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Flow Diversion with Low-Profile Braided Stents for the
Treatment of Very Small or Uncoilable Intracranial Aneurysms
at or Distal to the Circle of Willis
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ABSTRACT

BACKGROUND AND PURPOSE: The endovascular treatment of aneurysms located at or distal to the circle of Willis and not amenable to
coiling remains a challenge. We report our experience with flow-diversion treatment using low-profile braided stents as a stent mono-
therapy procedure for treating distally located very small or uncoilable aneurysms.

MATERIALS AND METHODS: We retrospectively reviewed our data bases to identify patients with aneurysms located at or distal to the
circle of Willis who were treated with stent monotherapy using low-profile braided stents. The immediate and follow-up angiographic
findings and clinical status of the patients were assessed.

RESULTS: Twenty aneurysms in 19 patients were included in the study. The mean size of the aneurysms was 4.7 = 2.4 mm. Patients were
treated via telescopic implantation of 2 stents for 11 aneurysms; single-stent placement was used for the remaining aneurysms. The
technical success rate was 95%. We observed a technical complication in1case (5.3%) and a late ischemic event in another (5.3%). The final
angiographies during a mean follow-up of 14.7 months showed complete aneurysm occlusion in 73.7%. The complete occlusion rate of the
aneurysms treated with telescopic stent placement was 81.8%. The modified Rankin scale scores of all patients at the last follow-up were
between 0 and 2.

CONCLUSIONS: Flow diversion with low-profile braided stents as a stent monotherapy procedure for very small or uncoilable intracranial

aneurysms located at or beyond the circle of Willis is a promising, relatively safe, and durable endovascular procedure.

ABBREVIATION: OKM = O'Kelly-Marotta grading scale

In the past decade, several self-expandable stents dedicated to
intracranial use have been introduced to treat wide-neck and
complex aneurysms previously not amenable to coiling.' ™ Stents
create a mechanical scaffold, which prevents coil protrusion into
the parent artery. In addition to this mechanical scaffolding effect,
the implantation of stents also produces hemodynamic and bio-
logic effects in the parent arteries that promote aneurysm occlu-
sion. Stent deployment across the orifice of an aneurysm redirects
the blood flow in the parent artery to decrease hemodynamic
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stress, which facilitates thrombosis in the aneurysmal sac.” Fur-
thermore, stents induce neointimal proliferation in the parent
artery, which eventually leads to healing of the aneurysm neck.®
The hemodynamic and biologic effects of stents promote the pro-
gressive occlusion of partially coiled aneurysms and impede their
recanalization.

On the basis of the hemodynamic and biologic effects of stents,
flow-diversion treatment as a stent monotherapy procedure using
conventional stents has been proposed for the endovascular
treatment of intracranial aneurysms not amenable to coiling or
alternative open surgical procedures.” Flow diversion as a stent
monotherapy procedure consists of the implantation of a self-
expandable stent or stents across the neck of an aneurysm,
without coiling the aneurysm sac. A limited number of previ-
ous case series reported the application of stent monotherapy
with balloon-expandable or conventional self-expandable stents and
focused on the treatment of aneurysms located proximal to the circle
of Willis.””"°

Low-profile braided stents have been recently introduced to
treat aneurysms located at small-sized, distal parent arteries. Low-
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profile intracranial stents can be deployed into arteries with di-
ameters between 1.5 and 3.5 mm, and they can be delivered
through microcatheters with an internal diameter of 0.0165
inches, which allows easier navigation in small-sized, delicate ves-
sels."" In this report, we present our experience with flow-diver-
sion treatment as a stent monotherapy procedure for treating very
small or uncoilable intracranial aneurysms located at or beyond
the circle of Willis using low-profile braided stents. In this retro-
spective study, we investigated the feasibility, efficacy, and mid-
term durability of the stent monotherapy procedure with LEO
Baby stents (Balt, Montmorency, France).

MATERIALS AND METHODS

After approval of the study by the institutional ethics committee,
we retrospectively reviewed our data base records to identify pa-
tients with intracranial aneurysms located at or distal to the circle
of Willis who were treated with the stent monotherapy procedure
using low-profile stents. In all cases, the decision regarding the
most appropriate method of treatment was made by a multidis-
ciplinary neurovascular team. Flow diversion with low-profile
braided stents as a stent monotherapy procedure was performed
to treat patients with very small aneurysms (<3 mm) located at or
distal to the circle of Willis, distal aneurysms with a complex mor-
phology that impeded the application of the conventional endo-
vascular techniques such as balloon remodeling or stent-assisted
coiling, and distal aneurysms from which important branches or
perforators arose.

