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ABSTRACT

Background and purpose The focus of this study
was to determine ease of deployment, safety and
effectiveness of the LVIS Jr device.

Methods A retrospective analysis was performed of
32 cases comprising 34 aneurysms in which the LVIS Jr
device was used for stent-assisted coil embolization of
intracranial aneurysms from February to October 2012,
including all clinical and angiographic data as well as
mid-term follow-up (1-12 months of treatment).
Results The median age of the patients was 54 years
(range 21-76) and 19 (59%) were women. The
aneurysms were ruptured in 12/34 cases (35.3%); 26
(76.4%) were located within the anterior circulation and
the remaining 8 (23.5%) were located in the posterior
circulation. Eleven of the 34 aneurysms (32.3%) were
treated with a Y-stent configuration. Immediate total
occlusion was observed in 16/34 (47%), near total
occlusion (90-95%) in 5/34 (14.7%) and a 'dog ear’ or
subtotal occlusion in 12/34 (35.2%). A single aneurysm
was treated without coil embolization. Complications
occurred in 5/34 cases (15%), including two cases of
in-stent thrombosis.

Conclusions Implantation of the LVIS Jr device as a
support device for stent-assisted coil embolization seems
to be safe and effective. The LVIS Jr device can also be
implanted in a Y-stent configuration, offering a novel
technique with a potentially lower risk of
thromboembolic complications compared with other
devices.

INTRODUCTION

Over the last decades, endovascular treatment of
intracranial aneurysms has become a commonly
used technique.' ? The treatment of wide-necked
and complex aneurysms is still challenging. Many
devices have been developed to support coil embol-
ization of wide-necked aneurysms —for example,
balloon remodeling where a non-detachable
balloon is placed along the aneurysm neck/parent
vessel interface to bridge the neck of the aneurysm
to prevent coil herniation.>™ An alternative tech-
nique to protect the inflow zone is the placement
of an intraluminal metallic stent bridging the neck
to prevent coil herniation or prolapse into the
parent vessel.°'> Among others, Spiotta et al'?
demonstrated the usefulness of multiple techniques
using stents and balloons. Both techniques which

use balloons or intraluminal stents are very useful
tools in maintaining coil stability within the aneur-
ysm sac for sidewall lesions. However, bifurcation
aneurysms represent an important subgroup of
cases where stent/balloon-assisted coil embolization
is technically challenging. The use of the so-called
Y-stent configuration has been used in clinical prac-
tice and seems to be a promising technique. '*7'®
Using this Y configuration will create a new
‘pseudo-bifurcation point” which changes the
inflow patterns into the aneurysm sac. This anatom-
ical change in the vessel orientation could promote
an increase in thrombus formation within the
coiled aneurysm sac and might therefore promote
long-term occlusion of the aneurysm.

Although the use of intraluminal coil-assist stent
devices with the intention of coil protection has
increased over the years, these devices have been
shown to have a secondary purpose. Many
authors” '® have advocated that the deployed
intraluminal device produces a scaffolding or sub-
strate for neointimal growth which leads to the
remodeling of the parent vessel along the aneurysm
neck. This neointimal growth along the parent
vessel interface with the aneurysm neck isolates the
sac from the circulation.

The most widely used stents for coil-assist treat-
ment are the Neuroform system® ° (Stryker,
Kalamazoo, Michigan, USA), the Enterprise Vascular
Reconstruction Device' ! (Codman Neurovascular,
Raynham, Massachusetts, USA) and the Leo stent
device*** (Balt, France). These stents are self-
expanding Nitinol stents. The Neuroform stent is a
segmental open-cell design whereas the Enterprise is
a closed-cell design. The Enterprise and the Leo
stents are partially retrievable prior to deployment
and implantation but the Neuroform stent is
non-retrievable.

The primary device used in this study is the new
Low-profile Visualized Intraluminal Support device
(LVIS Jr; MicroVention-Terumo, Tustin California,
USA) which is a self-expanding Nitinol single wire
braid device with 1.5 mm cells with three radi-
opaque tantalum threads within the body of the
stent and radiopaque markers on the proximal and
distal ends (figure 1). The key feature of the LVIS
Jr device is that it can be deployed through a
0.017 inch luminal microcatheter which can also be
used for coil deployment. The LVIS Jr device is



The LVIS Jr coil assist device.

Figure 1

intended for a parent vessel size of 2.0-3.5 mm as the fully
expanded diameter of the device is 3.5 mmy; it provides 12-21%
surface area coverage. The LVIS Jr has a CE Mark for use in the
EU but it is still under an investigational study protocol in the
USA.

