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Neuroform atlas versus LVIS—
assisted coil embolization of
wide-neck intracranial
aneurysms: a retrospective
cohort study

Yang Zhang', Shengli Shen', Zhangzheng Liao' and
Hongzhou Duan*

Department of Neurosurgery, Peking University First Hospital, Beijing, China

Background: Currently, Neuroform Atlas stent and LVIS stent are widely used in
assisting coil embolization of wide-necked intracranial aneurysms (WNIAs), but
direct comparisons of their safety and effectiveness are rare. This study aims to
compare the embolization effect, complications, and prognosis of Neuroform
Atlas stent and LVIS stent in assisting coil embolization of WNIAs.

Methods: We retrospectively analyzed 60 patients who underwent coil
embolization of WNIAs with the aid of Neuroform Atlas stent or LVIS stent from
July 2017 to January 2024. They were divided into Neuroform Atlas group
(n = 26) and LVIS group (n = 34). The patients’ baseline data, immediate effects,
perioperative complications, and follow-up data were collected and compared.
Results: A total of 60 patients with 61 WNIAs underwent stent-assisted coiling
with deployment of Atlas (n = 29) or LVIS (n = 34). The immediate complete
obliteration (Class | of Modified Raymond-Roy Classification, MRRC) rate of
aneurysm was 81.5% (22/27) in the Atlas group and 73.5% (25/34) in the LVIS
group. The rates of intraoperative and postoperative ischemic and hemorrhagic
complications were 0 and 5.9% (2/34) per patient in the Atlas group and LVIS
group, respectively. Follow up digital subtraction angiography (DSA) showed
that 88% (22/25) of aneurysms in Atlas group and 87.5% (28/32) of aneurysms
in LVIS group were completely occluded with MRRC grade 1. There was no
significant difference in the degree of occlusion (p = 0.955) or modified Rankin
Scale (mRS) score (p = 0.438) between the two groups at follow-up.
Conclusion: In our single-center retrospective exploratory study, both
Neuroform Atlas stent and LVIS stent seem to perform good safety and efficacy in
assisting coil embolization of WNIAs, however, further multicenter randomized
controlled studies with larger patient series and a longer follow up period will
be helpful in elucidation of both the efficacy and the longevity.
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1 Introduction

With the development of interventional devices, endovascular
treatment has become one of the main therapies of intracranial
aneurysms (1). A wide-necked intracranial aneurysm (WNIA) is
defined as an aneurysm with a neck width >4.0 mm or a maximum
aneurysm dome-diameter-to-neck-width ratio < 2, or both (2). As the
neck is relatively wide, the coil is easily displaced into the parent artery
or the distal end when treated with conventional coil embolization. In
1997, Higashida used an intravascular stent and coils in the treatment
of a ruptured fusiform aneurysm of the basilar artery (3). Compared
with the conventional endovascular treatment method, the stent can
form a barrier at the neck of the intracranial aneurysm, preventing the
coil from falling out through the wide aneurysm neck. Previous
studies have confirmed that stent-assisted coiling (SAC) technique
yields favorable long-term anatomical results in the treatment
of WNIAs.

Currently, the vascular stents used for SAC mainly include
laser-cut stents such as Neuroform Atlas (Stryker, USA) and
Enterprise (Codman, USA), and braided stents such as LVIS
(Microvention, USA) and LEO (Balt, France). These two types of
stents differ significantly in mechanical structure and physical
properties (4). Neuroform Atlas stent and LVIS stent are commonly
used in assisting coil embolization in the treatment of WNIA in
Peking University First Hospital. Herein, we retrospectively review
the WNIA patients who were previously treated with these two stents
in our hospital and analyze their efficacy. We also conducted a
literature review to analyze the safety and reliability of these
two stents.

2 Methods
2.1 Patient population

This study retrospectively analyzed patients with intracranial
aneurysms treated by one neurointerventional group in the
Department of Neurosurgery at Peking University First Hospital from
July 2017 to January 2024. Inclusion criteria were:(1) Patients older
than 18 years; (2) Patients underwent imaging examinations, such as
digital subtraction angiography (DSA), computed tomography
angiography (CTA), and magnetic resonance angiography (MRA) to
confirm the diagnosis of WNIAs (diameter > 4.0 mm or dome-to-
neck ratio < 2); (3) Patients with indications for aneurysm surgery
which were the same as reported in literature (1) (ruptured aneurysm
or corresponding clinical manifestations, or large aneurysm, irregular
shape or sub aneurysm, etc.); (4) Patients or family members agreed
to do the neurointerventional operation; (5) Patients were treated with
only one kind of stent, namely Neuroform atlas stent or LVIS stent; (6)
Patients were able to receive regular follow-up and signed informed
consent form. Exclusion criteria were: (1) Patients with a preoperative
Hunt-Hess grade of 5. (2) Patients complicated with severe cardiac
insufficiency or pulmonary insufficiency, and there were
contraindications to anesthesia or surgery; (3) Patients were allergic
to contrast agents or metals; (4) Concurrent use of other brands of
stents or intrasaccular flow disruptor device (IFDD); (5) There were
contraindications related to stent implantation, such as the inability to

use antiplatelet due to gastrointestinal bleeding, hematological
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diseases, etc. (6) Fusiform or pseudoaneurysms; (7) Patients failed to
complete at least once follow-up or review.

