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Purpose: Low-profile, self-expandable stents have broadened therapeutic options available 
for definitive treatment of intracranial aneurysms. The novel Low-Profile Visualized Intraluminal 
Support (LVIS) EVO stent extends upon the success of its predecessor, the LVIS Jr stent, aiming 
to enable higher visibility and greater opening ability within a self-expandable and fully retriev-
able microstent system. In this study, we aim to report the early safety and feasibility experi-
ence with the LVIS EVO stent.
Materials and Methods: A multicenter, retrospective, observational study was conducted 
on patients who had intracranial aneurysms treated with the LVIS EVO stent across 3 Australian 
neurovascular centers between February 2020 and September 2020. Short-term technical and 
clinical outcomes were evaluated.
Results: A total of 22 LVIS EVO stents were successfully implanted to treat 15 aneurysms (3 rup-
tured, 12 unruptured) in 15 patients. Aneurysms ranged from 2 mm to 35 mm in dome height. The 
LVIS EVO stent was used for stent-assisted coiling in 11 patients and flow diversion in 4 patients. 
There were no device-related procedural complications. There were 2 cases of peri-procedural 
symptomatic thromboembolic complications and no procedure-related mortality. At early 
radiological follow up, 10 patients had complete occlusion, 4 patients had small neck remnants, 
and 1 patient who was managed with flow diversion had a residual aneurysm.
Conclusion: Early experience with the LVIS EVO stent demonstrated safety and feasibility for 
stent-assisted coiling as well as flow diversion for intracranial aneurysms. In this heterogeneous 
cohort, including ruptured, complex, and large aneurysms, all cases were technically successful. 
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INTRODUCTION

Stent-assisted coiling (SAC) is a well-established technique 
for the endovascular treatment of intracranial aneurysms, 
particularly those that are wide-necked.1 Among the diversi-
fied adjuvant stent technologies in recent years, the advent 
of low-profile, self-expandable stents has enabled compat-
ibility with microcatheters down to internal diameters of  
0.0165-inch, facilitating safer and easier navigation into dis-
tal or delicate arteries with diameters as small as 1.5 mm.2 
One such example is the Low-Profile Visualized Intraluminal 
Support (LVIS) and LVIS Jr stents (MicroVention, Tustin, CA, 
USA). After several clinical studies demonstrating long-term 
safety and efficacy for SAC of wide-necked aneurysms, these 
first-generation LVIS devices were the first stents to be grant-
ed premarket approval for intracranial SAC by the US Food 
and Drug Administration (FDA) in 2018, ahead of the Neuro-
form Atlas stent (Stryker, Kalamazoo, MI, USA) in 2019.3

The LVIS EVO device is the latest second-generation ver-
sion of the LVIS Jr device which features improved visibility 
via drawn filled tube (DFT) wires, comprising a nitinol ex-
terior and a platinum core (Fig. 1), alongside 4 radiopaque 
markers on each end of the implant and a 5 mm radiopaque 
pusher tip. It can be introduced by a microcatheter with an 
inner diameter of 0.0165-inch or 0.017-inch. The flared ends 
of the LVIS EVO stent are shorter than predecessor LVIS stents 
(0.5 mm vs. 1.5–2.5 mm), aiming to provide more flexible 
anchorage, particularly in small or tortuous vessels. The LVIS  
EVO stent is available in a variety of sizes, ranging from 2.5 mm  
to 4.0 mm in outer diameter, and from 12 mm to 34 mm 
in length. Once deployed, the stent can be deployed and 
resheathed by a single operator thus facilitating easier reposi-
tioning. A degree of flow-diversion is provided by its closed-
cell design with increased metal coverage (28%) compared 
to previous intracranial stents such as the LVIS Jr (17–23%), 
LEO (Balt Extrusion, Montmorency, France) (14%), and Neuro-
form (5–10%).3-5 This degree of metal coverage is approach-
ing that of dedicated flow-diverting stents, which generally 
have at least 35% metal coverage in order to achieve greater 
than 95% angiographic aneurysm occlusion.6 

Our study aims to report our early safety and feasibility 
experience with the LVIS EVO stent when used in SAC and 
flow-diversion (FD) applications for the treatment of rup-
tured and unruptured intracranial aneurysms. 