The review of our data base records revealed 19 patients with
28 aneurysms who underwent the stent monotherapy procedure
to treat intracranial aneurysms. There were 15 female (79%) and
4 male patients, with a mean age 0f 46.6 * 17.9 years (range, 7-71
years). Twenty aneurysms in 19 patients were included in this
study. Eight aneurysms treated with other endovascular tech-
niques or clipping were excluded. All except 1 of the aneurysms
reported in this study were unruptured. One patient with an an-
terior cerebral artery aneurysm was referred to our center for
endovascular surgery 3 weeks after the rupture of the aneurysm.
Another patient with an anterior cerebral artery aneurysm had a
history of subarachnoid hemorrhage caused by the rupture of a
contralateral middle cerebral artery aneurysm, which was treated
by clipping at that time. Two aneurysms had been previously
coiled and then became recanalized during the follow-up assess-
ments. Eighteen of the 20 aneurysms had not received prior treat-
ment. The mean dome size of the aneurysms was 4.7 = 2.4 mm
(range, 1.5-9 mm). Five aneurysms were in the A1-2 segments of
the anterior cerebral artery, 4 aneurysms were in the posterior-
inferior cerebellar artery, 3 aneurysms were in the pericallosal
segment of the anterior cerebral artery, 3 aneurysms were in the
posterior cerebral artery, 3 aneurysms were in the M1 segment of
the MCA, and 2 aneurysms were in the bifurcation of the MCA.
Three aneurysms had a complex morphology, and 17 aneurysms
were saccular.

The preoperative clinical status of patients was evaluated with
the modified Rankin Scale. The preoperative mRS scores of 17
patients were all zero. Two patients with a history of subarachnoid
hemorrhage had a preoperative mRS score of 2.
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Endovascular Procedure

In all cases, the endovascular procedure consisted of the implan-
tation of alow-profile, self-expandable stent or stents covering the
neck of the aneurysm, without coiling of the aneurysm. The pa-
tients with unruptured aneurysms received 75 mg of clopidogrel
and 300 mg of aspirin daily for at least 5 days before the procedure. In
the patient with a recently ruptured aneurysm, antiplatelet therapy
was initiated 12 hours before the endovascular procedure with a
loading dose of 300 mg of aspirin and 600 mg of clopidogrel. A 6F
guiding catheter (Envoy; Codman & Shurtleff, Raynham, Massachu-
setts) or a 6F guiding sheath (Neuron Max; Penumbra, Alameda,
California) was placed into the target artery (the internal carotid ar-
tery or the proximal vertebral artery) at the beginning of the proce-
dure. A microcatheter (Echelon 10, Covidien, Irvine, California; or
Vasco 10, Balt) for stent delivery was positioned in the parent artery
distal to the neck of the aneurysm with the guidance of a 0.014-inch
microguidewire (Transend, Stryker, Kalamazoo, Michigan; Trax-
cess, MicroVention, Tustin, California; Hybrid, Balt). A low-profile
braided stent (LEO Baby plus; Balt) was deployed into the parent
artery to cover the neck of the aneurysm in all cases.

After the deployment of the stent, control angiography was
performed to assess the opening and the apposition of the stent. In
some cases, an additional stent was deployed, overlapping the
initial stent. In these cases, the stent delivery microcatheter was
navigated through the first deployed stent, and the second stent
was telescopically deployed inside the initial stent. If there was no
sign of any complication on the control angiograms, the stent deliv-
ery wire was removed and the procedure was completed. Postproce-
dural dual antiplatelet treatment, including 75 mg/day of clopidogrel
and 300 mg/day of aspirin, was continued for 3—6 months. Thereaf-
ter, the dual antiplatelet therapy was switched to aspirin.

All technical and clinical complications were recorded. Com-
plications were defined as periprocedural if they occurred during
the procedure or within 48 hours following completion of the
procedure. Clinical complications that occurred between 48
hours and 14 days were defined as early postprocedural, while
those occurring after 2 weeks were defined as late postprocedural
complications. The neurologic status of patients was recorded at
discharge from the hospital using the mRS score.

Follow-Up Assessment

An immediate postprocedural control angiography was per-
formed at the end of the procedure to evaluate the patency of the
stents, the filling status of the aneurysm, and the patency of side
branches and perforators. The filling status of the aneurysms was
evaluated with the O’Kelly-Marotta (OKM) grading scale.'” The
degree of aneurysm filling was graded between A and D (A =
complete filling, B = incomplete filling, C = entry remnant, D =
total occlusion). The degree of stasis in the aneurysm sac was
scaled between 1 and 3 (1 = arterial, 2 = capillary, 3 = venous).
Follow-up MR angiography was performed at 3—4 months. The
first digital subtraction angiography follow-up was performed at
3—6 months. The second examination was performed at 9-12
months. The third follow-up angiography was performed at
24-36 months, depending on the findings of the second fol-
low-up angiography. The neurologic status of patients was as-
sessed with the mRS score at each follow-up.



FIG 1. Procedural and follow-up angiograms of a 28-year-old female patient with a history of
subarachnoid hemorrhage due to rupture of a contralateral MCA bifurcation aneurysm. A, A
preprocedural DSA image shows a1.5-mm saccular aneurysm (arrow) located in the Al segment of
the right anterior cerebral artery. B, A nonsubtracted angiography image obtained during the

neurologic deficits. The deployment
of stents in all the other patients was
uneventful.

