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Objective 

A new Low-profile Visualized Intraluminal Support device (LVIS Blue) is a braided stent that pro-
vides a higher degree of metal coverage and increasingly used for the stent-assisted coiling of intra-
cranial aneurysms. In the present study, our preliminary experience of using LVIS Blue in the in-
ternal carotid artery (ICA) for the treatment of wide-necked intracranial aneurysms was reported. 

Methods 

This retrospective review included patients with ICA aneurysms prospectively collected from our 
database who were treated using LVIS Blue at our institution from September 2017 to December 
2018. Angiographic results, clinical outcomes, and technical issues were evaluated. 

Results 

A total of 22 patients with unruptured wide-necked ICA aneurysms were treated using LVIS Blue. 
Seven aneurysms were located in the superior hypophyseal artery, 4 in posterior communicating 
artery, 4 in ICA dorsal wall, 3 in ICA bifurcation, 2 in ophthalmic artery, 1 in ICA ventral wall, and 
1 in ICA lateral wall. During the procedure, suboptimal positioning and foreshortening of the 
stent occurred in 1 patient each. Immediate postembolization angiography showed complete 
obliteration in 13 patients (59.1%), residual neck in 4 (18.2%), and residual aneurysm in 5 pa-
tients (22.7%). Follow-up angiographic results showed complete obliteration in 19 patients 
(86.4%). In-stent stenosis (> 50% stenosis) was not observed on follow-up angiography. In addi-
tion, morbidity or mortality did not occur. 

Conclusion 

The LVIS Blue may be feasible and safe for stent-assisted coiling in ICA aneurysms. Foreshorten-
ing, suboptimal deployment, and difficulty to open proximal ends may be considerable technical 
issues in the tortuous ICA. 
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INTRODUCTION 

Stent-assisted coil embolization (SAC) has been accepted as a 
feasible option for occluding the wide-necked complex aneu-
rysms with preservation of the parent artery, associated with flow 
remodeling which promote the complete thrombosis of the coiled 
aneurysm3,5,12,15). The Low-profile Visualized Intraluminal Sup-
port device (LVIS; MicroVention, Inc., Tustin, CA) is a self-ex-
panding, compatible, and widely used closed cell-designed stent. 
The small cell structure (0.8 mm) and high metal coverage (ap-
proximately 23%) allow the achievement of greater complete or 
near-complete occlusion rate of intracranial aneurysm compared 
with the currently used microstents8). The LVIS Blue, a new mod-
ification of LVIS, is a braided stent that provides a higher degree 
of metal coverage (approximately 28%) and is increasingly used 
for SAC. The LVIS Blue showed improved wall apposition and 
aneurysm neck coverage11) and has a good crossing profile for mi-
crocatheters, better wall apposition and less perforator coverage 
than a flow redirection endoluminal device (FRED)14). 

However, clinical data regarding the safety and effectiveness of 
LVIS Blue are insufficient. Thus, in the present study, preliminary 
experience of using LVIS Blue in the internal carotid artery (ICA) 
for the treatment of wide-necked intracranial aneurysms was re-
ported. 

METHODS 

Patient Selection 
This retrospective study was approved by our Institutional Re-

view Board, and the requirement for informed consent was 
waived. Endovascular treatment of 197 aneurysms (176 unrup-
tured and 21 ruptured) in 129 patients was performed from Sep-
tember 2017 to December 2018. Among 114 aneurysms treated 
with SAC, 22 cases (all wide-necked unruptured aneurysms in the 
ICA) were treated with LVIS Blue stents. 

All 22 patients underwent digital subtraction angiography 
(DSA) and rotational angiography (Philips Allura FD20 Clarity 
System, Philips Medical Systems, Best, The Netherlands) with 
three-dimensional reconstructions to characterize aneurysm and 
parent artery anatomy (Allura 3D-RA workstation, Philips Medi-
cal Systems). Based on DSA results, the treatment decision was 
made by consensus among microvascular neurosurgeons and 
neurointerventionists. Wide-necked aneurysms were defined as 
having a neck width ≥  4 mm or a dome-to-neck ratio <  2. 