MATERIAL AND METHODS

This was a single-arm retrospective study investigating the safety
and effectiveness of the LVIS Jr device for the treatment of
wide-necked complex intracranial aneurysms. Two study centers
enrolled 32 patients with a total number of 34 aneurysms over a
9-month period from February to October 2012. The patients
comprised 19 women (59%) and 13 men (41%) of median age
54 years (range 21-76). Twenty-six (76.4%) of the 34 aneur-
ysms were in the anterior circulation and eight (23.5%) were in
the posterior circulation; 12 of the aneurysms (35.3%) were
ruptured. The median dome size was 7 mm (range 2-18 mm)
and the median neck size was 4 mm (range 1.5-10 mm).

The parent target vessels ranged from 2.2 mm (1.1-3.4 mm)
distally and to 2.55 mm (1.5-5 mm) proximally. Twenty-one
aneurysms (61.7%) were treated with a single LVIS Jr device
and 11 patients (32.3%) were treated by Y-stenting: five patients
receiving two LVIS Jr stents and six patients were treated by
Y-stenting with other previously deployed stents (3 Neuroform,
2 Enterprise and 1 LVIS stent). The primary microcatheter used
for deployment of the LVIS Jr stent was the Headway 17 micro-
catheter (MicroVention-Terumo), which has an inner lumen
diameter of 0.017 inch. The microcatheters used for coiling
were Headway 17 and Excelsior SL-10 (Boston Scientific; inner
diameter 0.0165 inch). Unlike laser cut stents where the stent
cells are fixed, the LVIS Jr stent is a single wire closed-cell
design with compliant 1.5 mm cell size. With this braided tech-
nology the stent cells are moveable, allowing microcatheters
from 0.017 Fr up to 2.0 Fr or a second stent in the Y configur-
ation to be easily recatheterized through the stent cells.

Coil embolization of the aneurysms was either carried out
using a jailing technique or through the interstices of the LVIS
Jr stent using platinum coils (Microplex 10 Hypersoft Helical
and Microplex 10 Helical soft, Microplex 10 Cosmos,
Microplex VFC, Microvention/Terumo; or Target 360 standard,
Target 360 soft, Target 360 Ultra and Target Helical ultra,
Boston Scientific).

The aneurysms were subjectively coil embolized until com-
plete occlusion was achieved or no further coils could be safely
deployed within the aneurysm sac. All patients with incidental
aneurysms received dual antithrombotic medication with aspirin
100 mg and clopidogrel 75 mg before treatment. Testing for

clopidogrel resistance was performed using Multiplate-Analyzer
(Roche, Basel, Switzerland). If testing was insufficient for ASPI
and ADD the patient received clopidogrel 4x75 mg and the
Multiplate analysis was repeated. In cases of acute subarachnoid
hemorrhage, anticoagulation was ensured by periprocedural
intravenous administration of aspirin or eptifibatide (Integrilin)
after stent deployment.

RESULTS

All LVIS Jr devices were successfully deployed and implanted
without any technical complications. The immediate post-
treatment angiograms showed that 17/34 aneurysms (50%) had
immediate complete occlusion of the target aneurysms, 5
(14.7%) had 90-95% occlusion, 4 (11.8%) had subtotal occlu-
sion and 8 (23.5%) had a ‘dog ear’ occlusion. The follow-up
imaging ranged from 1 to 12 months (mean 4.4 months). One
patient was lost to follow-up. Of the aneurysms that were com-
pletely occluded on the immediate post-treatment angiogram,
94% remained occluded; one aneurysm that was completely
occluded initially converted to residual aneurysm filling. Of the
aneurysms that were 90-95% (nearly total) occluded or small
‘dog ear’ occlusion initially, 54% had converted to 100% occlu-
sion on follow-up imaging. However, the remaining 16% of
aneurysms were either stable or had only a slight increase in
filling of the aneurysm sac. These patients will have continued
follow-up imaging and, if clinically significant or if the inflow
changes from the initial baseline angiogram, retreatment will be
considered.

In a subgroup analysis, Y-stenting led to an immediate total
occlusion in 9/11 cases (82%) and nearly total occlusion (90—
95%) was observed in 2/11 cases (18%).

There were five complications associated with the treatment.
One patient developed cerebral vasospasm after stent deploy-
ment; however, this patient initially presented with an acutely
ruptured basilar tip aneurysm with a subarachnoid hemorrhage
Hunt and Hess grade 1. Two patients presented with thrombus
formation after stent placement (figure 2). Both patients were
treated with continuous intravenous administration of eptifiba-
tide for 24 h; neither had clinical symptoms and both were
asymptomatic. Control digital subtraction angiography (DSA)
investigations the following day showed that the thrombus had
completely resolved in both cases. Both patients were tested for
clopidogrel resistance before treatment but were found to have
an adequate response to clopidogrel. One patient who had
received stent-supported coiling of a middle cerebral artery
(MCA) aneurysm refused further control angiograms. However,
5 months after initial treatment this patient was admitted with
an acute MCA hemispheric stroke. DSA revealed in-stent throm-
bosis; however, the patient had stopped antithrombotic medica-
tion. The patient was reloaded with aspirin and clopidogrel but
refused further angiographic controls. Finally, one patient had
suffered multiple cardioembolic strokes since the initial aneur-
ysm treatment. Due to the poor clinical condition, a control
DSA was performed 1 year after the treatment which demon-
strated occlusion of the LVIS Jr stent in the A2 segment.
Clinically, the patient was symptomatic with a temporary contra-
lateral leg paresis.