The immediate control angiography
images revealed complete occlusion of 1
aneurysm (OKM grade D) (5%), stag-
nated partial filling of 3 aneurysms
(OKM grade B2-3) (15%), stagnated
filling of 11 aneurysms (OKM grade
A2-3) (55%), and complete filling of 5
aneurysms, including the case in which
the stent was retrieved due to acute
thrombosis (OKM grade Al) (25%)
(Fig 3).

Complications

No mortality occurred during this study.
Complications, including the asymp-
tomatic technical complication, devel-
oped in 2 patients (10.5%). The mRS
scores at discharge were equal to the pre-
operative scores for all patients. We ob-
served a late postprocedural complica-
tion in a patient with an MCA aneurysm
treated by the telescopic implantation of
2 stents (5.3%). This patient developed
monoparesis in his right (contralateral)
leg 2 months after the cessation of clopi-
dogrel at the 6-month follow-up. His
cranial MR image revealed a small lacu-
nar infarct in the left basal ganglia ex-
tending to the genu of the internal cap-
sule. We prolonged the dual antiplatelet
treatment in this case, and his symptoms
regressed completely within weeks. His
final mRS score at the last follow-up was
Z€ro.

procedure demonstrates the successful implantation of a stent in the Al segment of the anterior
cerebral artery, covering the neck of the aneurysm. This image also shows the filling of the

aneurysm (OKM grade A). C, A VasoCT image (Philips Healthcare, Best, the Netherlands) obtained
immediately after stent deployment reveals the full apposition of the stent to the parent artery
walls. D, The 10-month follow-up DSA image shows complete occlusion of the aneurysm (OKM

grade D).

RESULTS

Thirty-one stents were deployed to treat 20 aneurysms. The tele-
scopic implantation of double stents was performed to treat 11
aneurysms. Single stents were deployed for the remaining 9 aneu-
rysms (Fig 1). The technical success rate of the procedure was 95%
(19 of 20 aneurysms) (Fig 2). A technical complication developed
in 1 patient with a dissecting/fusiform PICA aneurysm, which
resulted in the failure of the procedure. The parent artery (the left
PICA) in this patient had stenotic and extremely tortuous seg-
ments. After the deployment of the stent, the immediate control
angiography revealed an incomplete opening of the stent in the
stenotic/tortuous segment and the subsequent development of
acute and complete thrombosis of the stent. The thrombosed
stent was then retrieved with a microcatheter and microsnare to
restore blood flow in the PICA. This patient awoke without any

Follow-Up Assessments

Follow-up imaging was performed for
19 aneurysms in 18 patients (94.7%).
The mean duration of follow-up was
14.7 = 8.5 months (range, 4—36 months).
The follow-up imaging revealed an OKM grade D in 14 of 19
aneurysms (73.7%), OKM C2-3 grade filling in 2 aneurysms
(10.5%), OKM B2-3 filling in 2 aneurysms (10.5%), and OKM
grade A3 filling in 1 aneurysm (5.3%). None of the aneurysms
ruptured during the follow-up period. The last follow-up of 11
aneurysms treated with telescopic stent placement revealed total
occlusion (OKM grade D) of 9 aneurysms (81.8%) (Fig 4). The
last follow-up angiography assessments of the aneurysms treated
with a single stent revealed a total occlusion rate of 62.5%.

We observed in-stent stenosis in the first follow-up angiogra-
phy examinations of 5 patients (27.8%). In 3 of them, the aneu-
rysms had been treated by the telescopic implantation of double
stents. The second follow-up angiography examinations demon-
strated regression of the in-stent stenosis in 3 patients. The in-
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FIG 2. Preprocedural CT and procedural and follow-up angiograms of a 39-year-old female patient with a distal PICA aneurysm. A, CT
angiography reconstructed on a sagittal projection shows a saccular aneurysm in the PICA. B, A preprocedural DSA image depicts a 7-mm
saccular aneurysm located in the tonsillomedullary segment of the left PICA. C, Aroadmap DSA image obtained during the procedure shows the
catheterization of the distal PICA for stent placement. This image also demonstrates that the aneurysm has a very complex morphology without
a definable neck. D, A nonsubtracted angiography image shows the deployment of the stent into the PICA. Please note the compaction and
expansion of the stent across the orifice of the aneurysm. E, A 12-month follow-up DSA image reveals the reconstruction of the parent artery
and no aneurysm filling. F, The 24-month follow-up DSA image confirms the stable occlusion of the aneurysm.

