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ABSTRACT
Background  The Neuroform Atlas Stent System is 
an established treatment modality for unruptured 
anterior and posterior circulation intracranial aneurysms. 
Location-specific results are needed to guide treatment 
decision-making. However, it is unclear whether there 
are differences in safety and efficacy outcomes between 
carotid and more distal anterior circulation aneurysms.
Methods  The ATLAS IDE trial was a prospective, 
multicenter, single-arm, open-label interventional study 
that evaluated the safety and efficacy of the Neuroform 
Atlas Stent System. We compared differences in efficacy 
and safety outcomes of proximal internal carotid artery 
(ICA) versus distal and bifurcation anterior circulation 
aneurysms.
Results  Of 182 cases, there were 70 aneurysms in the 
ICA and 112 in the distal anterior circulation (including 
ICA terminus/bifurcation). There were no significant 
differences in the primary efficacy endpoint (85.5% 
vs 83.9%, p=0.78) and complete aneurysm occlusion 
rates (88.7% vs 87.9%, p=0.78) between proximal 
ICA aneurysms and distal aneurysms, respectively. 
Complications were more often encountered in distal 
and bifurcation aneurysms, but the overall rate of major 
safety events was low and comparable between the two 
groups (1.4% vs 6.3%, p=0.14). Recanalization and 
retreatment rates were also similar between the groups.
Conclusion  The results of this study suggest that the 
Neuroform Atlas Stent System is a safe and efficacious 
treatment modality for unruptured anterior circulation 
intracranial aneurysms, regardless of aneurysm location.
Trial registration number  NCT02340585.

INTRODUCTION
Stent-assisted coiling (SAC) has emerged as a 
strategy for treating wide-neck and complex 
intracranial aneurysms. The scaffolding provided 
by the stent mesh has allowed the treatment of 
lesions previously not amenable to coiling alone. 
Further evidence suggests that the mesh struc-
ture facilitates the achievement of higher coil 
packing density and stability, along with stimu-
lating re-endothelization.1 The stent technology 
has been refined over the years, with multiple 

iterations designed to improve performance and 
outcomes.2

The Neuroform Atlas Stent System (Stryker 
Neurovascular, Fremont, CA, USA) is a newer 
generation of the Neuroform stent featuring a 
self-expanding, hybrid cell design. It was manufac-
tured to improve navigability, device apposition, 
and conformability to the vessel wall. The system 
was initially approved under Humanitarian Device 
Exemption (HDE) in 2017, and full approval by the 
Food and Drug Administration (FDA) was granted 
in 2019. The Pivotal Trial of the Neuroform 
Atlas Stent for treatment of Anterior Circulation 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Prior to the ATLAS IDE trial, several studies had 
been conducted on the use of the Neuroform 
Atlas Stent System for the treatment of 
anterior circulation aneurysms. These studies 
demonstrated high rates of successful aneurysm 
occlusion and acceptable safety profiles. 
Comparisons of outcomes between proximal 
internal carotid artery (ICA) aneurysms and 
distal and bifurcation aneurysms in patients 
undergoing stent-assisted coiling are scarce.

WHAT THIS STUDY ADDS
	⇒ This study adds to the existing body of literature 
on the safety and efficacy of the Neuroform 
Atlas Stent System for different aneurysm 
locations. This subanalysis of the ATLAS IDE 
trial was the first independently adjudicated 
study to compare safety and efficacy outcomes 
between proximal and distal anterior circulation 
aneurysms treated with the Neuroform Atlas 
Stent System.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE, OR POLICY

	⇒ This study supports the device as an effective 
strategy in treating both proximal ICA and 
distal aneurysms, posing the device as a 
viable treatment option for a broad range of 
aneurysms in the anterior circulation.
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Aneurysms (ATLAS IDE trial) formally investigated the safety 
and efficacy of the Atlas device for anterior circulation intracra-
nial aneurysms. One-year findings indicated a primary efficacy 
rate of 84.7% and a 12-month adjusted major complication rate 
(major ipsilateral stroke or neurological death) of 4.4%, meeting 
both the primary and secondary performance goals.3 Similar 
results were reported by the Multi-centric European post-
market follow-up study of the Neuroform Atlas Stent System 
(ATLAS EU PMCF study), with a complete occlusion rate at 
1-year follow-up of 91.3%. The study also reported a 4.9% 
major complication rate, with only 1% resulting in permanent 
morbidity or mortality.4