Endovascular Treatment 
All procedures were performed under general anesthesia with 

a standard approach from the common femoral artery. A 6-Fr or 
7-Fr guiding catheter was positioned in the ICA. Intravenous 
systemic heparin (50 U/kg) was administered while placing the 
guiding catheter. An activated clotting time was maintained at 
2-2.5 times that of baseline during endovascular treatment. A 
Headway-21 (MicroVention) or a Prowler Select Plus (Codman 
Neurovascular) were used to deliver the LVIS Blue stent. The 
jailing or semi-jailing techniques were primarily performed, and 
if failed, the through the strut (cell-through) technique was im-
plemented. 

Patients took a daily dose of 75 mg of clopidogrel and 100 mg 
of aspirin for more than 7 days before the SAC procedure. For pa-
tients who had insufficient premedication or when the SAC was 
planned immediately after the diagnostic DSA, loading dose of as-
pirin and clopidogrel 300 mg each was administered the day be-
fore treatment. Platelet function testing was routinely performed 
for all patients. After the procedure, patients were prescribed 75 
mg of clopidogrel daily for 3 months and 100 mg of aspirin daily 
for at least 12 months. 

Clinical and Radiographic Outcomes 
Angiographic and clinical outcomes were retrospectively re-

viewed. Follow-up angiography was performed in all patients be-
tween 6 and 24 months (mean 13.4 months) after the procedure, 
and clinical follow-up was performed for 6 – 24 months (mean 
16.5 months). The angiographic results were evaluated by 2 inde-
pendent investigators and categorized according to the modified 
Raymond-Roy classification (Class I: complete obliteration, Class 
II: residual neck, Class IIIa: residual aneurysm, contrast within coil 
interstices, Class IIIb: residual aneurysm, contrast along aneurysm 
wall). Clinical outcomes were assessed using the modified Rankin 
Scale (mRS) and evaluated at the time of discharge and out-patient 
follow-up by an independent investigator who was not involved in 
patient care. In-stent stenosis was defined as >  50% stenosis on 
follow-up angiography. After the procedure, skull X-ray was per-
formed and diffusion magnetic resonance imaging (diffusion 
MRI) was conducted at postoperative day 1. Procedural complica-
tion was defined as acute infarct or hemorrhage that impaired the 
clinical outcome and required prolonged hospital care. 

RESULTS 

Table 1 shows the data and outcomes of the 22 patients (5 
males and 17 females, age range 37 – 77 years, mean 54.1 years). 
No patient had a history of subarachnoid hemorrhage. All aneu-
rysms were located at the intracranial portion of the ICA with 
wide-necked saccular type morphology. The most common site 
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Table 1. Baseline characteristics and outcomes of 22 patients with 22 
aneurysms in the internal carotid artery

N=22
Age (year, mean±SD) 54.1±11.1
Female (n, %) 17 (77.3)
Hypertension (n, %) 9 (40.9)
Diabetes (n, %) 5 (22.7)
Dyslipidemia (n, %) 3 (13.6)
Smoking (n, %) 3 (13.6)
Aneurysm size (mm, mean±SD) 6.24±2.37
Neck size (mm, mean±SD) 4.54±1.56
Location (n, %)
 Superior hypophyseal artery 7 (31.8)
 Ophthalmic artery 2 (9.1)
 Dorsal wall 4 (18.2)
 Ventral wall 1 (4.5)
 Lateral wall 1 (4.5)
 Posterior communicating artery 4 (18.2)
 ICA bifurcation 3 (13.6)
Technical considerations of stents (n, %)
 Suboptimal positioning 1 (4.5)
 Foreshortening 1 (4.5)
Initial angiographic results (n, %)
 Complete obliteration 13 (59.1)
 Residual Neck 4 (18.2)
 Residual Aneurysm 5 (22.7)
Follow-up angiographic results (n, %)
 Complete obliteration 19 (86.4)
 Residual Neck 0 (0)
 Residual Aneurysm 3 (3)
Clinical outcomes (n, %)
 Morbidity 0 (0)
 Mortality 0 (0)

ICA: internal carotid artery; SD: standard deviation.

graphic results showed complete obliteration in 19 patients 
(86.4%). All 4 patients with residual necks and 2 patients with re-
sidual aneurysms on the immediate postembolization angiogra-
phy improved and showed complete obliteration on the follow-up 
angiography. In-stent stenosis ( >  50% stenosis) was not observed 
on follow-up angiography. With respect to clinical outcomes, 
morbidity or mortality did not occur. 