FIG 3. Procedural and follow-up DSA images of a 62-year-old female patient with a small poste-
rior cerebral artery aneurysm. A, A preprocedural DSA image obtained in the left anterior oblique
projection reveals a 2.5-mm saccular aneurysm (arrow) located in the left posterior cerebral
artery. B, The venous phase of the DSA image obtained immediately after stent deployment
shows the stagnation of injected contrast medium in the aneurysm sac (black arrow) and the
deployed stent (white arrows) in the left posterior cerebral artery. C, The 7-month follow-up DSA
image demonstrates total occlusion of the aneurysm (OKM grade D) and a mild degree of in-stent

stenosis.

stent stenosis was mild (<50%) and remained asymptomatic in
all cases. Therefore, no intervention was performed to treat the
in-stent stenosis.

The mRS score at the last follow-up evaluation was zero in 16
of 18 patients. The mRS scores of 2 patients with preprocedural
scores of 2 did not change until their last follow-up.

DISCUSSION

The endovascular treatment of distally located, very small-sized
aneurysms is a challenge for interventional neuroradiologists.
The risk of intraprocedural rupture is significantly high during
the coiling of very small aneurysms.'”'* The microcatheteriza-
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tion of small aneurysms is very difficult,
and microcatheter or microguidewire
maneuvers can cause rupture. Further-
more, because of the limited space inside
the aneurysm sac, coiling itself can lead
to the rupture of a small aneurysm. We
performed the stent monotherapy tech-
nique with a flow-diversion strategy to
treat very small aneurysms located at or
distal to the circle of Willis. The stent
monotherapy procedure is a safe alter-
native endovascular method for treating
distally located, very small-sized aneu-
rysms. The lack of aneurysm catheter-
ization nearly eliminates the risk of in-
traprocedural rupture of very small
aneurysms during stent monotherapy.
The principle of stent monotherapy
for intracranial aneurysms is based on flow diversion and the
biologic effects of stents. Aneurysm flow velocity and wall shear
stress are important hemodynamic parameters associated with
the growth and rupture of intracranial aneurysms.">'” The place-
ment of a stent or stents across the neck of an aneurysm redirects
the blood flow and decreases intra-aneurysmal flow velocity by
disturbing the inflow. The reduced aneurysmal flow induces stasis
and consequently thrombosis of the aneurysm.” Tateshima et al*”
investigated the alterations in intra-aneurysmal hemodynamics
with the placement of high-porosity open-cell stents across the
necks of aneurysms and found that the placement of a single Neu-
roform stent (Stryker Neurovascular) reduced the intra-aneurys-



FIG 4. Procedural and follow-up angiograms of a 48-year-old female patient with an MCA aneu-
rysm. A, A preprocedural DSA image reveals a 2.5-mm saccular aneurysm located in the Ml
segment of the left MCA. This image also shows a lenticulostriate artery arising from the aneu-
rysm. B, A nonsubtracted angiogram recorded during the procedure demonstrates the telescopic
implantation of 2 low-profile stents into the left M1 segment. C, The 14-month follow-up DSA
image shows total occlusion of the aneurysm (OKM grade D) and the reconstruction of the
lenticulostriate artery (arrow), which previously arose from the aneurysm.

12()

mal flow velocity by 22%—-64%. In another study, Wang et a
assessed the hemodynamic changes inside aneurysms induced by
the implantation of conventional stents and found that the veloc-
ity of the jet flow entering the aneurysm and wall shear stresses on
the aneurysm were significantly reduced by the placement of a

stent.”’

These authors suggested that the hemodynamic changes
induced by stents promote thrombus formation inside the aneu-
rysm and reduce the risk of aneurysm growth and rupture. Blan-

1! studied the correlation between wall shear stress and

kenaeta
wall thickness of aneurysms with 7T MR imaging. This group
found an inverse correlation between wall shear stress and an-
eurysm wall thickness. High wall shear stress might be associ-
ated with the process of aneurysm wall remodeling, which
causes thinning of the aneurysm wall.

The results of previous experimental studies suggest that the
hemodynamic changes induced by the placement of stents across
the aneurysm neck promote thrombus formation inside the an-
eurysm, reducing the risks of aneurysm growth and rupture.
Fiorella et al” reported the results of 10 patients whose ruptured
aneurysms were treated with stent monotherapy by the implan-
tation of open-cell stents. Even though the flow-diversion capac-
ity of high-porosity open-cell stents is relatively low, in their re-
sults during a 12-month follow-up period, Fiorella et al observed
complete occlusion in 5 (50%) patients and near-total occlusion
in 4 (40%). Kim and Ko'® treated 8 patients with ruptured, small
intracranial aneurysms with stent placement alone, without
coiling. Follow-up angiographies revealed total aneurysm occlu-
sions in 3 patients (37.5%) and size reduction in 3 patients
(37.5%). These investigators did not observe any growth or rup-
ture of the aneurysms during the follow-up periods ranging from
6 to 34 months. Zenteno et al” reported the results of performing
the single-stent placement technique to treat posterior circulation
aneurysms.

