and a
stent mesh across the neck of an aneurysm may
change blood flow in such a way that coil com-
paction is prevented. Clearly, these remain the-
oretical considerations until long term outcome
data become available. With high porosity
stents however, the risk of stent induced occlu-
sion of lateral branches and perforating vessels
seems to be small 6, 10. Intimal hyperplasia with-
in several months 2 of balloon expandable stent
placement is rare but seems possible in the in-
tracranial vasculature 11.

Self-expandable microstents represent a new
alternative for the stent-assisted treatment of
wide necked aneurysms in order to prevent re-
canalization and to facilitate retreatment of re-
current aneurysms. From the results of our ini-
tial experiences with the Neuroform stent it ap-
pears that deployment and self-expansion do
not harm the wall of the parent vessel. The flex-
ibility of the Neuroform device enables access
to distal intracranial vessels, even in cases of
tortuous anatomy. In selected cases, straighten-
ing of tortuous supra-aortic vessels with self-
expandable carotid stents is of additional help.
In contrast to balloon expandable intracranial
stents, the maneuvering of the Neuroform stent
is excellent especially with soft and flexible mi-
cro guidewires. In addition, the use of the Neu-
roform stent does not require far distal ad-
vancement of the guidewire. We encountered
three guidewire-related complications (one
hematoma, vasospasm in two patients) in the
beginning of the study, before we recognized
this advantage of the Neuroform stent and de-
livery system. Based on the current experience
the Neuroform stent can safely be deployed as
distally as the MCA bifurcation over a soft,
flexible exchange length microguidewire.

The deployment of the Neuroform stent by
unsheathing a pliable self-expanding mesh al-
lows exact placement even in tight vessel loops
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without the risks related to vessel straightening
seen with balloon expandable stents. The de-
sign of the Neuroform stent with thin struts and
relatively wide interstices avoids inadvertent
compromise of small side branches and perfo-
rators adjacent to the aneurysm neck and pro-
vides an elastic, low profile implant that should
be better tolerated by the host vessel.

The advantages of the Neuroform stent de-
sign in terms of flexibility, maneuverability, and
low surface coverage represents a theoretical
compromise in radial force and rigidity of the
stent during catheterization of the aneurysm
and coil packing. We observed stent displace-
ment or coil protrusion in two patients. Leaving
the exchange wire in place after stent delivery
can minimize displacement of the stent during
catheterization of the aneurysm. Another solu-
tion is the bridging of the aneurysm with more
than one stent. This strategy proved successful
in two patients, where the aneurysm was locat-
ed at the convexity of tight vessel curves. Coil
protrusion through the interstices of the stent
in small aneurysms can also be avoided by se-
lecting a first coil with a helical diameter of 3
mm or more and by selecting the softest possi-
ble coils for packing close to the aneurysm
neck.

The regimen of medical pre- and post-treat-
ment for this study was adopted from previous

studies using balloon expandable stents. It re-
mains to be evaluated whether long-term an-
tiplatlet medication is also necessary for the
Neuroform stent design. The implantation of
such a low profile filigree device in non-athero-
sclerotic vessels might well be tolerated with-
out long term antiplatlet therapy.

Conclusions

The ideal neurovascular stent to assist coil
occlusion of intracranial aneurysms should
meet certain critical requirements. The profile
and flexibility of the stent and delivery system
should be sufficient to allow access to the tar-
get site even through the most tortuous vascu-
lar anatomy. The stent deployment should be
possible with a maximum of accuracy and pre-
dictability, avoiding any injury to the vessel
wall. Sufficient radio-opacity is required to de-
termine the position of the stent and the plane
of interface between parent vessel and
aneurysm neck. Proven biocompatibility, high
resistance to corrosion and mechanical fatigue
as well as low thrombogenicity is required from
any long-term neurovascular implant. Stent de-
ployment and long term implantation should
result in minimal intimal hyperplasia at the im-
plant site.

Stent bridging of the aneurysm neck result-

Figure 4 Cavernous aneurysm of the right ICA with recurrent filling due to coil packing six years after initial treatment (A).
Stent deployment over the aneurysmal neck facilitated significantly the coil occlusion of the aneurysm. Complete occlusion
of the aneurysm was possible despite the complex geometrical relationship between aneurysm and parent vessel. Prior en-
dovascular treatments were restricted by the severe tortuosity of the proximal ICA. This vessel was straightened by coaxial
placement of two self expanding Carotid Wallstents.
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ing in hemodynamic isolation of the aneurysm
sac from the circulation without occlusion of
adjacent normal vessels would be the most
physiologic treatment. As a compromise, a de-
ployed stent should create a border between
parent vessel and aneurysm which is firm
enough to keep detachable coils within the
aneurysm.

Since measurement of the diameter of in-
tracranial vessels with sub millimeter accuracy
is difficult to achieve, sizing of the implant
should be as simple and forgiving as possible,
with an one-size-fits-all concept as an ideal so-
lution. Sizing of an ideal stent should address
the possibility that the parent vessel at the tar-
get site may vary in its diameter.

Overall, the neuro-endovasular implant
should aim to reconstruct the parent vessel at
the site of parent vessel pathology, i.e. the
aneurysm neck. In addition, the device profile,
geometry, and mechanical characteristics
should enable the device to conform to the lo-
cal angio-architecture; simultaneously, the de-
vice should be sufficiently supple and elastic to

optimize its anatomic and physiologic accep-
tance by the host vessel.

The self-expandable Neuroform stent for the
stent-assisted coil occlusion of intracranial
aneurysms is the first step towards such an op-
timized implant. Compared with the balloon
expandable stents available to date, the Neuro-
form stent is superior in terms of flexibility,
ease of sizing, safety of deployment and radio-
opacity.

The ability to keep coils within an aneurysm
seems equal for both types of stents. The ability
to achieve stent characteristics of low profile,
high flexibility and branch vessel perfusion are
at odds with the ability to maximize stent mesh
density across the aneurysm neck. For this rea-
son both balloon-expandable and self-expand-
able stents always will be subject to a compro-
mise regarding these competing characteristics.
The data presented in this prospective study
demonstrate the acute safety and technical fea-
sibility of self expanding Neuroform microstent
assisted coiling of a variety of intracranial wide
necked aneurysms.
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