MATERIALS AND METHODS

A multicenter retrospective observational study was con-
ducted across 3 tertiary referral hospitals in Australia. This 
study included all consecutive patients with non-dissecting 
intracranial aneurysms treated endovascularly with the LVIS 
EVO stent over an 8-month period from 1st February 2020 to 
30th September 2020. Six fellowship-trained neurointerven-
tionists were involved as the primary operators across these 
cases. Data were retrospectively collected from the electron-
ic medical records by investigators with pre-existing access 
to the records at each of the 3 institutions. This study was 
approved by the Institutional Review Boards.

Medications
All elective cases received dual antiplatelet pre-medication 
with acetylsalicylic acid (ASA; 100 mg daily) and either clopi-

LVIS

LVIS Jr

LVIS EVO

A B

C
Fig. 1. Drawn-filled tube wire technology of the Low-Profile Visualized 
Intraluminal Support (LVIS) EVO device (A), allowing radio-opacity of 
the entire length of the stent body, as compared to the pure nitinol 
wires used in LVIS and LVIS Jr (B). (C) Visual comparison between LVIS, 
LVIS Jr, and LVIS EVO stents. 

Platinum
Nitinol
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dogrel (75 mg daily), prasugrel (10 mg daily), or ticagrelor 
(90 mg twice daily) for at least 5 days before the procedure. 
In emergency cases, antiplatelet pre-medication was given 
with 300 mg clopidogrel via the oral or nasogastric route, as 
well as 1,000 mg of intravenous (IV) ASA administered at the 
commencement of the procedure. Intraprocedural IV hepa-
rin (80 IU/kg) was administered in all cases.

Procedural technique
All procedures were performed under general anesthesia in 
a dedicated biplane angiography suite. Common femoral 
artery access was obtained followed by insertion of an intro-
ducer sheath between 6F and 9F. In cases of SAC, a “semi-jail-
ing” double microcatheter technique was employed. A 
first microcatheter was navigated into the aneurysm sac  
(Fig. 2A) before partial deployment of the LVIS EVO stent 
across the aneurysm neck (Fig. 2B) and subsequent delivery 
of coils via the first microcatheter (Fig. 2C). Whereas the tra-
ditional jailing technique is more compatible with the LVIS Jr 
stent, this technique is more suitable for the LVIS EVO stent 
because the microcatheter can be difficult to recross the 
high metal coverage walls in case microcatheter kick-back 
occurs. Additionally, partial deployment during coil-packing 
allows the first microcatheter a degree of mobility during coil 
delivery, so there is some control over the coil mass. Once 

dense coil packing is achieved, the stent is fully deployed 
and the final coil is delivered, preventing microcatheter “kick-
back” at this point. 

For cases of SAC, immediate occlusion results were graded 
on the final digital subtraction angiography (DSA) run using 
the modified Raymond-Roy Occlusion Classification (RROC): 
complete occlusion (Class I); residual neck (Class II); residual 
aneurysm with contrast within coil interstices (Class IIIa); or 
residual aneurysm with contrast along the aneurysmal wall 
(Class IIIb).7 For cases of FD, immediate angiographic out-
comes were graded using the O’Kelly-Marotta (OKM) scale, 
in which the initial degree of filling is graded in descending 
order (A, B, C, D) and the degree of stasis is graded in ascend-
ing order (1, 2, 3).8