Finally, 60 patients who underwent coil embolization for WNIAs
assisted by the Neuroform Atlas stent or LVIS stent to assist coil
embolization of WNIAs were enrolled, of which 8 patients had
subarachnoid hemorrhage (SAH). Written informed consent was
obtained from all participants. According to the type of stent used for
assisting embolization, the patients were divided into the Neuroform
Atlas group (n = 26) and LVIS group (n = 34). The basic data of the
patients, such as gender, age, past history (hypertension, coronary
heart disease, diabetes, smoking and drinking history), SAH,
aneurysm location and size, Hunt-Hess grade at admission, modified
Fisher score at admission, immediate intraoperative embolization
effect, surgical complications, and follow-up angiography results, were
collected and analyzed. The measurement of aneurysms was
performed according to the current international common
measurement standards (5). The neck of the aneurysm was defined as
the line connecting the root of the aneurysm protrusion along the
direction of the parent artery, and the diameter of an aneurysm body
refers to the distance from the midpoint of the aneurysm neck to the
top of the aneurysm. Statistical analyses were performed using SPSS
26.0. This retrospective study was approved by the Medical Ethics
Committee at Peking University First Hospital.

2.2 Preoperative management

Patients with unruptured intracranial aneurysms received dual
antiplatelet therapy (aspirin 100 mg/day and clopidogrel 75 mg/day)
for at least 5 days prior to surgery. For ruptured aneurysms, antiplatelet
drugs were not routinely used before surgery. Preoperative evaluations
included electrocardiogram (ECG), complete blood count, blood
biochemical examination, coagulation function tests, chest X-ray, and
bilateral lower limb vascular ultrasound. For patients over 60 years
old, additional tests such as blood gas analysis and echocardiography
were required. The initial diagnosis of aneurysm was made based on
head MRA or CTA. Stable patients with ruptured aneurysms typically
received endovascular treatment within 24 h of admission, otherwise,
the surgery would be postponed until the condition was stable.

2.3 Interventional procedures

After general anesthesia, intravenous heparin was administered at
50-100 U/kg to achieve an activated clotting time >200 s. Cerebral
DSA was performed first, followed by rotational angiography with 3D
reconstructions to display the aneurysm’s location, morphology, size,
and orientation. After introducing the guiding catheter, an optimal
working view was selected. The stent delivery catheter, guided by a
microwire, usually a Traxess 14 (Microvention, USA) or Synchro 14
(Stryker, USA), was placed distal to the aneurysm. The choice of stent
delivery catheter depended on the stent used: a Headway 21 or
Headway 17 microcatheter (Microvention, USA) for an LVIS or LVIS
Jr. stent, and an SL 10 (Stryker, USA) or Echlon 10 (Medtronic, USA)
microcatheter for a Neuroform Atlas stent. The embolization
microcatheter was shaped according to the preoperative aneurysm
morphology and its anatomical relationship with the parent artery.
The microcatheter, guided by a microwire, was advanced into the
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aneurysm sac, and a 3D coil (e.g., ev3 Axium or Prime series)
(Medtronic, USA) was deployed. If the coil tended to protrude into
the parent artery, an auxiliary stent was placed and deployed through
the stent microcatheter. The choice of stent is generally determined by
the surgeon based on the shape, locatison, and relationship with the
parent artery of the aneurysm. In the Atlas stent group, the appropriate
stent size was selected according to the diameter of the parent artery
and the width of the aneurysm neck. Sometimes, two Atlas stents
forming a cross “Y” shape technique was used in bifurcation WNIA
embolization (6). In the LVIS stent group, for aneurysms located in
the internal carotid artery or vertebrobasilar artery, the LVIS stent was
generally of conventional size (3.5 mm, 4.5 mm or 5.5 mm), and for
aneurysms located in the middle cerebral artery, anterior
communicating artery, anterior cerebral artery, and posterior cerebral
artery, the LVIS Jr. stent (2.5 mm or 3.5 mm) was generally applied. It
should be pointed out that for lobulated aneurysms, embolization
microcatheter can usually only be placed in one lobe, which will lead
to the distribution of coils be often uneven. In this case, after releasing
the Atlas stent, we usually shaped the microcatheter and placed it into
another lobe of the aneurysm through the mesh of the Atlas stent. The
aneurysm was finally densely occluded by zonal filling coils. For
patients using LVIS stents, if the aneurysm was lobulated, we usually
needed three sets of microcatheter systems. Two sets of microcatheters
were placed in different lobes of the aneurysm, and the other set was
used to release the stent. The triple catheter technique was not
commonly used in the process of LVIS stent assisted embolization,
instead, for lobulated aneurysms, semi-jailing technique was more
commonly used (7). The LVIS stent was partially deployed
approximately one-third to reduce the effective neck size and to
prevent distal coil migration. Because the coil delivery catheter is not
jailed to the vessel wall, it remains freely maneuverable during the
procedure and permit the passive kick-back movement of the
microcatheter while decreasing the risk of aneurysm perforation
during coil packing, the LVIS stent was fully deployed after achieving
the dense coil packing. Then the microcatheter was then withdrawn.
Angiography via the guiding catheter was then performed to evaluate
the grade of aneurysm occlusion and confirm the parent artery and its
branches remain unaffected. A Dyna CT was performed to check that
there was no new intracranial hemorrhage or ischemic stroke.
Technical success was defined as the stent was deployed across the
neck and the aneurysm was densely packed. The occlusion grade of
intracranial aneurysm was evaluated based on DSA findings using the
Modified Raymond-Roy Classification (MRRC). Class I: complete
obliteration; Class II: residual neck; Class I1Ia: residual aneurysm with
contrast within coil interstices; Class IIIb: residual aneurysm with
contrast along aneurysm wall (8).