DISCUSSION

The LVIS and LVIS Jr devices have been successfully used in pre-
vious reports®> 2° in the treatment of dissecting aneurysms>>
and also in a case where the LVIS Jr was successfully deployed
after balloon remodeling, with deployment of the LVIS Jr
device through the Scepter C balloon (MicroVention-Terumo).®



Figure 2

(A) Incidental anterior communicating artery aneurysm. (B) After deployment of the LVIS Jr stent. (C) Control after coil embolization

showing formation of a thrombus within the A2 segment of the left anterior carotid artery. (D) After 2 h intravenous administration of eptifibatide.
(E) Control after 24 h showing that the thrombus had resolved completely. (F) Three-month follow-up showing complete occlusion of the aneurysm.

However, this is the first German experience and initial clinical
series using the LVIS Jr device for different types of aneurysm
morphologies in ruptured and unruptured aneurysms. In our
series the LVIS Jr device was successfully deployed in all cases
whereas deployment rates of 80-94% have been reported when
the Enterprise or Neuroform stents were used.”” We showed
that the use of the LVIS Jr device for stent-assisted coil embol-
ization of wide-necked cerebral aneurysms leads to compara-
tively high immediate as well as very high mid-term occlusion
rates (90% total, ‘dog ear’ or near total occlusion). Other
groups have found immediate occlusion rates ranging from 46%
to 73% for total or near total aneurysm occlusion when
the Neuroform stent was used for stent-assisted coil emboliza-
tion® ? 27 and from 76% to 87.3% when the Enterprise stent
was used.'” 2% 27 Similar results have been published for the Leo
stent.?® 2% In the subgroup with Y-stenting (figure 3) we found
an immediate total occlusion rate of 82%, which corresponds to

that described in the literature. A recent multicenter study focus-
ing on aneurysm occlusion after Y-stenting reported that about
839% of cases achieved immediate total or near total occlusion.'®
However, these findings are limited by the small number of
cases in our series and have to be proved in future trials.

Although the LVIS Jr device is only recommended for a
parent vessel size to a maximum of 3.5 mm, one patient in our
series had a maximum parent vessel diameter of 5.0 mm at the
proximal landing zone in which the LVIS Jr device was used.
The LVIS Jr device was intentionally foreshortened to increase
the diameter size to accommodate the parent vessel size. The
LVIS Jr device fully apposed to the parent vertebral artery wall
well, with complete occlusion of the target aneurysm on imme-
diate and follow-up imaging. This is a potential benefit of a
braided stent compared with a laser cut stent.

Subtotal occlusion or a ‘dog ear’ configuration was not asso-
ciated with specific target vessel features such as diameter,



Figure 3

(A) Incidental wide-necked aneurysm in the middle cerebral artery. (B) Deployment of LVIS stent (3/25 mm) in the superior truncus.

(C) Coil embolization through the stent struts. (D, E) Deployment of LVIS Jr stent (2.5/4 mm) in the inferior truncus and final coiling. (F) Three-month

follow-up showing complete occlusion of the aneurysm.

aneurysm size or site of the aneurysm, making it difficult to dis-
tinguish a specific group of aneurysms which might benefit from
another endovascular treatment. Additionally, there was only a
small difference in the occlusion rates of patients who under-
went Y-stenting and those who received a single stent, but the
subgroups are too small to address this issue in depth.
Complications occurred in 5/34 cases (15%) including two
cases of thrombus formation after stent placement, so the
deployment and implantation can be considered safe although
the safety has to be investigated in detail in future trials with
more cases. Both cases of thrombus formation were successfully
treated with intravenous administration of eptifibatide. The
number of thromboembolic complications in our series was
comparable to the rates of symptomatic thromboembolic com-
plications ranging from 1.4% to 8.7% with either the
Neuroform or the Enterprise stent; however, in our series these
complications were asymptomatic. In addition, we did not

observe any thromboembolic complication in the group of
patients who underwent Y-stenting.

CONCLUSION

The deployment and implantation of the LVIS Jr seems to be
safe and effective. Due to the low profile of the LVIS Jr, it can
be deployed via a small-lumen microcatheter or dual-lumen
balloon which thereby creates the ability to access a more diffi-
cult and distal angiographic architecture. Additionally, we
observed thrombus formation to be rare (2/34, 5.9%), which
might indicate the potential for a very low number of thrombo-
embolic complications with this device.
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