Post-procedural care and follow-up
Post-procedurally, patients were transferred to a high depen-
dency unit or intensive care unit for strict hemodynamic and 
neurological monitoring. All patients commenced dual anti-
platelet therapy (the same 2 agents given pre-procedurally, or 
if given IV ASA loading, aspirin and clopidogrel) from 24 hours  
post-procedure, for at least 6 months. Elective patients were 
discharged after at least 24 hours of post-procedural moni-
toring. For patients treated emergently, non-contrast brain 
computed tomography was performed day 1 post-pro-
cedure to assess for change in pathology and screen for 
procedural complications, such as infarction or hemorrhage. 
All patients were planned to undergo imaging follow-up 
within 1 to 3 months post-procedure with brain magnetic 
resonance imaging (MRI) including 3D time of flight (TOF) 
magnetic resonance angiography (MRA) (MRI/MRA).

RESULTS

A total of 15 intracranial aneurysms in 15 patients were treat-
ed using 22 LVIS EVO stents across 3 tertiary referral centers 
over the study period (between February–September 2020). 
The study population comprised 10 females and 5 males, 
with a mean age of 63 years (range: 49–90 years). All except 
2 aneurysms were considered wide-necked, as per the fol-
lowing consensus definition: neck width ≥4 mm or dome 
width-to-neck width ratio of <2.9 Further details about each 
patient’s presentation, aneurysm characteristics, procedural 
technique, and outcomes are summarized in Table 1. 

Three of the aneurysms were ruptured; 2 of which were 

A

B

C

Fig. 2. Semi-jailing double microcatheter technique. (A) The first mi-
crocatheter is positioned with its tip in the aneurysm sac. (B) A second 
microcatheter is used to partially deploy the stent across the aneurysm 
neck, securing the first microcatheter between the stent and the ves-
sel wall. (C) The stent is fully deployed after dense coil packing.
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readily identified as the source of subarachnoid hemorrhage 
(SAH) and hence treated emergently (Case 8 and 14). The 
remaining ruptured aneurysm (Case 9, Fig. 3) was only identi-
fied once thrombosed on a delayed MRI performed 6 weeks 
post-SAH; hence the patient was readmitted for elective 
stent-assisted coiling. Of the 12 patients with unruptured  
aneurysms, all were treated electively except for 1 patient 
(Case 2) who presented to the emergency department with 
a thunderclap headache and underwent urgent endovascu-
lar treatment of a complex multilobular aneurysm.

Eleven patients had their aneurysm coiled with assistance 
from the LVIS EVO stent to stabilize the coils and prevent coil 
prolapse. In the remaining 4 patients (Cases 2, 9, 14, and 15), 
the LVIS EVO device was used for flow diversion. The reasons 
for using flow diversion were varied. Case 2 presented with 
high clinical suspicion for SAH and in an emergent investiga-
tive DSA, 4 LVIS EVO stents were deployed into the anterior 
communicating artery (ACOM), left A1, and left A2 segments 
to exclude a 7×8 mm (dome width×height) multilobulated 
aneurysm with a high rupture risk. Its location at the left 
ACOM-ACA bifurcation meant that coil embolization posed 
an unacceptable risk of coil protrusion, and a small recurrent 
artery of Heubner arising from the aneurysmal sac meant 
that coil embolization also presented a risk of iatrogenic 
Heubner cerebral infarction. Case 9 was also treated with 
FD due to the dysplastic morphology and a small caliber of 
the parent posterior cerebral artery (PCA) (P3 segment), pro-
hibiting access for 2 catheters. Case 14 was treated with FD 
given the small blister-like aneurysm, which implied that SAC 
would present a higher risk of rupture due to thinner aneu-

rysmal walls.10 For Case 15, FD was pursued because of the 
giant size of the cavernous aneurysm (18×35 mm). Two LVIS 
EVO stents were specifically selected for this case, aiming to 
utilize the flexibility and opening ability of the stent in order 
to accommodate the size mismatch between the proximal 
and distal portions of the stenosed internal carotid artery 
(ICA).