Aneurysm location, along with vasculature morphology, 
may impact the outcome of endovascular stenting. The hemo-
dynamics of sidewall aneurysms can differ from aneurysms in 
which sharp angulation between the parent vessel and aneurysm 
ostium exists.5 6 The deployment of a stent in bifurcation aneu-
rysms can significantly modify local vasculature architecture and 
shear forces, which may interfere with aneurysm recanalization 
and occlusion.7–10 Still, studies evaluating potential differences 
in outcomes of proximal versus distal intracranial aneurysms 
undergoing SAC are scarce in the literature. Our study aimed 
to compare the safety and efficacy of SAC using the Neuro-
form Atlas device for proximal versus distal anterior circulation 
aneurysms.

METHODS
Patients and study design
The ATLAS IDE trial was a prospective, multicenter, single-arm, 
open-label interventional trial designed to demonstrate the 
safety and effectiveness of the next-generation Neuroform Atlas 
Stent System with any approved embolic coils on the market for 
the treatment of intracranial aneurysms. Eligible patients: (1) 
aged between 18 and 80 years; (2) documented wide-neck (neck 
≥4 mm or dome-to-neck ratio of <2 mm), saccular, intracranial 
aneurysm located within the anterior circulation (excluding the 
petrous internal carotid artery (ICA) to the superior hypophyseal 
ICA region); and (3) parent vessel with a diameter of ≥2 mm and 
≤4.5 mm, which could be treated with bare metal coils. Main 
exclusion criteria included the presence of multiple untreated 
intracranial aneurysms, an acutely ruptured aneurysm (within 
14 days of enrollment), premorbid modified Rankin Scale ≥4 or 
premorbid Hunt and Hess score ≥3, and prior treatment of the 
same aneurysm with stent-assisted coil embolization. Patients 
were recruited from 25 sites across the United States. The modi-
fied intent-to-treat (mITT) population with anterior circulation 
aneurysms used for safety and efficacy analyses was defined as 
patients who signed the informed consent form and in whom a 
procedure was attempted, regardless of the success of implan-
tation. Patients were grouped according to aneurysm location 
into proximal (ICA group; from superior hypophyseal up to 
the anterior choroidal ICA regions) and distal (non-ICA group; 
including ICA terminus/bifurcation) aneurysm groups.

Protocol and registration
Patients provided written informed consent prior to study 
participation. Each participating center obtained institutional 
review board approval of the investigational device exemption 
study protocol. The trial was registered at ​clinicaltrials.​gov 
(NCT02340585). A full description of the trial protocol is avail-
able on request, and details are otherwise available in the Pivotal 
Trial of the Neuroform Atlas Stent for Treatment of Anterior 
Circulation Aneurysms: One-Year Outcomes publication.3

Device and procedure
The Neuroform Atlas is a self-expanding, open-cell, nitinol 
stent designed to provide support for the coil mass within the 
aneurysm and minimize stent deflection. Protocol required dual 
antiplatelet administration of oral aspirin (81–325 mg/day) and 
clopidogrel (75 mg/day) for at least 5 days prior to the procedure. 
Assessment of antiplatelet activity was not required per protocol, 
and all procedures were carried out under general anesthesia. 
Placement of a single device was preferably recommended, but 
a second device was allowed if judged necessary to improve wall 
apposition and adequately cover the aneurysm neck.

Efficacy outcomes
The primary efficacy outcome of the study was to compare the rate 
of complete aneurysm occlusion (100% occlusion) at 12-month 
angiographic follow-up between proximal versus distal anterior 
circulation aneurysms, in the absence of retreatment or parent 
vessel stenosis (>50%) at the target location, and no neurolog-
ical death. Raymond–Roy occlusion classification was used to 
adjudicate the primary effectiveness outcome.11 Digital subtrac-
tion angiography was mandatory at 1-year follow-up to assess 
efficacy outcomes, and all radiological images were reviewed 
and adjudicated by an independent imaging core lab. Secondary 
efficacy outcomes included differences in the incidence of target 
aneurysm retreatment and rates of aneurysm recanalization. 