One-year angiographic follow-up examinations revealed a to-
tal aneurysm occlusion rate of 80% in this study. The results of
our study support the findings of previous experimental and clin-
ical studies. We observed total occlusion in 73.7% of the aneu-
rysms during the mean follow-up of 14.7 months. Furthermore,
21.0% of the aneurysms showed a reduction in size and stasis in
the sac during the follow-up period. Additionally, none of the
aneurysms showed growth, and we did not observe any aneurysm
rupture. Therefore, the results of our study indicate that flow
diversion with low-profile braided stents as a stent monotherapy

is an effective endovascular technique
for the treatment of very small or uncoil-
able intracranial aneurysms located at or
distal to the circle of Willis.

LEO Baby stents are self-expanding
stents that are constructed of braided
metal filaments. They have a relatively
smaller cell size (approximately 0.9 mm)
and a higher metal coverage ratio than
other conventional self-expandable
stents. The porosity of LEO Baby stents
at their nominal diameter is approxi-
mately 83%. Bouillot et al** studied the
flow modifications induced by conven-
tional self-expandable and low-porosity
flow-diverter stents and found that conventional, intermediate-
porosity braided stents could provide flow-change patterns like
those provided by low-porosity flow-diverter stents. The rela-
tively high mesh density of LEO Baby stents provides a relatively
high flow-diversion capacity and allows these stents to act as mini
flow diverters in appropriate cases. Moreover, it is possible to
further decrease the porosity of braided stents during their de-
ployment. When an axial force is applied to braided stents during
deployment, the stents can expand along vessel segments with a
diameter larger than the nominal diameter of the stent. The ex-
pansion of the stent beyond its nominal diameter in uncon-
strained segments causes a significant reduction in the porosity.>

Therefore, it is possible to compress braided stents in uncon-
strained segments to decrease the porosity and increase the flow-
reconstruction capacity. We used this feature of LEO Baby stents
as a strategy to increase the flow-diversion capacity of the stents
deployed to treat the wide-neck or dissecting/fusiform aneu-
rysms. During the deployment of the stents, we attempted to
compress the stents by applying an axial force with a delivery
microcatheter and a delivery wire. Our second strategy to increase
the metal density over the neck of the aneurysm was the telescopic
deployment of 2 stents. We performed telescopic stent placement
in the treatment of 11 of 20 aneurysms. In an experimental study,

124

Canton et al** showed that the sequential placement of multiple

stents across the aneurysm neck progressively decreases the he-

modynamic stress on the aneurysm. Kim et al*®

used a computa-
tional fluid dynamics method to quantify the hemodynamic
changes achieved by the placement of multiple stents. Kim et al
found that the placement of 2 stents caused a significant reduction
in wall shear stress and an increase in the turnover time of intra-
aneurysmal flow. Our findings support the results of these exper-
imental studies. In our study, the rate of total occlusion for the
aneurysms treated with telescopic stent placement was 81.8%,
which is higher than the follow-up results of single-stented aneu-
rysms. This finding indicates that the telescopic implantation of a
second stent in appropriate cases would increase the flow-diver-
sion capacity of the stent monotherapy procedure.

Low-porosity stents dedicated to flow diversion have a much
higher metal density compared with conventional self-expand-
able stents. The high metal density of flow-diverter stents might
induce faster aneurysm exclusion. However, the risk of side
branch or perforator occlusion would also increase with a higher
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metal density. The patency of covered side branches and perfora-
tors is a major debate in the recent use of flow diverters for the
treatment of distally located intracranial aneurysms. Gawlitza
et al*® treated 18 aneurysms located beyond the circle of Willis
with the implantation of flow-diverter stents, and 17.6% of their
patients developed symptomatic ischemic lesions in the territories
of the perforators covered by the stents. Furthermore, the
follow-up MR imaging examinations revealed asymptomatic la-
cunar ischemic lesions in 29.4% of the cases. In another study,

Pistocchi et al*”

treated 30 aneurysms located beyond the circle of
Willis with the implantation of flow-diverter stents. These inves-
tigators observed the total occlusion of jailed side branches in
38.1% of the cases and restricted flow in 23.8% of the cases.

Because of the potentially high perforator or side branch oc-
clusion risk, we preferred to not use low-porosity flow-diverter
stents in our patients. No permanent morbidity was observed in
our patients. We observed a symptomatic thromboembolic com-
plication in only 1 patient who developed a lacunar infarction in
the territory of the perforators covered by the telescopic stents.
The symptoms of this patient regressed completely during the
follow-up period. Furthermore, the mRS scores at the last fol-
low-up examinations did not differ from the preprocedural scores
for any of the patients.

