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Abstract. The aim of the present study was to evaluate the 
safety and effectiveness of low‑profile visualized intraluminal 
support (LVIS) stent and the pipeline embolization device 
(PED) for middle cerebral artery (MCA) aneurysm treat-
ment. Data of patients with MCA aneurysms who received 
endovascular treatment with LVIS stent or PED added to the 
hospital's database between August 2016 and March 2018 were 
retrospectively collected, and the clinical results and angio-
graphic outcomes were evaluated. A total of 43 patients were 
included in the study, of whom 23 received LVIS stents and 
20 received PED. The rate of complete occlusion was similar 
in the two groups at 6 months post-treatment (90.9 vs. 88.9%; 
P=0.832). Peri-operative complications were more frequent in 
the PED group; however, the LVIS group had more ischemic 
symptoms during the long-term follow-up. A larger aneurysm 
size (P=0.032) was associated with recanalization in the two 
groups. In conclusion, the LVIS stent and PED had acceptable 
rates of complete occlusion and aneurysm size was an inde-
pendent predictor for recanalization. LVIS is more effective 
during the peri-operative period, while PED appears to have 
higher long-term safety.

Introduction

The middle cerebral artery (MCA) is a common location for 
cerebral intracranial aneurysms (1). MCA aneurysms are a 
leading cause of ischemic stroke and subarachnoid hemor-
rhage (SAH), either of which has a high mortality rate (2). 
MCA aneurysms also increase the risk of vascular injury, as 
they incorporate with acute-angled efferent branch vessels. 
Endovascular treatment is a widely accepted technique for 
treating of MCA aneurysms due to low morbidity rates as well 
as high efficacy (3,4). At present, there are several different 
widely used clinical procedures, including reconstructive 
approaches using stents alone or in conjunction with coils (5,6).

The most widely used stents include the Neuroform 
system (Stryker) (7,8), the Enterprise Vascular Reconstruction 
Device (DePuy Synthes; Johnson & Johnson Medical Devices 
Companies) (9-11), Leo stent device (Balt Extrusion) (12,13) 
and Low‑profile visualized intraluminal support (LVIS) stent 
(Medtronic plc). The LVIS stent is the most frequently used 
approach for treating wide-necked and other types of complex 
cerebral aneurysm (14). It is a self-expanding, single-wire 
braid device with a nanoscale cell structure (0.9 mm) and 
higher metal coverage (23%) compared to Neuroform (11%) 
and Enterprise (10%) (15). LVIS also provides good physical 
support for the regeneration of vascular endothelial cells. 
Compared with blood flow‑guiding devices, the LVIS stent 
has a relatively small metal coverage, which reduces the risk 
of ischemic events (16). There is also a small LVIS stent called 
LVIS Junior (LVIS Jr) stent device, which may be deployed 
through a 0.017-inch luminal micro-catheter (17,18).

Flow-diverting stents (FDSs) offer a more physiologic approach 
to MCA aneurysm treatment and have decreased porosity and 
higher metal coverage (19). FDSs are widely used for treating 
intracranial aneurysms that are not eligible for standard coiling 
treatment, and facilitate neointimal regrowth and remodeling of 
the arterial wall (20). The pipeline embolization device (PED) is 
the most commonly used FDS. It is a low-porosity, self-expanding, 
micro-catheter-delivered stent that contains 48-individual-mesh 
cobalt chromium and platinum strands. The metal coverage 
rate may reach 30-35%, and the low-porosity structure alters the 
hemodynamics of the parent artery and reduces wall shear stress 
and promotes intraluminal emboli formation (21-23).
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The LVIS and the PED may be used for MCA aneurysm 
treatment; however, the differences between the safety and 
reliability of these two techniques remain elusive. Given this, 
a deeper understanding of angiographic outcomes following 
LVIS and PED is required.

In the present study, clinical and angiographic outcomes for 
43 patients with MCA aneurysm treated with LVIS stent or PED 
were retrospectively compared and analyzed. Factors influ-
encing stent recanalization were also examined. Furthermore, 
differences in flow reduction effects between LVIS stents and 
PED were assessed. The present study provides a comparison 
between LVIS and PED that may provide guidance regarding 
stent selection or the prediction of recanalization.

