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ABSTRACT
Background  The Contour Neurovascular System 
(CNS, Stryker, Kalamazoo, MI) has a unique design that 
allows it to address various aneurysm morphologies, 
including wide-necked, irregular, and shallow-shaped 
lesions. However, evidence of its safety and efficacy 
remains limited. This systematic review and meta-analysis 
synthesizes the current data on CNS performance.
Methods  A comprehensive search guided by the 
Preferred Reporting Items for Systematic reviews and 
Meta-Analyses (PRISMA) standards was performed 
across PubMed, Embase, and Web of Science, including 
studies with ≥5 patients reporting on CNS use. Efficacy 
outcomes included immediate and last follow-up 
adequate aneurysm occlusion and technical success. 
Safety outcomes included good functional outcome 
(modified Rankin Scale (mRS) score of 0–2 at last follow-
up), procedure-related morbidity (permanent neurological 
deficits), procedure-related mortality, intraoperative 
and postoperative complications. Pooled analyses with 
95% confidence intervals (CI) were conducted, with 
heterogeneity assessed using I² statistics, and a random-
effects model was applied.
Results  Nine studies, including 483 patients (58.8% 
female; mean age: 59.3±15.6 years) with 484 
aneurysms, were analyzed. Of the 467 patients in 
whom rupture status was reported, 81.8% presented 
with unruptured aneurysms and 18.2% with ruptured 
aneurysms. Immediate adequate aneurysm occlusion 
rate was 53% (95% CI: 1% to 100%), with follow-up 
adequate occlusion at 93% (95% CI: 88% to 97%) 
and technical success at 98% (95% CI: 95% to 100%). 
Intraoperative and postoperative complication rates were 
3% (95% CI: 0% to 7%) and 7% (95% CI: 3% to 12%), 
respectively. Procedure-related morbidity was 2% (95% 
CI: 0% to 3%), with no procedure-related mortality.
Conclusion  The CNS is a safe and effective novel 
intrasaccular device for treating intracranial aneurysms.

INTRODUCTION
Intracranial aneurysms remain challenging neuro-
vascular lesions with their catastrophic rupture 
risk and, consequently, significant morbidity and 
mortality.1 Over the preceding decades, multiple 

microsurgical and endovascular approaches were 
introduced and evolved dramatically, particularly 
endovascular techniques such as coiling, flow diver-
sion, and intrasaccular flow disruption.2 However, 
until now, there has yet to be a definite consensus 
as to the best treatment option, considering the 
diversity of aneurysmal anatomical, morpholog-
ical, and rupture status.2 Thus, the development of 
new modalities is an ongoing process that aims to 
achieve the best clinical outcomes and the lowest 
complication rate.

In this context, the Contour Neurovascular 
System (CNS, Stryker, Kalamazoo, MI) is a novel 
emerging device due to its promising advantages in 
treating large-necked bifurcation aneurysms with 
a lower likelihood of commonly seen thromboem-
bolic or hemorrhagic complications.3–5 The CNS is 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ The Contour Neurovascular System (CNS), a 
novel intrasaccular device, has been shown 
to be safe and effective for the treatment of 
intracranial aneurysms in multiple observational 
studies.

WHAT THIS STUDY ADDS
	⇒ This systematic review and meta-analysis 
of 483 cases, including both bifurcation and 
sidewall aneurysms, found that the CNS is 
an effective and safe option for treating 
intracranial aneurysms. It demonstrates a high 
rate of technical success, significant aneurysm 
occlusion rates, and a favorable safety profile 
with minimal procedure-related complications.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE, OR POLICY

	⇒ The findings of this study support further 
research, particularly in the form of prospective 
studies and direct comparisons with other 
treatment modalities, including clipping, 
intrasaccular devices, and stent-assisted 
coiling, to fully establish the CNS’s role in the 
management of intracranial aneurysms.
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a versatile, cup-shaped device designed to treat aneurysms with 
diverse morphologies, including wide-necked, irregular, and 
shallow-shaped aneurysms.6 7 The CNS not only disrupts and 
diverts blood flow within the aneurysm, facilitating progres-
sive occlusion, but also reduces the need for dual antiplatelet 
therapy.8 9 In addition, the CNS adapts to the aneurysm neck 
in a semi-2D manner, allowing for easy sizing based on the 
neck’s width and 2D diameter without the need for a volumetric 
approach.10 Nevertheless, there is still a dearth of evidence in 
the literature for the safety and efficacy of CNS, with a notable 
lack of randomized controlled trials and comprehensive meta-
analyses on the subject.

We present a comprehensive systematic review and meta-
analysis of the available literature on the safety and efficacy of 
the CNS for treating intracranial aneurysms. This study aims 
to synthesize the current evidence and critically analyze the 
outcomes, thereby addressing existing gaps and providing valu-
able insights to inform clinical decision-making regarding the 
adoption of this novel therapeutic approach.

METHODS
This systematic review and single-arm meta-analysis followed 
the recommendations of the Cochrane Collaboration Hand-
book for Systematic Review of Interventions11 and the Preferred 
Reporting Items for Systematic Reviews and Meta-Analysis 
(PRISMA) 2020 statement guidelines.12

Eligibility criteria
The included studies met the following criteria: (1) they were 
either case series, prospective or retrospective cohorts, or 
randomized controlled trials; (2) they reported data on the 
applicability, safety, or efficacy of the use of CNS for treating 

intracranial aneurysms; (3) they included a cohort of at least five 
patients; and (4) they were written in English.