2.4 Postoperative management and
follow-up

Patients received routine ECG monitoring, oxygen inhalation and
blood pressure control after operation. For the patients with ruptured
aneurysms not pretreated with dual antiplatelet drugs and those with
intraoperative in-stent thrombosis, a loading dose of tirofiban (0.4 pg/
kg/min for 3 min) was administered intravenously after stent release,
followed by a maintenance infusion (0.1 pg/kg/min). After operation,
the patients were transitioned to dual antiplatelet therapy (tirofiban
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was discontinued 6 h after loading doses of aspirin 300 mg and
clopidogrel 300 mg, followed by aspirin 100 mg/d and clopidogrel
75 mg/d). The patients with hydrocephalus or SAH underwent lumbar
puncture and external drainage. After discharge, dual antiplatelet
therapy (aspirin 100 mg/d and clopidogrel 75 mg/d) was continued
for half a year, followed by a single antiplatelet drug thereafter.

Patients were followed up regularly via phone or outpatient visit
every 3 months after discharge. The modified Rankin Scale (mRS)
score was assessed 3 months after operation, with a score of 0-2
indicating a favorable outcome and 3-6 indicating a poor outcome.
CT, CTA, DSA were performed regularly during follow-up. The first
follow-up cerebral DSA was performed 6 months to 1 year after
operation, and if the aneurysm was not occluded completely, repeat
cerebral angiography was performed annually.

2.5 Statistical analysis

All data in this study were statistically analyzed using SPSS26.0
software. Categorical variables were expressed as counts and
percentages (%). Continuous variables with a normal distribution
were expressed as mean + standard deviation (X + SD), and those with
anon-normal distribution were presented as median with interquartile
range (IQR). Normally distributed continuous variables between
groups were analyzed by t test, and non-normally distributed variables
were analyzed by nonparametric test (Mann-Whitney U test). The
chi-square test was used for categorical variables. The rank sum test
(Mann-Whitney U test) was used for ordinal data. Results were
considered statistically significant when the p-value was < 0.05.

3 Results
3.1 Baseline characteristics

A total of 60 patients with 61 aneurysms were included in this
study. Among the 60 patients, there were 24 males and 36 females with
amean age of 64.6 + 10.8 years. The Neuroform Atlas group consisted
of 26 patients with a total of 27 intracranial aneurysms, treated with
29 Neuroform Atlas stents for assisted coiling embolization. The LVIS
group included 34 patients with a total of 34 aneurysms, treated with
34 LVIS (or LVIS Jr) stents. All patients underwent coil embolization
using ev3 Axium or Prime series coils. Among all the aneurysms, 54
were located in the anterior circulation and 7 in the posterior
circulation. There were no statistically significant differences in
baseline characteristics including age, gender, history of hypertension,
coronary artery disease, diabetes, smoking history, alcohol
consumption history, proportion of aneurysm rupture with SAH,
Hunt-Hess grade at admission, location of aneurysm, and modified
Fisher score between the two groups (Table 1).