Table 1  Baseline and procedural characteristics

Characteristic

Proximal 
(ICA) group 
(n=70)

Distal (non-
ICA) group
(n=112) P value

Demographics

 � Age (years), mean (SD) 57.4 (11.0) 62.1 (11.3) 0.03

 � Male, n (%) 10 (14.3) 39 (34.8) 0.006

 � White, n (%) 55 (78.6) 92 (82.1) 0.44

Aneurysm characteristics, mean (SD)

 � Aneurysm neck width (mm) 4.0 (1.1) 4.2 (1.3) 0.27

 � Aneurysm size (mm) 0 (2.0) 6.2 (2.3) 0.35

 � Dome-to-neck ratio 1.2 (0.3) 1.1 (0.3) 0.25

 � Parent vessel diameter proximal to the 
aneurysm neck (mm)

3.7 (0.5) 2.6 (0.5) <0.0001

 � Parent vessel diameter distal to the aneurysm 
neck (mm)

3.4 (0.5) 2.3 (0.4) <0.0001

Previously ruptured aneurysm treatment, n (%) 6 (8.6) 16 (14.3) 0.23*

 � Coiling only 5 (83.3) 11 (68.8)

 � Balloon-assisted coiling 1 (16.7) 0 (0.0)

 � Other 0 (0.0) 5 (31.2)

 � Procedural technical success, n (%) 70 (100.0) 112 (100.0) N/A

 � Stents implanted, n (%) 0.07

 � 1 66 (94.3) 87 (77.7)

 � 2 4 (5.7) 25 (22.3)

Immediate Raymond Class (core lab), n (%) 0.26

 � 1 52 (76.5) 88 (78.6)

 � 2 14 (20.6) 14 (12.5)

 � 3 2 (2.9) 10 (8.9)

Raymond Class 1 and 2 combined, n (%) 66 (97.1) 102 (91.1) 0.14

Values in bold type indicate statistical significance.
*Comparison of whether there was previous treatment, regardless of treatment modality.
N/A, not available.
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Additionally, the occurrence of implant migration and the inci-
dence of parent artery stenosis (>50%) were also evaluated.

Safety outcomes
The primary safety outcome was to compare the rate of major 
ipsilateral stroke (increase in National Institutes of Health Stroke 
Scale (NIHSS) score ≥4) or neurological death between proximal 
and distal aneurysms at 12-month follow-up. Secondary safety 
outcomes included worsening major ipsilateral stroke, rate of 
subarachnoid hemorrhage, and rate of target aneurysm rupture. 
A clinical events committee evaluated any serious device-related 
events and prespecified safety event endpoints.

Statistical analyses
Categorical data were summarized using frequencies and 
percentages, while continuous variables were presented as mean 
and SD. All analyses comparing location groups accounted for 
clustering within site. Generalized linear mixed models with a 
random effect were used for continuous variables and chi-square 
tests accounting for clustering were used for categorical vari-
ables. Analyses were performed using SAS version 9.4 (SAS Insti-
tute, Inc., Cary, NC, USA).

RESULTS
Baseline and procedural characteristics
Of the 201 participants enrolled in the study between June 2015 
and October 2016, investigational device implantation was 
attempted in 182 patients (mITT cohort) who were included in 
the analysis. The mean age of the cohort was 60.3±11.4 years, 
mostly female (73.1%), and white (80.8%). Twenty-two (12.1%) 
patients had experienced a previous rupture of the targeted aneu-
rysm and were previously treated with coiling (72.7%, 16/22), 

balloon-assisted coiling (4.5%, 1/22), or other means (22.7%). 
Of 182 patients, 153 had one stent implanted (84.1%) and 29 
had two stents implanted (15.9%). A total of 70 (38.5%) patients 
composed the proximal group and 112 (61.5%) the distal aneu-
rysm group. When comparing the groups (table 1), patients with 
distal aneurysms were more likely to be older, male, and have 
smaller vessel diameters. Figure 1 provides a visual representa-
tion of the enrollment process and details the aneurysm groups 
with the breakdown of aneurysm locations.