Materials and methods

Patient selection. The present study had a retrospective, 
comparative observational design. The data of patients that 
had been treated with either LVIS stent or PED were retro-
spectively collected from the database of Sir Run Run Shaw 
Hospital (Hangzhou, China), with records entered between 
August 2016 and March 2018 considered. The surgery reports, 
medical chart and radiologic images were collected and 
analyzed by four senior trained neuro‑interventionists. All 
patients received conventional digital subtraction angiography 
(DSA) of the MCA. The aneurysm morphology and diameter 
of the parent artery were recorded. The analyzed data included 
aneurysm characteristics, peri-operative complications and 
treatment follow-up information.

Inclusion/exclusion criteria. All patients received a cerebral 
angiography to confirm the diagnosis and aneurysms located 
in the trunk of the M1 or M2 segment, or bifurcation of the 
MCA, were enrolled in the present study. All non-fatal MCA 
aneurysms underwent LVIS stent or PED procedures. The 
exclusion criteria were as follows: i) Small diameter (≤1.0 mm) 
of parent artery or branch; ii) aneurysm was located in other 
vessels of the brain; ii) aneurysm ruptured prior to surgery. 
All patients who met the inclusion criteria were included in 
the study.

Endovascular treatment procedure. All patients were treated 
with anti-platelet therapy, including clopidogrel (75 mg/day) 
and aspirin (100 mg/day) for three to five days prior to the 
procedure. The procedures were performed under general 
anesthesia. Heparin was intravenously infused at an initial 
dose of 3,000 IU after the femoral sheath was placed. During 
the endovascular procedure, heparin was continuously infused 
at 1,000 IU/h to maintain heparinization. The working projec-
tion was determined by 3D rotational angiography (Siemens). 
Stent sizes were selected based on the largest diameter of the 
parent artery and the length of the aneurysm. After the stent 
was placed and the procedure was finished, patients were given 
dual anti-platelet therapy for at least six weeks and aspirin for 
a minimum of 6 months.

Aneurysm and vascular morphology definition. Rotational 
and conventional intra-arterial DSA were performed for 
3D reconstruction in all patients. Aneurysms were defined 
based on their size and diameter, and characterized as large 

(10-25 mm), small (3-10 mm) and tiny (<3 mm). Aneurysms 
with a fundus-to-neck ratio of <2 mm or neck diameter of 
>4 mm were defined as wide‑necked aneurysms. The number of 
aneurysms was calculated and measured for each patient. The 
angle changes of vessels were also measured prior to and after 
surgery using the method described by Songsaeng et al (24). 
All data were reviewed and recorded by two independent 
neuro-interventionists.

Angiographic and clinical follow‑up. On the basis of a review 
of clinical charts, delayed complications were also noted. The 
procedure-associated complications included thromboem-
bolism, headache or dizziness, and intraprocedural rupture. 
The results of aneurysm occlusion were estimated based on 
the Raymond scale (RS) (25). Clinical outcome was assessed 
using the modified Rankin Scale (mRS) score (26) to evaluate 
the neurological status at discharge and during follow-up. The 
mRS scores were assessed by two independent neuro-inter-
ventionists at the time of follow-up visits. The angiographic 
follow-up was performed using magnetic resonance angiog-
raphy (MRA) at 3 and 6 months using DSA. Based on the 
follow‑up results of DSA, the stented arteries were classified 
as stable, or with progressive occlusion or recanalization.

Statistical analysis. SPSS (version 21.0; IBM Corp.) was used 
to analyze the data. Values are expressed as the mean ± stan-
dard deviation or as number and percentage. Student's t-test or 
the Mann-Whitney U-test were used for continuous variables 
and the χ2 test was used for counting variables. Univariate 
logistic regression analysis was used to identify the predictors 
of procedural complications. P<0.05 was considered to indi-
cate a statistically significant difference.