3.2 Immediate intraoperative outcomes

All patients successfully completed SAC for WNIA, and the technical
success rate was 100%. Immediate postembolization angiography
showed that in the Neuroform Atlas group, 22 aneurysms (81.5%, 22/27)
achieved MRRC Class I, 5 aneurysms (18.5%, 5/27) achieved Class II,
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TABLE 1 Baseline characteristics of patients in Atlas and LVIS groups.

Baseline Atlas LVIS p value
characteristics
N 26 (43.3%) 34 (56.7%)
Male 11 (42.3%) 13 (38.2%) 0.750
Age (X £ S, years) 67.73 £ 10.49 62.5+ 11.02 0.068
Hypertension 17 (65.4%) 14 (41.2%) 0.063
Coronary heart disease 5(19.2%) 6 (17.6%) 0.875
Diabetes 6(23.1%) 7 (20.6%) 0.817
Smoking 7 (26.9%) 8(23.5%) 0.764
Drinking 6(23.1%) 6 (17.6%) 0.602
SAH 2 (7.7%) 6 (17.6%) 0.459
Hunt-Hess scale 0.368

Grade 0 24 (92.3%) 28 (82.4%)

Grade 1 0 (0%) 0 (0%)

Grade 2 0 (0%) 1(2.9%)

Grade 3 2(7.7%) 4(11.8%)

Grade 4 0 (0%) 1(2.9%)

Grade 5 0 (0%) 0 (0%)
Modified Fisher scale 0.521

Grade 0 23 (88.5%) 28 (82.4%)

Grade 1 1 (3.8%) 0 (0%)

Grade 2 0 (0%) 0 (0%)

Grade 3 1(3.8%) 2 (5.8%)

Grade 4 1 (3.8%) 3 (8.8%)
Aneurysm location 0.628

Anterior circulation 25(92.6%) 29 (85.3%)

Posterior circulation 2 (7.4%) 5(14.7%)
Aneurysm size

size<5 mm 13 (48.1%) 11 (32.4%) 0.294

5mm < size<15 mm 13 (48.1%) 22 (64.7%)

15 mm < size<25 mm 1(3.7%) 1(2.9%)

Size>25 mm 0 (0%) 0 (0%)

and 0 aneurysms (0%) achieved Class IIL. In the LVIS group, 25
aneurysms (73.5%, 25/34) achieved MRRC Class I, 9 aneurysms (26.5%,
9/34) achieved Class II, and 0 aneurysms (0%) achieved Class III. There
was no significant difference in the initial obliteration class between the
two groups (p = 0.549) (Table 2). Representative cases of the Atlas group
and LVIS group were shown in Figures 1, 2, respectively.

3.3 Complications

In the Neuroform Atlas group, a total of 29 stents were used in 26
patients with 27 aneurysms, with no cases of intraoperative cerebral
hemorrhage, acute in-stent thrombosis, or postoperative ischemic
stroke. In the LVIS group, a total of 34 stents (18 LVIS stents and 16
LVIS Jr. stents) were used in 34 patients with 34 aneurysms. In this
group, intraoperative aneurysm rupture occurred in 2 patients (5.9%,
2/34), one of which (2.9%, 1/34) was complicated by acute in-stent
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TABLE 2 Summary of the obliteration class, complications and follow-up
data.

Evaluation Atlas LVIS P value
indicators
Initial obliteration
0.549
class
MRRC Class I 22 (81.5%) 25 (73.5%)
MRRC Class IT 5(18.5%) 9 (26.5%)
MRRC Class ITT 0 (0%) 0 (0%)
Complications
Intraoperative
0 (0%) 2 (5.9%) 0.501
bleeding
Intraoperative
0 (0%) 1(2.9%) 1.000
thrombosis
Postoperative
0 (0%) 0 (0%)
ischemic stroke
mRS score (3 m
26 (100%) 34 (100%) 0.438
follow-up)
0 25 31
1 1 2
2 0 1
3 0 0
4-6 0 0
Patients with latest
25 (96.2%) 32 (94.1%) 1.000
DSA follow-up
Follow-up obliteration class
MRRC Class I 22 (88%) 28 (87.5%) 0.955
MRRC Class II 3 (12%) 4(12.5%)
MRRC Class IIT 0(0%) 0(0%)

thrombosis. No postoperative ischemic strokes occurred. There were
no significant differences in the incidence of intraoperative bleeding
(p =0.501), intraoperative thrombosis (p = 1.000) and postoperative
ischemic stroke between the two groups.