All cases had a technically successful result, with no failed 
deployments and no intraprocedural complications. Of the 
11 patients treated with SAC, 9 patients achieved adequate 
occlusion (RROC I in 7 patients and RROC II in 2 patients). The 
remaining 2 patients (Cases 6 and 7) had large aneurysms 
(dome width of 14 mm and 24 mm), where RROC IIIa and 
IIIb occlusion was achieved respectively and on short-term 
follow-up MRI/MRA, and both had a minor residual aneu-
rysm neck (Fig. 4). This was expected given that a calculated 
decision was made to avoid dense coil packing in order to 
prevent long-term mass effect of the coiled aneurysm onto 
the parent artery and to allow for gradual thrombosis via 
flow-diverting properties of the stent.

For all 4 patients treated with FD, satisfactory stent position-
ing was achieved with good aneurysm neck coverage. On 
the immediate post-treatment angiogram, all patients had  
reduced aneurysmal filling and increased stasis, with 2 cases 
achieving OKM grade B2 and 2 achieving OKM grade C3. 

In the 30-day post-procedure period, there were no deaths. 
Two patients (13.3%) experienced symptomatic thrombo-
embolic complications (Cases 1 and 3) and were discharged 
with modified Rankin Scale (mRS) scores of 3 and 2 respec-
tively. Case 1 was an elderly patient who underwent elective 

Fig. 3. Case 9. (A) Microcatheter tip near the base of a small aneurysm arising from a tortuous right P3 segment. (B) The Low-Profile Visualized Intra-
luminal Support (LVIS) EVO stent was easily and successfully deployed as a flow-diverting stent within an Acclino flex plus stent, achieving significant 
slowing of inflow into the aneurysmal sac on final angiographic run (C). 
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SAC of an unruptured recurrent posterior communicating 
artery aneurysm. Having received positive pressure venti-
lation, the patient unfortunately suffered a significant hae-
mopneumothorax during the procedure and thus required 
emergent IV platelets and heparin reversal. Along with a 
period of hypotension, this likely contributed to the throm-
boembolic complication, a small cortical right superolateral 
frontal lobe infarction. Case 3 was a patient with a recurrent 
basilar tip aneurysm after previous rupture and treatment 
with a WEB device (Sequent Medical Inc., Aliso Viejo, CA, 
USA). One day after an uncomplicated elective SAC, achiev-
ing RROC I, the patient developed ataxia and hemianopia 
and was found to have a left paramedian midbrain infarct, 
which was managed conservatively. This patient was dis-
charged home and on 6-week clinical follow-up had an mRS 
score that improved from 2 to 1, with an ongoing degree of 

right visual field loss only. One other patient was discharged 
with an mRS score of 1—an elderly patient with acute SAH 
(Case 8), who was discharged to rehabilitation in a generally 
deconditioned state without focal neurological deficits. The 
remaining 12 patients (80.0%) were discharged home with 
an mRS score of 0.

In terms of radiological follow-up, 13 patients (86.7%) re-
ceived an MRI/MRA within 1–3 months (average 1.5 months). 
Of the 2 patients who did not undergo follow-up MRI/MRA, 
1 (Case 15) had an absolute contraindication to MRI so un-
derwent CT angiography (CTA) instead at 1 and 3 months, 
while the other patient was lost to MRI/MRA follow-up. 

At follow-up MRI, 8 patients (61.5%) had complete occlu-
sion of the aneurysm, while 4 patients (30.8%) had a minor 
neck remnant and 1 patient (7.7%) had residual aneurysm 
after FD (Case 2). In Case 2, given that the flow signal was 

Fig. 4. Low-Profile Visualized Intraluminal Support (LVIS) EVO-assisted coiling of an unruptured right supraclinoid internal carotid artery (ICA) aneu-
rysm. (A) Frontal projection DSA with contrast injection in the right cavernous ICA. (B) LVIS EVO device amid deployment, with radiopaque delivery 
tip visible within the right MCA and 4 radiopaque markers at the distal end of the implant. Note undetached coils within the aneurysm sac to help 
with stability of the jailed microcatheter. (C, D) Progressive packing of the aneurysm with coils. (E) Final DSA run demonstrating a subtle degree of 
contrast opacification along the aneurysmal wall.
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reduced compared to baseline imaging, and factoring in the 
aforementioned complex anatomy of the aneurysm which 
rendered treatment technically challenging, it was deemed 
an acceptable early outcome and a multidisciplinary decision 
was made to step down to single-agent antiplatelet therapy 
to facilitate gradual aneurysm thrombosis.