Results

Characteristics of patients. A total of 43 patients with MCA 
aneurysms were included in the present study. The cohort 
included 26 males and 15 females with a mean age of 56.2 years 
(range, 37-79 years); 23 patients were treated with LVIS and 
20 patients with PED. The clinicopathological and demographic 
characteristics of the patients are presented in Table I. In the 
LVIS group, the mean age was 58.78 years (range, 46-79 years), 
while in the PED group, the mean age was 52.56 years (range, 
37-75 years). Risk factors included hypertension, hyperlip-
idemia, diabetes mellitus, cerebral ischemic comorbidities, 
cardiac comorbidities, smoking and alcohol abuse. There were 
no significant differences between the LVIS group and PED 
group in terms of age, sex or risk factors.

Characteristics of aneurysms. The characteristics of the aneu-
risms are provided in Table II. In the 43 patients, 60 aneurysms 
were identified, all of which were saccular. In the LVIS group, 
aneurysms had a mean diameter of 7.0 mm (range, 5.5-7.8 mm) 
and a mean neck size of 3.2 mm (range, 2.1‑4.0 mm). In the 
PED group, aneurysms had a mean diameter of 8.3 mm 
(range, 6.3‑8.5 mm) and a mean neck size of 3.7 mm (range, 
2.8-4.1 mm). In the LVIS group, 14 aneurysms were located in 
the MCA bifurcation, 10 in the M1 segment and 8 in the M2 
segment. In the PED group, there were 9 aneurysms in the MCA 
bifurcation, 9 in the M1 segment and 10 in the M2 segment.
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There was no procedure-associated mortality in either 
group. Among the 23 patients who received LVIS stent, artery 
occlusion based on instant angiographic results was scored as 
RS1 in 10 aneurysms (43.5%), RS2 in 9 aneurysms (39.1%) and 
RS3 in 4 (17.4%). In the PED group, occlusion was scored as 
RS1 in 9 (45.0%), RS2 in 6 (30.0%) and RS3 in 3 aneurisms 
(15.0%; Table II).

Anatomical follow‑up outcome. The anatomical follow-up 
outcomes are presented in Table III. The 23 patients in the 
LVIS group underwent MRA follow-up every 3 months for a 
mean duration of 7.8 months (range, 6.0-8.0 months) following 
endovascular treatment. Furthermore, 18 patients in the PED 
group underwent MRA follow-up every 3 months for a mean 
total of 7.5 months (range, 5.8-9.0 months). The patients in the 
two groups had stable aneurysm embolization at the end of the 
follow-up. A total of 22 patients (95.7%) in the LVIS group and 
18 patients (90%) in the PED group completed the 6-month 
DSA follow-up. One patient in the LVIS group declined 
the DSA follow-up and two patients in the PED group were 
excluded due to their poor clinical condition. The complete 
occlusion rate (stable + progressive occlusion) in the PED 
group was 90.9%, while it was 88.9% in the LVIS group, and 
there was no significant difference between the two groups at 
the end of the follow-up (P=0.832). In the LVIS group, two 
cases of recanalization were encountered and there were 
another two in the PED group. The recanalization rate was 
not significantly different between the two groups (P=0.832).

The factors associated with recanalization of the aneu-
rysm on follow‑up were analyzed using univariate logistic 
regression analysis (Table IV). The results indicated that the 
aneurysm size was significantly associated with recanalization 
(OR, 0.923; 95% CI: 0.835-0.997; P=0.032) and is therefore 
an independent predictor for peri-operative complications. 
Other factors, including initial occlusion rate, drug resistance 
and anterior circulation aneurysm were not associated with 
recanalization and were not statistically significant (P>0.05).