Effectiveness outcomes
Of 155 patients, composite effectiveness endpoint of complete 
aneurysm occlusion without clinically significant stenosis or 
retreatment and no neurological death was met by 85.5% and 
83.9% of patients in the proximal and distal groups, respec-
tively. When comparing angiographic follow-up availability at 
1 year, the proportions were akin (88.6% for the proximal group 
vs 81.3% for the distal group, p=0.14). There were no statis-
tically significant differences in the primary efficacy endpoint, 
Raymond–Roy aneurysm occlusion rates, recanalization rates, 
and incidence of parent artery stenosis between the groups. 
Patients from the distal group tended to have increased rates of 
worsening aneurysm occlusion (6.6% vs 3.2%) and retreatment 
(4.5% vs 2.9%) compared with the ICA group, but the differ-
ences were not statistically significant. Table 2 details the results 
of effectiveness outcomes between the groups.

Safety outcomes
When comparing proximal versus distal with respect to primary 
safety composite outcome, the non-ICA group tended to have a 
higher rate of events than the ICA group, although the differ-
ence was not statistically significant (6.3% vs 1.4%, p=0.14). 

Figure 1  Patient flow diagram and aneurysm location distribution from ATLAS IDE trial subanalysis groups. DSA, digital subtraction angiography; 
ICA, internal carotid artery; mITT, modified intent-to-treat.
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Similarly, a higher trend for subarachnoid hemorrhage and aneu-
rysm rupture was encountered for the non-ICA group, but there 
were no significant differences between the groups. The results 
of safety outcome analyses in both groups are shown in table 3.

DISCUSSION
This is the first independently adjudicated study comparing 
differences in safety and efficacy outcomes of proximal versus 
distal anterior circulation aneurysms in patients undergoing SAC. 
The ATLAS IDE trial cohort included 70 (38.5%) ICA aneu-
rysms and 112 (61.5%) distal anterior circulation aneurysms 
(including ICA terminus/bifurcation) successfully treated with 
the Neuroform Atlas Stent System. At 1-year follow-up, aneu-
rysms treated with the Atlas device demonstrated high complete 
occlusion rates, with similar efficacy results in proximal and 
distal intracranial aneurysms. Patients from the non-ICA group 
had a trend for higher complications, but the difference in safety 
outcomes was not statistically significant.

Stent-assisted techniques were initially conceptualized to treat 
wide-neck aneurysms by preventing coiling herniation into the 
parent vessel and achieving high packing density. Additional 
mechanisms contributing to high occlusion rates with SAC 
compared with coiling alone have been identified, including 
the mesh serving as a scaffold for neointima formation and 
changes in local flow dynamics.12 Tortuous vascular architec-
ture can increase the risk of incomplete stent apposition, posing 
challenges to stent technology depending on the aneurysm’s 
location.13 The Atlas device is a self-expandable stent, allowing 
for better performance in curvatures and in cases of vessel size 
discrepancy between proximal and distal landing zones. Its 
hybrid design offers stability with closed cells at the proximal 
end, and open cells at the distal end provide conformability to 
the vessel wall.14 The laser-cut manufacturing also contributes 
to mitigating device foreshortening, providing an advantage 
compared with braided stents.15 These features, along with a 
low-profile mesh and a 0.0165 delivery system, have made the 
device an optimal tool for bifurcation and distal aneurysms treat-
ment compared with other stents.16 17

Local shear forces and spatial gradients at the apex of bifur-
cation aneurysms are highly dependent on the bifurcation and 
inflow vessel geometry and may contribute to the development of 
brain aneurysms.18 Conflicting results and hypotheses have been 
encountered over the years regarding the association and impact 
of vascular architecture and stent remodeling on bifurcation 
aneurysms.7 8 10 18–21 Still, these studies reinforce the geometric 
and hemodynamic differences of proximal sidewall aneurysms 
compared with more distal, bifurcation aneurysms undergoing 
SAC. A previous comparison between sidewall and terminal-type 
aneurysms (mainly consisting of bifurcation aneurysms) showed 
a trend for higher symptomatic complication rates in terminal-
type aneurysms (5.7% vs 1.2%) but the difference was not signif-
icant (p=0.15).22 Similarly, non-ICA aneurysm patients in the 
ATLAS IDE cohort showed a trend for higher safety primary 
outcomes (6.3% vs 1.4%) but the difference was also not statisti-
cally significant (p=0.14). While the difference in complication 
rates between groups was not found to be statistically significant, 
there was a noticeable trend towards increased occurrences of 
stroke, vessel perforation, subarachnoid hemorrhage, and aneu-
rysm rupture, which is easy to be rationalized by considering 
the more distal nature of the aneurysm, smaller vessel caliber, 
greater stress on vessel walls, larger ratio of microcatheter size to 
vessel size, among others.