Another disadvantage of flow-diverter stents in the treatment
of distal intracranial aneurysms is the current necessity of cathe-
terizing small-sized intracranial arteries with larger and stiffer mi-
crocatheters with internal diameters of 0.021-0.027 inches. The
catheterization of distal and small-sized vessels with these large,
stiff microcatheters could be technically difficult and traumatic.
Low-profile, self-expandable stents are deliverable through low-
caliber microcatheters with an internal diameter of 0.0165 inches.
Therefore, low-profile stents allow easier catheterization and nav-
igation in small-sized, delicate vessels and enable safer stent place-
ment during the treatment of distal aneurysms. In our patients,
some of the aneurysms were in very small-sized and extremely
tortuous parent arteries, which could be safely catheterized with
low-caliber delivery microcatheters.

In flow-diversion treatment for intracranial aneurysms, the
hemodynamic alterations provided by the stent struts initiate the
formation of a thrombus inside the aneurysm. However, the final
steps necessary to achieve total and durable aneurysm occlusion
depend on the cellular processes induced by the stent implanta-
tion.?® These cellular events start with the adherence of inflam-
matory cells to the intersections of the stent struts. Then, endo-
thelialization that begins along the parent artery proceeds over the
aneurysm neck. The complete endothelialization of the stent
struts over the neck is associated with total occlusion of the aneu-
rysm. Because the endothelial cells that grow over the stent struts
are derived from the adjacent parent artery, the full apposition of
the stent to the parent artery wall is critical for the achievement of
a total aneurysm occlusion.”” LEO Baby stents have a braided,
sliding strut design, providing a high degree of conformability
and allowing good wall apposition even in tortuous vessels, which
may have facilitated the development of total occlusion and the
regression of the aneurysms in our study.

The in-stent stenosis incidence at the first follow-up DSAs was
relatively high compared with the results of previous studies."”
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However, most (60%) regressed during follow-up, and all pa-
tients remained asymptomatic. The incidence of in-stent stenosis
among patients treated with telescopic (27.3%) and single stent
placement (28.6%) was similar. Therefore, it seems to be a re-
versible reaction of endothelium induced by the stent implan-
tation.”® When we consider that the mechanism of aneurysm
occlusion following flow-diversion treatment is based on the
stent endothelialization, in-stent stenosis may be a conse-
quence of an endothelial healing process that is induced by
stent implantation.'*®

There are some limitations to the current study. First, this
study was a nonrandomized, retrospective study. Therefore, there
was no control group of alternative endovascular or open surgical
treatment methods with which to compare the results. The deci-
sions for the most appropriate endovascular method of treatment
were made by the neurovascular teams in each patient. Therefore,
the effects of patient selection bias cannot be excluded from the
results. Finally, the study population was relatively small.

CONCLUSIONS

Flow diversion with low-profile braided stents as a stent mono-
therapy is a promising, relatively safe, and durable endovascular
procedure to treat very small or uncoilable intracranial aneurysms
located at or beyond the circle of Willis. Flow diversion with low-
profile braided stents may be considered an alternative option to
treat distal intracranial aneurysms not amenable to conventional
endovascular techniques. Larger series with longer follow-up are
necessary to define the long-term durability of this treatment.

REFERENCES

1. Aydin K, Arat A, Sencer S, et al. Stent-assisted coiling of wide-neck
intracranial aneurysms using low-profile LEO Baby stents: initial
and midterm results. AJNR Am ] Neuroradiol 2015;36:1934—41
CrossRef Medline

2. Brassel F, Grieb D, Meila D, et al. Endovascular treatment of com-
plex intracranial aneurysms using Acandis Acclino stents. ] Neuro-
interv Surg 2017;9:854-59 CrossRef Medline

3. Mohlenbruch M, Herweh C, Behrens L, et al. The LVIS Jr. microstent
to assist coil embolization of wide-neck intracranial aneurysms:
clinical study to assess safety and efficacy. Neuroradiology 2014;56:
389-95 CrossRef Medline

4. Piotin M, Blanc R, Spelle L, et al. Stent-assisted coiling of intracra-
nial aneurysmes: clinical and angiographic results in 216 consecu-
tive aneurysms. Stroke 2010;41:110—15 CrossRef Medline

5. Cantén G, Levy DI, Lasheras JC. Hemodynamic changes due to stent
placement in bifurcating intracranial aneurysms. ] Neurosurg 2005;
103:146-55 CrossRef Medline

6. Lopes D, Sani S. Histological postmortem study of an internal ca-
rotid artery aneurysm treated with the Neuroform stent. Neurosur-
gery 2005;56:E416; discussion E416 CrossRef Medline

7. Fiorella D, Albuquerque FC, Deshmukh VR, et al. Endovascular re-
construction with the Neuroform stent as monotherapy for the
treatment of uncoilable intradural pseudoaneurysms. Neurosurgery
2006;59:291-300; discussion 291-300 CrossRef Medline

8. Song J, Oh S, Kim M]J, et al. Endovascular treatment of ruptured
blood blister-like aneurysms with multiple (=3) overlapping En-
terprise stents and coiling. Acta Neurochir 2016;158:803—09 CrossRef
Medline