Clinical peri‑operative and follow‑up outcomes. Clinical 
peri-operative and follow-up outcomes are provided in 

Table V. In terms of peri-operative complications, parent artery 
occlusion was observed in 4 patients in the PED group, and 
one patient had cerebral vasospasm in the LVIS group. The 
other procedures were completed without any complications 
and all of the patients were discharged in an overall stable 
condition. A total of 41 patients attended the first 3‑month 
clinical follow-up. One patient in the PED group died during 
the follow-up period due to complications from congestive 
heart failure and one patient died due to intracerebral hemor-
rhage in the LVIS group. This may be explained by the lack 
of dual (aspirin and clopidogrel) anti-platelet treatment in the 
LVIS group. A total of 4 patients (18.2%) in the LVIS group 
suffered from cerebral ischemic symptoms at end of follow-up. 
Of these, one patient experienced transient ischemic attacks 
and the other three patients experienced permanent ischemia, 
which occurred 4 months after discharge. In the PED group, 
only one patient (5.2%) experienced ischemic symptoms, and 
this rate was lower than that in the LVIS group (P<0.05). At 
the 6-month follow-up, most patients (n=40) were stable and 
asymptomatic. One patient in the LVIS group complained 
about transient paresthesia at 5 months following the proce-
dure; however, the follow-up DSA revealed no intrastent 
stenosis. There were no significant differences between the 
mRS scores of the two groups at the time of discharge or over 
the whole follow-up period.

The mortality rate at the 6-month follow up was 4.3% in 
the LVIS group and 0% in the PED group. The overall perma-
nent neurological morbidity rate was 13.6% in the LVIS group 
and 0.0% in the PED group.

Discussion

MCA aneurysms frequently occur in primary MCA bifurcation 
or trifurcation and are a common cause of numerous 
life-threatening diseases, including SAH. Since the publica-
tion of the results of the International Subarachnoid Aneurysm 
Trial (27), endovascular treatment has become widely used. 
However, this treatment remains technically challenging and 
the long-term stability outcomes remain controversial. This 
study investigated patients who received LVIS stents or PED to 

Table I. Baseline characteristics of the patients.

Characteristic LVIS group (n=23) PED group (n=20) P-value

Age (years)  58.78±7.8 52.56±6.3 0.391
Male gender  15 (65.2) 11 (55) 0.494
Body mass index (kg/m2) 25.52±2.8 24.8±3.4 0.450
Smoking  7 (30.4) 9 (45.0) 0.324
Alcohol abuse  2 (8.7) 5 (25.0) 0.149
Hypertension  7 (30.4) 5 (25.0) 0.692
Diabetes mellitus  2 (8.7) 1 (5.0) 0.635
Hyperlipidemia  3 (13.0) 4 (20.0) 0.538
Cerebral ischemic symptoms 1 (4.3) 2 (10.0) 0.468
Cardiac symptoms  2 (8.9) 1 (5.0) 0.635

Values are expressed as the mean ± standard deviation or n (%). LVIS, low‑profile visualized intraluminal support; PED, pipeline embolization 
device.
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treat MCA aneurysms and aimed to determine the long-term 
clinical safety and efficacy of these two techniques.

In the 1990s, Turjman et al (28) first used a stent‑like 
endoprosthesis for the treatment of carotid artery aneurysms 
in an animal model. Since then, numerous different types of 
intracranial stent have been developed and used, including 
the Neuroform stent, Enterprise, Leo Baby, Solitaire stents 
as well as the LVIS stent (29-31). Compared with other 
stents, the LVIS stent was determined to be safer and more 
effective in treating intracranial aneurysms, particularly 
for wide-necked and dissecting aneurysms. This may be 

explained by its excellent conformability, apposition to the 
vessel wall and stability (32). A specific subtype of the LVIS 
stent called the LVIS Jr is a smaller device and may be deliv-
ered through micro-catheters (33). Recently, a systematic 
review from Zhang et al (34), including 384 patients with 
390 aneurysms, revealed that LVIS is feasible, safe and 
effective for treating intracranial aneurysms, particularly in 
the short term. A serial case report also reported that the 
LVIS Jr device has a lower risk of thromboembolic complica-
tions compared to other devices (14). In a single-center trail, 
97 patients with intracranial saccular aneurysms received a 

Table III. Follow-up angiographic results.