DISCUSSION

The latest generation LVIS EVO stent has extended upon 
the success of its predecessors in broadening the scope for 
endovascular treatment of aneurysms associated with wide-
necked, tortuous, or delicate vascular anatomy.

Our results suggest that DFT technology results in im-
proved visibility of the stent under fluoroscopy allowing 
more controlled stent positioning. There was a 100% success 
rate in LVIS EVO stent implantations in our series with com-
plete neck coverage and good wall apposition with no cases 
requiring repositioning. Despite the LVIS EVO stent featuring 
shorter flared ends than its predecessors, this did not affect 
stent anchorage upon deployment and there were no cases 
of stent migration intra-procedurally or on follow-up angiog-
raphy. 

Furthermore, the improved radial force was evidenced by 
neither coil prolapse nor ribboning, as well as robust open-
ing ability even in complex vascular anatomy. For example, 
in the tortuous and stenosed P3 segment of Case 9, it was 
possible to navigate and deliver the LVIS EVO stent system 
to the aneurysm easily. In this case, a 2.5×17 mm LVIS EVO 
stent was deployed without difficulty within a 3.0×30 mm  
Acclino flex plus stent (Acandis, Pforzheim, Germany) to 
provide more radial force against the tightly stenosed artery 
(1.5 mm diameter), achieving immediate slowing of inflow 
and stasis within the aneurysmal sac. In this case, the stent’s 
braided wires with small cell size provided an excellent FD 
effect within the small artery. Additionally, despite the in-
creased risk of stent thrombosis associated with higher metal 
coverage, all patients with early angiographic follow-up had 
patent stents.

While the rate of complete occlusion (RROC I) on the final 
DSA run was only 63.6% (7/11) in the SAC population, 3 out of 
the 4 incompletely coiled aneurysms included 2 large, wide-
necked aneurysms (Case 6 and 7) which deemed to be at 
high risk for coil protrusion, and 1 acutely ruptured aneurysm 
(Case 8). These cases had no periprocedural complications 

and demonstrated satisfactory results on MRA follow-up. 
The 2 cases of symptomatic thromboembolic complica-

tion were unexpected in the context of both being elec-
tive procedures in unruptured aneurysms with planned 
preprocedural antiplatelet loading and no intraprocedural 
difficulties. In one of these, the intraprocedural haemopneu-
mothorax, possibly related to positive pressure ventilation, 
led to hypotension and hypovolaemia requiring platelet and 
whole blood transfusion, which would have contributed to 
a prothrombotic state, increasing embolic risk. In the other 
case, it is possible that the patient may have had a subop-
timal response to aspirin or clopidogrel, given that platelet 
activity tests are not routinely performed at our institutions. 
These 2 cases suggest that the complication rate from elec-
tive treatment was relatively high at 17% (2/12); however, this 
is biased by a small sample size, and the complications are 
not invariably related to the properties of the stent nor tech-
niques associated with its usage.  