DISCUSSION 

In this preliminary study, LVIS Blue was used for the treatment 
of patients with unruptured, wide-necked saccular aneurysm in 
the ICA. Angiographic and clinical outcomes showed the LVIS 
Blue is a feasible and safe device with favorable occlusion rate. 
Several technical issues related to the mechanical characteristics of 
the LVIS stent were also elucidated during the procedure, as re-
ported in previous studies. 

In recent years, the treatment of intracranial aneurysms focused 
on the reconstruction of the parent artery and aneurysmal neck. 
Decrease of intra-aneurysmal flow can be achieved by inserting 
stents or flow diverters, with or without coil compaction. Stents are 
believed to redirect the flow in the parent artery and slow down the 
aneurysmal flow leading to thrombosis and consequently stabiliz-
ing the aneurysm1). For wide-necked aneurysms, preservation of 
the parent artery is the technical challenge in the endovascular pro-
cedure. The use of self-expandable stents or flow diverters has pro-
vided a significant advance in the treatment with high rates of com-
plete occlusion and low rates of recurrence at follow-up9). 

The LVIS is a hybrid closed-cell stent made of nickel titanium 
(nitinol) with flared ends and 2 radiopaque helices of tantalum 
strands to assist full-length visualization. The device has a high 
metal-to-surface coverage intended to help promote neo-endo-
thelization. The sliding design of its cells are feasible for crossing 
the struts with a microcatheter. According to the systematic re-
view of the LVIS device by Zhang et al., the immediate angio-
graphic results in the literature review demonstrated relatively 
lower rates of complete occlusion, progression to total occlusion 
was impressive with a high rate of complete occlusion (84.3%), 
and the thromboembolic complications were negligible, with a 
rate of 4.9%18). 

Regarding technical issues, poor wall apposition due to incom-
plete segmental expansion after application of the LVIS was re-
ported in several studies2,4,7,16). Cho et al. reported the poor wall 
apposition occurred in 9.1% of patients, with consumption of 
twist or distortion of LVIS stent at the tortuous segment or acute 
curve of the ICA4). 

The new low-profile visualized intraluminal support device, 

was superior hypophyseal artery (n = 7) followed by posterior 
communicating artery (n = 4), dorsal wall (n = 4), ICA bifurcation 
(n = 3), ophthalmic artery (n = 2), ventral wall (n = 1), and lateral 
wall (n = 1). Aneurysm size ranged from 4.94–11.31 mm (mean 
6.24 ± 2.37 mm) and neck diameter from 2.86–7.76 mm (mean 
4.54 ± 1.56 mm). Complications related to delivering or deploy-
ing the LVIS Blue stent did not occur. However, suboptimal posi-
tioning (Fig. 1) and foreshortening (Fig. 2) of the stent occurred 
in 1 patient each. 

At the end of the procedure, parent vessel patency was con-
firmed with no evidence of associated flow decrease in the cov-
ered vessel. Immediate postembolization angiography showed 
complete obliteration in 13 patients (59.1%), residual neck in 4 
(18.2%), and residual aneurysm in 5 (22.7%). Follow-up angio-
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Fig. 1. A 63-year-old female with a left posterior communicating artery aneurysm. The aneurysm is a mitten-shaped saccular sac with a daughter 
sac. The dome-to-neck ratio is 1.43 with the height of 4.6 mm and neck size of 3.2 mm. (A) A 4.5 x 23 mm LVIS Blue stent was deployed and 
the distal tips of LVIS Blue stent barely covered the aneurysm neck due to an unstable delivery of microcatheter in the ICA curve. (B) Despite 
suboptimal positioning of the stent, immediate postembolization and follow-up angiographic results showed complete obliteration of the 
aneurysm. Black arrows indicate distal tips of the stent.

Fig. 2. A 47-year-old male with a dorsal wall aneurysm in the internal carotid artery. The dome-to-neck ratio is 1.35 with a height of 6.9 mm and 
neck size of 5.1 mm. (A) A 4.5 x 23 mm LVIS Blue was deployed and the jailing technique for coiling was performed. During the procedure, 
the distal tips of the LVIS Blue showed foreshortening due to unconstrained segment of the aneurysm neck. (B) Immediate postembolization 
angiography showed residual neck of the aneurysm. Black arrows indicate initial positioning of the stent distal tips. A white arrow indicates final 
positioning of the stent distal tips after foreshortening.