9. Zenteno MA, Santos-Franco JA, Freitas-Modenesi JM, et al. Use of
the sole stenting technique for the management of aneurysms in the
posterior circulation in a prospective series of 20 patients. ] Neuro-
surg 2008;108:1104—18 CrossRef Medline


http://dx.doi.org/10.3174/ajnr.A4355
http://www.ncbi.nlm.nih.gov/pubmed/26021624
http://dx.doi.org/10.1136/neurintsurg-2016-012571
http://www.ncbi.nlm.nih.gov/pubmed/27557944
http://dx.doi.org/10.1007/s00234-014-1345-z
http://www.ncbi.nlm.nih.gov/pubmed/24599219
http://dx.doi.org/10.1161/STROKEAHA.109.558114
http://www.ncbi.nlm.nih.gov/pubmed/19959540
http://dx.doi.org/10.3171/jns.2005.103.1.0146
http://www.ncbi.nlm.nih.gov/pubmed/16121985
http://dx.doi.org/10.1227/01.NEU.0000147977.07736.66
http://www.ncbi.nlm.nih.gov/pubmed/15670395
http://dx.doi.org/10.1227/01.NEU.0000223650.11954.6C
http://www.ncbi.nlm.nih.gov/pubmed/16823325
http://dx.doi.org/10.1007/s00701-016-2721-8
http://www.ncbi.nlm.nih.gov/pubmed/26858206
http://dx.doi.org/10.3171/JNS/2008/108/6/1104
http://www.ncbi.nlm.nih.gov/pubmed/18518712

20.

. Kim YJ, Ko JH. Sole stenting with large cell stents for very small

ruptured intracranial aneurysms. Interv Neuroradiol 2014;20:45-53
CrossRef Medline

. Akmangit I, Aydin K, Sencer S, et al. Dual stenting using low-profile

LEO baby stents for the endovascular management of challenging
intracranial aneurysms. AJNR Am ] Neuroradiol 2015;36:323-29
CrossRef Medline

. O’Kelly CJ, Krings T, Fiorella D, et al. A novel grading scale for the

angiographic assessment of intracranial aneurysms treated using
flow diverting stents. Interv Neuroradiol 2010;16:133-37 CrossRef
Medline

. Brinjikji W, Lanzino G, Cloft HJ, et al. Endovascular treatment of

very small (3 mm or smaller) intracranial aneurysms: report of a
consecutive series and a meta-analysis. Stroke 2010;41:116-21
CrossRef Medline

. Nguyen TN, Raymond J, Guilbert F, et al. Association of endovascu-

lar therapy of very small ruptured aneurysms with higher rates of
procedure-related rupture. ] Neurosurg 2008;108:1088 —92 CrossRef
Medline

. Cebral JR, Castro MA, Burgess JE, et al. Characterization of cerebral

aneurysms for assessing risk of rupture by using patient-specific
computational hemodynamics models. AJNR Am ] Neuroradiol
2005;26:2550—59 Medline

. Meng H, Tutino VM, Xiang]J, et al. High WSS or low WSS? Complex

interactions of hemodynamics with intracranial aneurysm initia-
tion, growth, and rupture: toward a unifying hypothesis. AJNR Am |
Neuroradiol 2014;35:1254—62 CrossRef Medline

. Meng H, Wang Z, Hoi Y, et al. Complex hemodynamics at the apex

of an arterial bifurcation induces vascular remodeling resembling
cerebral aneurysm initiation. Stroke 2007;38:1924-31 CrossRef
Medline

. Metaxa E, Tremmel M, Natarajan SK, et al. Characterization of crit-

ical hemodynamics contributing to aneurysmal remodeling at the
basilar terminus in a rabbit model. Stroke 2010;41:1774—82 CrossRef
Medline

. Tateshima S, Tanishita K, Hakata Y, et al. Alteration of intraaneurys-

mal hemodynamics by placement of a self-expandable stent: labo-
ratory investigation. ] Neurosurg 2009;111:22—27 CrossRef Medline
Wang C, Tian Z, Liu J, et al. Flow diverter effect of LVIS stent on
cerebral aneurysm hemodynamics: a comparison with Enterprise

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

stents and the Pipeline device. | Transl Med 2016;14:199 CrossRef
Medline

Blankena R, Kleinloog R, Verweij BH, et al. Thinner regions of intra-
cranial aneurysm wall correlate with regions of higher wall shear
stress: a 7T MRI study. AJNR Am ] Neuroradiol 2016;37:1310-17
CrossRef Medline

Bouillot P, Brina O, Ouared R, et al. Particle imaging velocimetry
evaluation of intracranial stents in sidewall aneurysm: hemody-
namic transition related to the stent design. PLoS One 2014;9:
e113762 CrossRef Medline

Makoyeva A, Bing F, Darsaut TE, et al. The varying porosity of
braided self-expanding stents and flow diverters: an experimental
study. AJNR Am ] Neuroradiol 2013;34:596—602 CrossRef Medline
Cantén G, Levy DI, Lasheras JC, et al. Flow changes caused by the
sequential placement of stents across the neck of sidewall cerebral
aneurysms. ] Neurosurg 2005;103:891-902 CrossRef Medline