In comparison to our study with immediate complete 
occlusion (RROC 1) in 64% (7/11) of SAC cases, 2 recent sin-
gle-center observational studies of LVIS EVO SAC (Sirakov et 
al.11 [n=6]; Poncyljusz et al.12 [n=35]) both reported immedi-
ate RROC 1 in 100% of cases. The poorer angiographic out-
comes in our study may be explained by a number of differ-
ences in baseline aneurysm characteristics. First, we included 
a greater proportion of patients with posterior circulation 
aneurysms than Sirakov’s or Poncyljusz’s studies (38.5% [5/13] 
vs. 16.7% [1/6] vs. 11.4% [4/35]). It is established that endovas-
cular treatment of posterior circulation aneurysms is techni-
cally more challenging and carries a higher risk of recurrence 
than that of anterior circulation aneurysms.12,13 Second, our 
series featured large and complex aneurysms, compared 
to Sirakov’s study, which only included small saccular aneu-
rysms (≤10 mm in dome height) that are less predisposed to 
recurrence.14 In comparison to Poncyljusz’s study, our series 
featured a greater proportion of wide-necked aneurysms 
(45.7% [16/35] vs. 86.7% [13/15]), in which complete occlusion 
is technically more challenging to achieve. Finally, a greater 
proportion of our cases were treated in an emergency set-
ting (26.7% [4/15]) compared to Sirakov’s study, which only 
included elective, unruptured, or previously treated aneu-
rysms, as well as Poncyljusz’s study, which had 17.1% (6/35) of 
emergency cases. Compared to elective settings, emergency 
aneurysm treatment is generally challenged by greater intra- 
and peri-procedural risks and less opportunity for preproce-
dural planning.14 
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The third and largest study to date reporting the use of the 
LVIS EVO stent is Vollherbst’s recent retrospective multicenter 
review of 57 patients across 11 European neurovascular 
centers.15 Similar to our study, Vollherbst’s study population 
included several complex patient and aneurysm charac-
teristics, such as emergency cases (15% SAH, 3.4% ischemic 
stroke), non-saccular aneurysms (5.1% dissecting aneurysms, 
1.7% blisterlike aneurysms), and wide-necked aneurysms 
(95%). The rate of immediate complete occlusion was 54%, 
as compared with 64% (7/11) in our SAC cases, and 100% 
in Sirakov and Poncyljusz’s studies—again suggesting the 
effect of patient selection. Of note, Vollherbst’s study is the 
first to report any cases of failed LVIS EVO stent deployment 
(6.8% [n=4] required in-stent angioplasty) or periprocedural 
stent-related complications (10.2% [n=6]). These complica-
tions included 3 cases of in-stent thrombosis, 1 case of coil 
protrusion into the parent vessel, 1 case of stent shortening, 
and 1 case of insufficient opening. Two of the cases of in-
stent thrombosis may be explained by the fact they were 
ruptured aneurysms where pre-procedure antiplatelet 
loading was prohibited. Furthermore, the case of insufficient 
stent opening occurred in a tortuous ICA (180º curve at prox-
imal stent site), while the case of stent shortening occurred 
only after in-stent angioplasty. Given that Vollherbst’s study is 
the first published report of difficulties opening the LVIS EVO 
stent, as well as shortening with subsequent balloon remod-
eling, further studies with technical data are of value in order 
to delineate risk factors for unsuccessful deployment.  

As an early feasibility study, this study has several limita-
tions. There is a high risk of sampling bias given the small 
patient population examined. Additionally, the heterogene-
ity of the patient population, such as the inclusion of rup-
tured aneurysms, introduces confounding factors that may 
substantially skew outcomes but are also more reflective of 
real-world practice in major neurovascular centers. In-person 
follow-up was prohibited for most patients in the context of 
local restrictions enforced during the COVID-19 pandemic, 
and hence early clinical follow-up was limited in this study. 
Moreover, the short imaging follow-up period precludes ac-
curate assessment of medium-to-long term outcomes and 
the need for re-intervention. 

CONCLUSION

The present multicenter study is the first Australian study 

to date describing the use of the LVIS EVO device in clinical 
practice for the treatment of intracranial aneurysms. Across 
a range of elective and emergency situations, the LVIS EVO 
device demonstrated feasibility and safety for both SAC and 
FD techniques. Prospective, comparative, larger-scale studies 
are necessary to confirm the long-term efficacy, safety, and 
potential superiority of the LVIS EVO stent relative to other 
existing devices.
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