3.4 Intraoperative complication cases

Intraoperative complications occurred in two patients, both of
them were in the LVIS group. One patient had a left posterior
communicating artery aneurysm. During the procedure, the
aneurysm ruptured. Immediately, emergent protamine reversal of
heparin was applied, and multiple ev3 coils were packed through
another microcatheter until angiography showed no contrast
extravasation, however, an in-stent thrombosis was noted. Tirofiban
was then administered. The final angiography showed patent vessels,
disappeared in-stent thrombosis, and occlusion of the aneurysm
(Figure 3). The patient recovered well. The second patient had a left
vertebral artery wide-neck aneurysm. During LVIS stent-assisted
embolization, the aneurysm ruptured. Rapid coil packing was
performed, and as contrast extravasation persisted, finally the parent
artery and the aneurysm were all occluded. Because of the
patent contralateral vertebral artery, the patient recovered well
postoperatively.
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FIGURE 1
A 78 year old female with intermittent headache and left lower limb weakness for 9 days was admitted, DSA examination showed an anterior

communicating artery aneurysm with a wide neck (A). Neuroform Atlas stent assisted coiling embolization was performed. Immediate angiography
after embolization showed the aneurysm was almost occluded with MRRC grade 2 (B). Angiography performed in 12 months' follow-up showed that
the aneurysm was occluded well with MRRC grade 1 (C).

FIGURE 2
A 70 years old male patient with headache for 5 years. DSA showed a wide neck aneurysm in the V4 segment of the left vertebral artery (A). LVIS stent

was used in assisting coil embolization. Immediate angiography showed the aneurysm was completely occluded, with MRRC grading 1 (B).
Angiography performed in 10 months’ follow-up showed that the aneurysm was occluded well with MRRC grade 1, but there was mild in-stent
stenosis (C).

FIGURE 3

A 65 year old male patient with diplopia for 3 weeks. DSA showed a left posterior communicating aneurysm with wide neck (A). During the LVIS stent
assisting embolization, the aneurysm ruptured with contrast leakage (B). After rapid dense coil packing, contrast leakage was stopped, however, an
in-stent thrombosis (red arrow) was observed (C). After intravenous use of tirofiban, thrombosis disappeared, the aneurysm was occluded with MRRC
grade 1 (D). A 9 months’ follow-up DSA examination showed the aneurysm was occluded well with MRRC grade 1 (E).

3.5 Follow-up results indicating good neurological outcomes. In the Atlas group, 25 patients
had an mRS score of 0 and 1 patient had an mRS score of 1. In the LVIS

All 60 patients were followed up regularly via telephone or outpatient ~ group, 31 patients had an mRS score of 0, 2 patients had an mRS score
visit. At 3 months postoperatively, all patients had mRS scores of 0-2,  of 1, and 1 patient had an mRS score of 2 (Figure 4).

Frontiers in Neurology 05 frontiersin.org


https://doi.org/10.3389/fneur.2025.1651702
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Zhang et al.

10.3389/fneur.2025.1651702

A 100 B 100

3 _ mm Atlas

E pre—

c 80 = Lvis

S 604 I+ ]

° e

o o 50

o o

@ 40 a—,

o o

£ 204

3

o |
0- T T 0 T -I . T
Immediate Follow-up mRS score 0 1 9 3-6

FIGURE 4
Comparison of complete occlusion rate between two groups of aneurysms immediately after surgery and during follow-up (A). Comparison of mRS
scores between two groups of patients at 3-month follow-up after surgery (B).

The median time interval from surgery to follow-up was
26 months (Atlas) and 29 months (LVIS). In the Atlas group, 24
patients with 25 aneurysms (92.3%) underwent follow-up DSA
examination. Among them, 22 aneurysms (88%, 22/25) were classified
as MRRC Class I, and 3 aneurysms (12%, 3/25) were classified as
MRRC Class II (one aneurysm with recurrence). In the LVIS group,
32 patients (94.1%) underwent follow-up DSA. Among them, 28
aneurysms (87.5%, 28/32) were classified as Class I, and 4 aneurysms
(12.5%, 4/32) were classified as Class IT (including one aneurysm with
recurrence). There was no significant difference in the follow-up
obliteration class between the two groups (p = 0.955) (Figure 4).

4 Discussion

Our study suggested that both the Neuroform Atlas stent and
LVIS stent played an important role in assisting coil embolization of
WNIAs and achieved satisfactory immediate and follow-up results.
The immediate complete obliteration (MRRC 1) rates of aneurysms
were 81.5% (22/27) in the Neuroform Atlas group and 73.5% (25/34)
in the LVIS group; with follow-up DSA showing these rates of 88%
(22/25) and 87.5% (28/32) respectively. All patients had a favorable
clinical outcomes with an mRS score of 0-2 during follow-up. In our
study, there was no significant difference in the initial MRRC class,
complication rates, and follow-up MRRC class, mRS scores between
the Neuroform Atlas stent and the LVIS stent groups.