Kim M, Levy EI, Meng H, et al. Quantification of hemodynamic
changes induced by virtual placement of multiple stents across a
wide-necked basilar trunk aneurysm. Neurosurgery 2007;61:1305—
12; discussion 1312—13 CrossRef Medline

Gawlitza M, Januel AC, Tall P, et al. Flow diversion treatment
of complex bifurcation aneurysms beyond the circle of Willis: a
single-center series with special emphasis on covered cortical
branches and perforating arteries. /] Neurointerv Surg 2016;8:
481-87 CrossRef Medline

Pistocchi S, Blanc R, Bartolini B, et al. Flow diverters at and beyond
the level of the circle of Willis for the treatment of intracranial an-
eurysms. Stroke 2012;43:1032—38 CrossRef Medline

Kadirvel R, Ding YH, Dai D, et al. Cellular mechanisms of aneurysm
occlusion after treatment with a flow diverter. Radiology 2014;270:
394-99 CrossRef Medline

Rouchaud A, Ramana C, Brinjikji W, et al. Wall apposition is a key
factor for aneurysm occlusion after flow diversion: a histologic
evaluation in 41 rabbits. AJNR Am ] Neuroradiol 2016;37:2087-91
CrossRef Medline

KimYS, Lee SW, Yeom JA, et al. Angiographic findings of in-stent
intimal hyperplasia after stent-assisted coil embolization: are
they permanent findings? ] Neurosurg 2016;124:328-33 CrossRef
Medline

AINR Am J Neuroradiol @@ @ 2017  www.ajnr.org 7


http://dx.doi.org/10.15274/INR-2014-10007
http://www.ncbi.nlm.nih.gov/pubmed/24556299
http://dx.doi.org/10.3174/ajnr.A4106
http://www.ncbi.nlm.nih.gov/pubmed/25234031
http://dx.doi.org/10.1177/159101991001600204
http://www.ncbi.nlm.nih.gov/pubmed/20642887
http://dx.doi.org/10.1161/STROKEAHA.109.566356
http://www.ncbi.nlm.nih.gov/pubmed/19926837
http://dx.doi.org/10.3171/JNS/2008/108/6/1088
http://www.ncbi.nlm.nih.gov/pubmed/18518708
http://www.ncbi.nlm.nih.gov/pubmed/16286400
http://dx.doi.org/10.3174/ajnr.A3558
http://www.ncbi.nlm.nih.gov/pubmed/23598838
http://dx.doi.org/10.1161/STROKEAHA.106.481234
http://www.ncbi.nlm.nih.gov/pubmed/17495215
http://dx.doi.org/10.1161/STROKEAHA.110.585992
http://www.ncbi.nlm.nih.gov/pubmed/20595660
http://dx.doi.org/10.3171/2009.2.JNS081324
http://www.ncbi.nlm.nih.gov/pubmed/19267529
http://dx.doi.org/10.1186/s12967-016-0959-9
http://www.ncbi.nlm.nih.gov/pubmed/27370946
http://dx.doi.org/10.3174/ajnr.A4734
http://www.ncbi.nlm.nih.gov/pubmed/26892986
http://dx.doi.org/10.1371/journal.pone.0113762
http://www.ncbi.nlm.nih.gov/pubmed/25470724
http://dx.doi.org/10.3174/ajnr.A3234
http://www.ncbi.nlm.nih.gov/pubmed/22878007
http://dx.doi.org/10.3171/jns.2005.103.5.0891
http://www.ncbi.nlm.nih.gov/pubmed/16304994
http://dx.doi.org/10.1227/01.neu.0000306110.55174.30
http://www.ncbi.nlm.nih.gov/pubmed/18162911
http://dx.doi.org/10.1136/neurintsurg-2015-011682
http://www.ncbi.nlm.nih.gov/pubmed/25878068
http://dx.doi.org/10.1161/STROKEAHA.111.636019
http://www.ncbi.nlm.nih.gov/pubmed/22282890
http://dx.doi.org/10.1148/radiol.13130796
http://www.ncbi.nlm.nih.gov/pubmed/24086073
http://dx.doi.org/10.3174/ajnr.A4848
http://www.ncbi.nlm.nih.gov/pubmed/27390319
http://dx.doi.org/10.3171/2015.2.JNS142557
http://www.ncbi.nlm.nih.gov/pubmed/26315002

	Flow Diversion with Low-Profile Braided Stents for the Treatment of Very Small or Uncoilable Intracranial Aneurysms at or Distal to the Circle of Willis
	MATERIALS AND METHODS
	Endovascular Procedure
	Follow-Up Assessment

	RESULTS
	Complications
	Follow-Up Assessments

	DISCUSSION
	CONCLUSIONS
	REFERENCES