Parameter LVIS group PED group P-value

Number of patients followed-up  22 18 
Angiographic follow‑up time (months) 7.8±1.2 7.5±1.4 0.454
Angiographic outcome   0.832
  Stable  15 (68.2) 13 (72.2) 
  Progressive occlusion   5 (22.7) 3 (16.7) 
  Recanalization  2 (9.1) 2 (11.1) 
  Stable + progressive occlusion 20 (90.9) 16 (88.9) 
RS score at last follow-up    0.677
  RS1 16 (72.7) 12 (66.7) 
  RS2 4 (18.2) 5 (27.8) 
  RS3 2 (9.1) 1 (5.5) 

Values are expressed as the mean ± standard deviation or n (%). LVIS, low‑profile visualized intraluminal support; PED, pipeline embolization 
device; RS, Raymond scale.

Table II. Characteristics of MCA aneurysms.

Characteristic LVIS group PED group P-value

Number of aneurysms 32 (22) 28 (18) 
Location n (%)   0.765
  MCA bifurcation 14 (43.8) 9 (32.1) 
  M1 segment 10 (31.2) 9 (32.1) 
  M2 segment 8 (25.0) 10 (35.8) 
Diameter (mm) 7.0±4.1 8.3±5.6 0.305
Neck width (mm) 3.2±0.9 3.7±0.6 0.556
Parent artery diameter (mm) 3.5±0.9 3.9±1.1 0.127
Number of stents   0.809
  1  15 (46.9) 10 (35.7) 
  2  16 (50.0) 15 (53.6) 
  ≥3 1 (3.1) 3 (10.7) 
Initial RS score    0.683
  RS1 10 (43.5) 9 (45.0) 
  RS2 9 (39.1) 6 (30.0) 
  RS3 4 (17.4) 3 (25.0) 

Values are expressed as the mean ± standard deviation or n (%). LVIS, low profile visualized intraluminal support; PED, pipeline embolization 
device; MCA, middle cerebral artery; RS, Raymond scale.
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LVIS stent and none of them had any target aneurysm recur-
rence and no mortalities occurred (35). For other types of 
aneurysm, including blood blister-like aneurysms, the LVIS 
stent is associated with a lesser risk of aneurysm recurrence 
compared to non-LVIS stents (36). Compared with enterprise 
stent-assisted coiling, the LVIS achieved a similar complete 
and near‑complete aneurism embolization rate (37). In 
the present study, the patients who received the LVIS stent 
had fewer peri-operative complications compared with those 
in the PED group, suggesting that the LVIS stent is safer 
in the short term, which is consistent with Zhang et al (34)
meta-analysis study. However, patients in the LVIS group 
experienced more ischemic symptoms during long-term 
follow-up compared with those in the PED group, suggesting 
the LVIS stent may cause microthrombosis.

The PED is a flow diverter device that may be placed across 
the aneurysm neck to disrupt and divert the flow to the point of 
stagnation. This results in the remodeling of the arterial wall, 
reducing the rate of rupture and lowering the recanalization 
rate (38). The first clinical use of a PED was reported in North 
America in 2008 (39), where PEDs are made of 25% platinum 
and 75% nickel-cobalt chromium, with a high metal coverage 
(30-35%). The diameter of this device ranges from 2.5 to 5 mm. 
Originally, the PED was indicated for fusiform or wide-necked 
aneurysms; however, this device is used to treat other types 
of aneurysm, including anterior cerebral artery aneurysms, 

recurrent aneurysms and dissect aneurysms (40-42). A 
meta-analysis including 200 patients and 215 aneurysms 
treated with PED revealed that the complete obliteration rate of 
PED for giant intracranial aneurysms was ~60% (43). Another 
systematic review focusing on complications and mortality 
rate after PED treatment indicated no significant difference 
between the PED and the silk flow-diverter device (44). 
Furthermore, Rouchaud et al (45) reported that in a study of 
265 patients, PED had a significantly higher long‑term aneu-
rysm occlusion rate compared with that of other endovascular 
techniques; however, other outcomes, including mortality and 
hemorrhage, were not significantly different. However, when 
treating acutely ruptured aneurysms, the application of PED 
remains limited (45). In the present study, although patients 
in the PED group had more peri-operative complications, the 
recanalization rate was lower compared with that in the LVIS 
stent group. In the long term, PED treatment appears to be 
safer due to the lower rate of ischemic symptoms.