Complete aneurysm occlusion in the non-ICA group was 
achieved by 87.9% of patients, and 4.5% underwent retreat-
ment. Close to 90% of all anterior circulation aneurysms 
from the non-ICA group were located at bifurcations, with 
the anterior communicating artery (57%) and middle cerebral 
artery (24%) as the most common sites. Different endovascular 
modalities have been employed for the treatment of bifurcation 
aneurysms, including coiling, SAC, intrasaccular flow modifier, 
and flow diverters. The ATLAS IDE subanalysis of MCA aneu-
rysms demonstrated higher rates of complete aneurysm occlu-
sion (80.8%) compared with results from a meta-analysis of 
unruptured MCA aneurysms treated by different endovascular 
modalities (60%),23 and comparable to studies focusing on MCA 
aneurysm treatment with SAC (78.9–90.6%).24 25 In a previous 
experience including 184 Acomm aneurysms undergoing SAC, 
86.9% showed complete occlusion and 13.1% recanalization 
during long-term surveillance; the overall procedural complica-
tion rate in the unruptured cohort was 5.7%.26 When consid-
ering treatment with the Woven EndoBridge (WEB) device, a 
series of 48 anterior communicating artery aneurysms reported 

Table 2  Effectiveness outcomes

Parameter
Proximal 
(ICA) group

Distal (non-
ICA) group P value

Primary efficacy endpoint, n (%) 53/62 (85.5) 78/93 (83.9) 0.78

Secondary efficacy endpoints  �   �   �

 � Raymond Class (core lab), n (%)  �   �  0.78

 � 1 55/62 (88.7) 80/91 (87.9)  �

 � 2 4/62 (6.5) 8/91 (8.8)  �

 � 3 3/62 (4.8) 3/91 (3.3)  �

 � Raymond Class 1 and 2 combined, n (%)* 59/62 (95.2) 88/91 (96.7) 0.65

 � Recanalization, n (%)† 4/62 (6.5) 5/92 (5.4) 0.76

 � Progressive occlusion of target aneurysm (core 
lab), n (%)

 �   �  0.61

 � Same 37/62 (59.7) 55/91 (60.4)  �

 � Better 23/62 (37.1) 30/91 (33.0)  �

 � Worse 2/62 (3.2) 6/91 (6.6)  �

 � Parent artery stenosis >50% (core lab), n (%) 1/62 (1.6) 1/91 (1.1) 0.78

 � Incidence of stent migration (core lab), n (%) 0/68 (0.0) 0/112 (0.0) N/A

 � Incidence of retreatment (site-reported), n (%)‡ 2/70 (2.9) 5/112 (4.5) 0.55

*Composite outcome: complete aneurysm occlusion (100% occlusion – Raymond Class 1) of 
the treated target lesion on 12-month angiography, in the absence of retreatment, or parent 
artery stenosis (>50%) at the target location, and no neurological death.
†Recanalization is defined as a Raymond score of 3 at 12-month visit or retreatment due to 
recanalization.
‡Two of the seven subjects had pre-planned staged procedures.
N/A, not available.

Table 3  Safety endpoints

Parameter
Proximal 
(ICA) group

Distal (non-
ICA) group

Primary safety endpoint, n (%)* 1/70 (1.4) 7/112 (6.3)

Secondary safety endpoints

 � New or worsening major ipsilateral stroke (CEC 
adjudicated), n (%)

1/70 (1.4) 7/112 (6.3)

 � Subarachnoid hemorrhage (CEC-adjudicated), n (%) 1/70 (1.4) 6/112 (5.4)

 � Aneurysm rupture (CEC-adjudicated), n (%) 1/70 (1.4) 4/112 (3.6)