A

A

B

B
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LVIS Blue, is a stent with 16 nitinol single wire-braids which is 
compatible with a 0.021-inch microcatheter and recommended 
for a parent vessel 2.5–4.5 mm in size. The metal coverage of the 
LVIS Blue is up to 28%, higher than the previous LVIS (approxi-
mately 23%) and lower than the flow redirection endoluminal de-
vice (FRED, 30–35%). In the present study, although immediate 
angiographic results demonstrated a complete occlusion rate of 
59%, progression to total occlusion was impressive with complete 
obliteration (86.4%) at the 1-year follow-up; morbidity or mortal-
ity did not occur. This result showed better angiographic and clin-
ical outcomes than in previous studies on LVIS or LVIS Blue11,18). 

Chung et al. provided informative physical properties of LVIS 
and LVIS Blue in laboratory studies and suggested the smaller an-
gle of the cell design was modified in LVIS Blue compared with 
LVIS, leading to a better ability to open the device and greater wall 
apposition in tortuous arteries and higher aneurysmal neck cover-
age. The LVIS Blue properties may play an important role in de-
creasing the development of stent thrombosis and thromboem-
bolism, which occur due to incomplete stent apposition6). In an-
other study, the technical performance based on bench-top and 
cadaver evaluations was compared between the LVIS Blue and 
the FRED, several advantages of the LVIS Blue over the FRED 
were observed. The most important finding was the feasibility for 
trans-cell approach and lesser perforator coverage with similar in-
ner neck coverage of FRED at the curved vessel models. In addi-
tion, the LVIS Blue stent is delivered through lower profile micro-
catheters (0.021-inch) than the FRED stent (0.027-inch), leading 
to easier deployment of the stent into more distal vessels and use 
as an adjunctive method14). 

The delayed improvement in aneurysm occlusion after SAC is 
considered secondary to a ‘partial’ flow-diverting effect of the 
modern coil-adjunctive stent17). Jankowitz BT et al. performed a 
computational flow analysis using 3 aneurysm models, in which 
Pipeline flow diverter was compared with high porosity (ATLAS, 
Enterprise) and moderate-to-low porosity (LVIS Blue) stents. 
The study results demonstrated flow diversion only partially rep-
resents a threshold in device design that encompasses metal sur-
face coverage10). This result indicates the LVIS Blue may be bene-
ficial for complete obliteration of an aneurysm due not only to a 
higher occlusion rate when using coils inside the aneurysm, but 
also its flow diversion effect. 

Several technical issues were elucidated in the present study. In 
the curved segment of the artery, stent torsion renders opening 
the proximal tip of the LVIS Blue stent difficult. In addition, the 
oversized LVIS Blue stent may lead to the development of a tran-
sitional zone, where the stent exits the parent artery to the aneu-
rysm neck and the device transitions from a constrained diameter 

to its unconstrained state, generally resulting in a lower metal cov-
erage surface area. This observation correlated with the previously 
published results6,14). To overcome this limitation, Lim et al. used 
an LVIS Blue stent within an Enterprise stent for patients with 
vertebral artery (VA) dissecting aneurysms, which resulted in suc-
cessful obliteration while maintaining the VA patency13). 

The present study had several limitations including the retro-
spective data collection and the small number of patients only 
with an unruptured aneurysm. The follow-up period was short, 
less than 2-years, and longer follow-up is needed to assess the sta-
bility of adequate obliteration. Due to the lack of studies on LVIS 
Blue stent, comparisons with different devices and laboratory ex-
periments to improve technical defects of LVIS Blue stent should 
be performed in additional clinical trials. 

CONCLUSION 

The LVIS Blue may be feasible and safe for stent-assisted coiling 
of ICA aneurysms. Foreshortening, suboptimal deployment, and 
difficulty to open proximal ends may be considerable technical is-
sues in the tortuous ICA. Larger cohort studies with longer fol-
low-up are necessary to support the results from this study. 
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