4.1 Comparison with previous studies

At present, there are many types of stents used internationally for
assisting coil embolization of aneurysms. In addition to the two stents
mentioned in this study, there are Neuroform EZ stent, Enterprise
stent, Solitaire stent, Leo stent, and so on (4, 9-13). These stents have
shown good characteristics in assisting coil embolization of
aneurysms, achieving good embolization effects. Relevant research
results show that the mean immediate occlusion rate of SAC is 50.20%
(95% CI: 36.09-64.30) in the treatment of unruptured WNIAs, and
the occlusion rate of aneurysms is higher in long-term follow-up
[mean rate is 63.83% (95% CI: 45.80-80.18)] (14). This study selected
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the Neuroform Atlas stent and LVIS stent to investigate the effects of
different structural designs on the outcomes of assisted embolization
of WNIAs.

The Neuroform Atlas stent is an open-cell laser-cut metal
intravascular stent produced by Stryker. Atlas stent can
be delivered via SL-10 (ID = 0.0165in) or XT-17 (ID = 0.017in)
microcatheters (15). The Atlas stent has a low length shortening
rate, and the mesh adopts a hybrid ring design with high openness
and compliance, which facilitates the free entry and exit of the
catheter. The stent also has independent working stent segments
with good wall adhesion and deployment ability in tortuous blood
vessels (16). LVIS stent is a self-expanding nickel-titanium,
monofilament braided closed-cell metal stent manufactured by
Microvention, USA, which can be released and retrieved (17). The
stent adopts a closed-cell structure, high metal coverage and small
pore size providing consistent support of coil mass including
small finishing coils. The Atlas stent and the LVIS stent have
differences in physical properties. As shown in Table 3, the LVIS
stent has higher pore density, mental surface coverage,
roughness. The
circumferential radial force of the Atlas stent is relatively higher.

perpendicular radial force and surface
The corrosion resistance of the two stents is comparable
(Table 3) (4).

At present, there are many reports about atlas stent and LVIS stent
in assisting coil embolization in wide necked intracranial aneurysms
(15, 18-29), and most cases have good embolization effect and
favorable outcomes, however, the results reported in different
literatures are different (Table 4). According to previous literature
studies, the complete immediate aneurysm occlusion rate of the Atlas
stent in assisting coil embolization is between 45.3-84%, the complete
follow-up aneurysm occlusion rate is between 53.8-94.1%, and the
complication rate is between 2.1-15.4% (18-25). The complete
immediate aneurysm occlusion rate of the LVIS stent is between 25.5-
86%, the complete follow-up aneurysm occlusion rate is between
82.1-92.7%, and the complication rate is between 1 and 11.6% (25-
29). The immediate aneurysm occlusion rates of the two stents were
quite different. The complete follow-up aneurysm occlusion rates of
both were high, the complication rates were relatively low, and the
differences in efficacy between the two were not obvious. Both showed
good safety and effectiveness (15, 18-29).
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TABLE 3 Comparison of the physical properties of Atlas and LVIS stents [cited from reference Cho et al. (4)].

Atlas stent (4.0 mm
diameter, 20.0 mm

Physical properties

LVIS stent (4.0 mm
diameter, 35.0 mm

Difference ratio (LVIS/Atlas)

length). length).
Structure Open cell Closed cell
Manufacturing process Laser-cut Wire-braided
pore density (pores/mm?) 0.276 0.782 283%
Mental surface coverage (%) 10% 23% 230%
perpendicular radial force (gf) 11.4 37.1 325%
Circumferential radial force (gf) 129.8 60.4 47%
Surface roughness (mm) 33 13.7 415%
Corrosion resistance (mV) 1,040 1,150 111%

4.2 Interpretation of results

In our study, we found that the immediate aneurysm occlusion rates
between the two groups were not statistically different, but the proportion
of MRRC grade 1 in the atlas group was 81.5% (22/27), which was
slightly higher than 73.5% (25/34) in the LVIS stent group. However, the
proportion of MRRC grade 1 patients in the follow-up of the two groups
was similar, 88% (22/25) and 87.5% (28/32), respectively. This might
be because that with the extension of follow-up time and the reduction
of the use of antiplatelet drugs, the blood flow in the aneurysm was
stagnant, and the aneurysm neck and sac were finally filled with
thrombus. Another reason may be the dense mesh of LVIS stent, in
literature, it was hypothesized that LVIS stent might have potential flow
diversion properties, and there were also reports that recurrent
aneurysms were finally cured by using multiple LVIS stents (30).