*Any major ipsilateral stroke or neurological death within 12 months. Note that one 
subject experienced both major ipsilateral stroke and neurological death.
CEC, clinical events committee.
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that complete occlusion was achieved in 62.5% of cases.27 In an 
early experience evaluating flow diverters for intracranial bifur-
cation aneurysm treatment, 97.3% of cases demonstrated no 
aneurysm filling at 18 months follow-up, with new permanent 
neurologic deficits occurring in 9.4% of cases.28 In a system-
atic review of flow diversion treatment of unruptured saccular 
anterior communicating artery aneurysms, complete occlusion 
was seen in 84.9% of cases, with an overall treatment-related 
complication rate of 8.6% (3.5% permanent complications).29 
Direct comparison among the techniques can be challenging due 
to variable aneurysm location, morphology, and flow dynamics. 
However, the ATLAS IDE cohort demonstrated high occlusion 
rates and an acceptable safety profile for distal and bifurcation 
anterior circulation aneurysms compared with historical data 
and different treatment modalities, emphasizing the potential 
for broader adoption of the device.

Additionally, at 1-year follow-up of the ATLAS IDE trial, 
88.7% of ICA aneurysm patients were completely occluded, and 
2.9% underwent retreatment. The safety endpoint was met by 
1.4% of patients, corresponding to a single case of major ipsilat-
eral stroke. Previous studies have described the feasibility of SAC 
for treating ICA aneurysms.30 31 In contemporary ICA aneurysm 
treatment, however, flow diverters have become one of the main-
stay strategies. PREMIER was the largest prospective trial eval-
uating the pipeline embolization device (PED) for treating small 
and medium-sized unruptured intracranial aneurysms (95% 
located at the ICA). At 1-year follow-up, 81.9% with aneurysms 
had complete occlusion, retreatment rate was 2.9%, and safety 
endpoint was met by 2.1%.32 In a cohort comparing ophthalmic 
aneurysms treated with SAC (n=62) and PED (n=106), there 
was no significant difference in complete occlusion (76% vs 
81%, p=0.52), retreatment rates (6.5% vs 0.9%, p=0.06), and 
neurologic complications (4.8% vs 9.4%, p=0.38) between the 
groups.33 In a similar study comparing differences in outcomes 
involving communicating ICA segment aneurysms, there were 
no significant differences in complete occlusion (70.6% vs 
81%, p=0.45) and complications between SAC and PED.34 A 
propensity score matching was used to compare the outcomes 
of 309 patients with ICA aneurysms undergoing treatment with 
Atlas SAC and PED. There were no significant differences in 
the rates of aneurysm occlusion (89.9% vs 86.5%, p=0.486), 
total complications (5.6% vs 11.2%, p=0.177), or favorable 
functional outcome (96.6% vs 97.8%, p=1.0) between the Atlas 
and PED groups.35 The high occlusion rates in our study and 
the available literature suggest that SAC with the Atlas device 
remains an efficacious strategy for ICA aneurysm treatment.

LIMITATIONS
This analysis has some limitations that need to be acknowl-
edged. There is a potential for selection bias since the study was 
non-randomized. This means that there could be other factors 
influencing the results that were not captured in the dataset. 
Heterogeneity within the groups may limit the evaluation of the 
primary intervention effect on primary outcomes between prox-
imal and distal aneurysms, including location-specific effects. 
Loss of follow-up was noted in a subset of patients, which could 
potentially introduce uncertainty to the generalizability of our 
findings. However, it is reassuring to observe that the propor-
tion of patients lost to follow-up was evenly distributed between 
the groups, which might mitigate some of the associated risks 
of bias. It is worth noting that challenges in securing complete 
angiographic follow-up are not uncommon in prospective 
studies of this nature. Despite these limitations, this study also 
had strengths. The study design included an independent central 

imaging core lab and an independent clinical event committee, 
which helped reduce bias and validate the discussion on approach 
options for anterior circulation aneurysm treatment.

CONCLUSIONS
Our study demonstrated no significant differences in effective-
ness and safety outcomes between proximal ICA aneurysms 
compared with distal and bifurcation aneurysms in patients 
treated with the Neuroform Atlas Stent System. These findings 
reemphasize the Atlas stent as a safe and efficacious treatment 
modality for unruptured anterior circulation intracranial aneu-
rysms. A trend towards higher complications was observed for 
more distal aneurysms. Larger studies are needed to assess this 
possible difference.
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