Endovascular treatment is now the most commonly used 
treatment option for MCA aneurysms over craniotomy clip-
ping. MCA aneurysms may be treated using either a LVIS 
stent or PED (46). For instance, Feng et al (17) reported on the 
treatment of 18 MCA aneurysms with the LVIS Jr; the rate of 
complete occlusion was 44.4% without any technical issues and 
it was suggested that the LVIS Jr stent is safer and more effec-
tive for treating the wide-necked MCA aneurysms compared 

Table V. Clinical peri-operative and follow-up outcome.

Results LVIS group PED group P-value

Peri-operative complications    
  None  22 (95.7) 16 (80.0) 0.488
  Parent artery occlusion  0 (0.0) 4 (20.0) 0.024
  Cerebral vasospasm  1 (4.3) 0 (0.0) 0.345
mRS score 0-2    
  At discharge  22 (95.7) 18 (90.0) 0.468
  During clinical follow-up  16 (72.7) 12 (66.7) 0.677
Neurological morbidity  3 (13.6) 0 (0.0) 0.057
Cerebral ischemic symptoms 4 (18.2) 1 (5.2) 0.085
All-cause mortality  1 (4.3) 0 (0.0) 0.603

LVIS, low‑profile visualized intraluminal support; PED, pipeline embolization device; mRS, modified Rankin Scale.

Table IV. Predictors of peri-operative complications.

 Univariate analysis
 -------------------------------------------------------------------
Parameter OR 95% CI P-value

Aneurysm size (>10 mm) 0.923 0.835‑0.997 0.032
Initial occlusion rate (complete vs. incomplete) 0.938 0.357-2.654 0.825
Drug resistance (present vs. absent) 1.589 0.988-4.325 0.135
Anterior circulation aneurysm (present vs. absent) 1.000 0.316-2.655 1.000

LVIS, low‑profile visualized intraluminal support; OR, odds ratio; CI, confidence interval.
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to other treatment approaches. Yavuz et al (47) reported on 25 
aneurysms located at the MCA bifurcation that were treated 
with PED and no deaths occurred, suggesting it is a safe and 
effective treatment alternative for wide-neck MCA aneurysms. 
PEDs have more flexibility and better transport properties and 
therefore offer a promising treatment for wide-necked MCA 
aneurysms. To the best of our knowledge, a comparison of 
outcomes between these different techniques has not been 
previously performed. In the present study, information from 
43 patients with MCA aneurysms added to the database between 
August 2016 and March 2018 was retrospectively collected and 
reviewed. Patients either received an LVIS stent or a PED. The 
results suggested that the rate of complete occlusion was similar 
in the two groups at 6 months post-procedure (90.9 vs. 88.9%; 
P=0.832). Peri-operative complications were more common 
in the PED group; however, more ischemic symptoms were 
encountered in the LVIS group during long-term follow-up. 
The recanalization rate was lower in the PED group. A larger 
aneurysm size was associated with recanalization in the two 
groups. The present results suggested that the LVIS and the 
PED had acceptable rates of complete occlusion in the treat-
ment of MCA aneurysms, with LVIS being more effective in 
the peri-operative period and PED being safer in the long term.

There are certain limitations of the present study that should 
be considered. First, it was a retrospective study with a relatively 
small sample size. Therefore, studies with larger sample sizes 
should be performed. Furthermore, all data were collected in a 
single center; thus, a selection bias may have prevailed. In addi-
tion, the follow-up period was relatively short, and therefore, 
the present results may not allow for any conclusions regarding 
long-term outcomes. Further studies are required with a larger 
sample size and a longer follow‑up period.

The present study assessed 43 patients with 60 aneurysms. 
In the LVIS and the PED group, the complete occlusion rate 
was acceptable and there were no significant differences. The 
PED group was indicated to have a lower rate of recanalization. 
LVIS proved to be more effective during the peri-operative 
period, while PED appears safer in the long term. Finally, 
aneurysm size was identified to be an independent predictor 
of recanalization.
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