4.3 Complications

Premature rupture during embolization is a common but severe
complication. Previous studies have shown that excessive anticoagulation
or antiplatelet therapy before surgery is a risk factor for bleeding (31).
Standardized preoperative preparation is particularly important. In-stent
thrombosis is another common complication. Patients undergoing
elective surgery using SAC for intracranial aneurysm should be given
adequate antiplatelet therapy for a sufficient course of treatment before
surgery. For patients undergoing emergency surgery, doctors should give
intravenous antiplatelet drugs as soon as possible after stent release.
Tirofiban is a small molecule inhibitory drug that acts on the protein-
protein interaction between fibrinogen and platelet integrin receptor GP
IIb/I1Ta. A clinical study found that tirofiban showed good safety and
efficacy in the preventive use before SAC and after thromboembolic
events in patients with intracranial aneurysms (32). In our study, two
patients suffered premature rupture during operation, and one of these
two patients had in-stent thrombosis. Both patients were in the LVIS
stent group. The reasons for its premature rupture may be related to the
large aneurysm size, the thin wall, the limited mobility of the
microcatheter’s tip in the aneurysm after the release of LVIS stent, and
the slightly larger size of the selected coil. After the premature rupture of
the aneurysm, the catastrophic outcome can be rescued by neutralizing
heparin, rapidly packing the coil, tightly packing the rupture site and the
aneurysm neck, or occluding the parent artery if sufficient collateral
compensation exists.
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4.4 Limitations

Although our study suggested that both stents achieved similar
satisfactory embolization effects and good prognosis in assisting coil
embolization of WNIAs, there were still many limitations in our study:
(1) This study is only a single center, small sample retrospective study,
and all surgical procedures were performed by a single surgical team.
Therefore, there may be a potential operator bias and a selection bias in
patient screening, surgical experience, intraoperative stent selection, and
use of microcatheters, which may affect the final results of the study. The
small sample size will lead to an associated risk of a Type II error (i.e.,
inadequately powered to detect small differences). (2) The location of
aneurysms in Atlas stent group and LVIS stent group is slightly different.
For aneurysms with large differences in the distal and proximal
diameters of the parent artery, such as those located at the tip of the
basilar artery, the bifurcation of the internal carotid artery, or the anterior
choroidal artery, because it is not suitable for LVIS stent, we usually use
atlas stent in such patients. For some WNIAs need to be treated with Y
shaped-stents, we also rarely use LVIS stents. All these above undermines
random comparability. However, the number of such patients was low,
and it does not affect the statistical results. (3) The trends toward
differences in baseline characteristics between the Atlas and LVIS groups
regarding age (p = 0.068) and history of hypertension (p = 0.063) seems
near-significant imbalances which might confound outcomes. However,
in our study, a 5-year difference (67.7 vs. 62.5 years) and a history of
hypertension may be not typically considered a decisive factor affecting
technical success, immediate packing density, or long-term aneurysm
occlusion in neurointerventional practice. The two groups were well-
matched on crucial baseline metrics that more directly influence
treatment strategy and outcomes, such as aneurysm size, location, and
rupture status. This considerably reduces the likelihood of age and
hypertension acting as major confounders. (4) In this study, unruptured
aneurysms accounted for the majority, while ruptured aneurysms were
rare, and the Hunt Hess grading was low, which cannot fully reflect the
true clinical status. (5) Although the number of patients using dual
microcatheter technology for embolization in both groups was not high,
the proportion of Atlas group patients using dual microcatheter for
aneurysm filling was slightly higher than that of LVIS group, which was
determined by the structure of the stent itself and the density of the
mesh. The proportion of dual microcatheters used may have an impact
on the degree of aneurysm occlusion, leading to biased research results.
(6) In this study, although we tried to follow up with patients as much as
possible, there were still several patients who were lost to follow-up, and
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TABLE 4 Summary of occlusion rates and complications of Atlas and LVIS stent.

10.3389/fneur.2025.1651702

Study Stent No. of Technical Immediate Follow-up = Complication Mean
type patients success aneurysm aneurysm rate follow-
And occlusion occlusion up period
aneurysms rate rate
Cay etal. Atlas Retrospective, 48 patients (55 100% - MRRCI or 2.1% (minor stroke) 7.9 months
(18) single center aneurysms) MRRC2 in
94.1%
Ulfertetal. = Atlas Retrospective, 36 patients (37 100% MRRC1 in 84%, MRRC1in 93%, | 2.8% (one patient with | 6.1 months
(15) multicenter aneurysms) MRRC2 in 17% MRRC2 in 7% transitory ischaemic
attack)
Grossetal. | Atlas Retrospective, 37 patients (37 100% MRRCI in 57% MRRC1 in 92% 3% (major stroke) 12.1 months
(19) single-center aneurysms) MRRC2 in 24% MRRC2 in 8%
MRRC3 in19% MRRC3 in 0%
Quintana Atlas Retrospective, 29 patients 96.7% MRRCl1in 56.6% = MRRCI in 60% 10%, with no 12 months
etal. (20) single center (30aneurysms) MRRC2 in 40% permanent deficits
MRRC3 in 3.3%
Ten Brinck | Atlas Retrospective, 27 patients (27 88.9% MRRC1 in 63%, MRRCI in Intra-procedural 7.9 months
etal. (21) single center aneurysms) MRRC2in 11.1% | 53.8% thromboembolic
MRRC3 in 25.9% MRRC2 in complications in
15.4% 14.8% and
MRRC3 in intervention-related
30.7% stroke in 15.4%
Tsai et al. Atlas Retrospective, 58 patients [58 100% MRRC1in 70.7%, = - Total in 6.9% -
(22) single center aneurysms] MRRC2 in 20.7% Transient thrombosis
MRRC3 in 8.6% in 5.2%
aneurysm rupture in
1.7%
Sweid etal. | Atlas Retrospective, 69 aneurysms 95.7% MRRCl in 52% MRRCI in 63% Asymptomatic major 4 months
(23) multi-center MRRC2 in 35% MRRC2 in complications in
MRRC3 in 13% 34.7% 10.1%
MRRC3 in 6.3%
Daouetal. | Atlas Retrospective, 77 patients 100% MRRC1in 81.8% = MRRCl in Total complications in | 8.7 months
(24) single center MRRC2 in 18.2% 83.7%, 6.5%
MRRC2 in 9.3%
MRRC3 in 7%
Di etal. Atlas Retrospective, 56 patients (64 - MRRCl1 in 45.3%, = MRRClI in 5.4% 10 months
(25) single center aneurysms) MRRC2 in 14.1% 75.0%
MRRC3 in 40.6% MRRC2 in
10.9%
MRRC3 in
14.1%
Liu et al. LVIS Retrospective, 43patients (43 - MRRCI in 86% - 11.6% (Vasospasm -
(26) single center aneurysms) MRRC2 in 11% 2.3%, Acute embolism
MRRC3in 2.3% 4.7%, Intraoperative
bleeding 4.7%)
Kang et al. LVIS Retrospective, 55 patients (55 100% MRRCI in 25.5% MRRCI in 7.3% (Stent 6 months
(27) single center aneurysms) MRRC2 in 74.5% 82.1% thrombosis 1.8%,
MRRC3 in 0% MRRC2 in Vasospasm 1.8%,
10.3% Plaque detachment
MRRC3in7.7% | with cerebral
infarction
1.8%Cerebral
hemorrhage 1.8%)
(Continued)
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TABLE 4 (Continued)

Technical
success

No. of
patients

And
aneurysms

10.3389/fneur.2025.1651702

Mean
follow-
up period

Immediate
aneurysm
occlusion
rate

Follow-up
aneurysm
occlusion
rate

Complication
rate

Dietal LVIS Retrospective, 45 patients (54 - MRRCl1 in 64.8% = MRRCI in 6.7% 10 months
(25) single center aneurysms) MRRC2 in 14.8% 85.2%
MRRC3 in 20.4% MRRC2 in5.6%
MRRC3 in9.3%
Feng et al. LVIS Retrospective, 97 patients (107 100% MRRC1in28.9% = MRRClin 1% (acute in-stent 8.1 months
(28) single center aneurysms) MRRC2 in 40.2% 84.2% thrombosis)
MRRC3 in 30.9% MRRC2 in
11.8%
MRRC3 in 4%
Xue et al. LVIS Retrospective 142 patients - MRRCl1in 64.1% | Complete 5.6% 529 days
(29) (aneurysms) MRRC2 in 14.8% occlusion in
MRRC3 in 21.1% 92.7%

MRRC, modified Raymond-Roy Classification.

these lost cases may bias the results. (7) This study is a retrospective
study, and the confirmation of the research results requires large-scale,
multicenter prospective clinical randomized controlled trials.

4.5 Future directions

The endovascular treatment of aneurysms is becoming
increasingly mature with the development of the interventional
materials. With the application of flow diverter, web, etc., the treatment
diversity of aneurysms has been enriched, and the treatment effect is
also getting better and better. Although the proportion of flow diverter
in the treatment of intracranial wide necked aneurysms will continue
to increase in the future, it cannot be denied that the stent assisted coil
technology cannot be completely replaced. Proper stent selection and
reasonable filling techniques will continue to contribute to the
treatment of aneurysms.

5 Conclusion

In our single-center retrospective exploratory study, both
Neuroform Atlas stent and LVIS stent seem to perform good safety
and efficacy in assisting coil embolization of WNIAs, however, further
multicenter randomized controlled studies with larger patient series
and a longer follow up period will be helpful in elucidation of both the
efficacy and the longevity.
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