Search strategy, data extraction, and quality assessment
A comprehensive search was conducted on PubMed, Embase, 
and Web of Science, from inception to June 3, 2024, with the 
following search strategy: (“Contour” OR “Contour Neuro-
vascular System”) AND (aneurysm OR aneurysms) AND 
(intracranial OR brain OR cerebral). The database search was 
supplemented with a comprehensive forward and backward 
review of the references in the included studies. The Risk Of Bias 
In Non-randomized Studies - of Interventions (ROBINS-I) tool 
was adopted to evaluate the risk of bias in the included studies.13 
Two authors (MV and GS) independently assessed the data 
extraction and quality assessment, and any conflict was resolved 
by a third author (AG).

Endpoints definition and outcomes
Efficacy outcomes
The efficacy outcomes following embolization were: (1) imme-
diate adequate aneurysm occlusion, (2) adequate aneurysm 
occlusion at the last follow-up, (3) technical success, defined as 
successful deployment of CNS.

Adequate occlusion was defined as total aneurysm obliter-
ation, cases with residual neck filling, or those classified as 
Raymond-Roy grade14 1 or 2 in the study.

Safety outcomes
The safety outcomes were (1) good functional outcome, 
defined as a modified Rankin Scale (mRS) score of 0–2 at the 
last follow-up; (2) procedure-related morbidity, defined as 
procedure-related complications that resulted in permanent 

Figure 1  PRISMA flow diagram. by copyright.
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neurological deficits; (3) procedure-related mortality, defined as 
death due to procedure-related complications; (4) intraoperative 
complications; (5) postoperative complications.

Additionally, a subanalysis was conducted on the available 
stratified safety and efficacy outcomes for ruptured cases.

Statistical analysis
The statistical analysis was performed using R software version 
4.3.0 (R Core Team, 2023) using the meta package, employing 
the inverse variance and the restricted maximum likelihood 
methods.15 We computed single proportion analyses of the 
pooled prevalence (%) with 95% confidence intervals (CI) under 
a random-effects model. We assessed heterogeneity with I² statis-
tics, and I² > 40% was considered significant for heterogeneity.11 
Due to the limited number of included studies, fewer than 10 per 
analysis, it was not feasible to conduct Egger’s regression test to 
assess publication bias or perform a meta-regression.11

RESULTS
Study selection
A total of 301 articles were identified from PubMed (101), 
Embase (112), and Web of Science (88). After title and abstract 
screening, 12 articles underwent full-text review. Four studies 
were excluded because they had overlapping populations. An 
additional search of websites (detailed in online supplemental 
appendix) on expert suggestion yielded the inclusion of one 
study. Ultimately, nine articles7 9 16–22 satisfied the inclusion 

criteria (all were retrospective, and three were multicentric 
studies). The search is illustrated in figure 1.

Baseline patient and study characteristics
A total of 483 patients (58.8% female; mean age: 59.3±15.6 
years) were included. Most patients presented with a pre-
treatment mRS score of 0–2 (64.2%) (table 1). The total number 
of aneurysms was 484 (81.8% unruptured at presentation and 
72.9% located in the anterior circulation); further aneurysm 
characteristics are available in table  2. An elective procedural 
fashion was predominantly reported (83.7%) for the CNS place-
ment. Further details on the procedure, follow-up, and indi-
vidual descriptions of the studies are presented in table 2.

Pre- and post-procedural antiplatelet regimens were reported 
in six of nine studies, demonstrating considerable variability. 
For elective cases, pre-procedural antiplatelet therapy included 
single antiplatelet therapy, dual antiplatelet therapy, or no 
therapy.7 9 17 20 22 For ruptured aneurysms, pre-procedural anti-
platelet therapy was avoided in three studies17 20 22, initiated as 
single antiplatelet therapy for 71% of patients from one study9, 
and as dual antiplatelet therapy (ticagrelor 180 mg and aspirin 
300 mg) for all patients in one study.19 Post-procedural anti-
platelet therapy was reported by six studies7 9 16 19 20 22 as single 
antiplatelet therapy (aspirin 75 mg or 100 mg). The duration 
varied across studies, with a median of 6 weeks, ranging from 
4 to 8 weeks. None of the studies described the use of platelet 
aggregation testing. Online supplemental table S1 summarizes 
the antiplatelet protocols across studies.

Efficacy outcomes
Regarding immediate adequate aneurysm occlusion, data from 
five studies were included with 75 lesions, yielding a rate of 
53% (95% CI: 1% to 100%; I2=99%). Concerning follow-up 
adequate occlusion, eight studies were included, presenting a 
rate of 93% (95% CI: 88% to 97%; I2=34%, figure 2), with 303 
out of 335 patients reporting adequate obliteration (follow-up 
ranged from 3 to 24 months).

In the evaluation of technical success, data from nine studies 
were included in the analysis, reporting a rate of 98% (95% 
CI: 95% to 100%; I2=46%), with 472 out of 488 procedures 
successfully performed.

Safety outcomes
Regarding good functional outcomes at the last follow-up, data 
from eight studies were included, yielding a rate of 98% (95% 
CI: 95% to 100%; I2=16%), with 363 out of 378 patients 
considered as having a good outcome. Eight studies concerning 
procedure-related morbidity were included, presenting a rate of 
2% (95% CI: 0% to 3%; I2=0%) with 9 out of 375 events.

Nine studies were included for procedure-related mortality, 
presenting a rate of 0%. Concerning the intraoperative compli-
cations rate, nine studies were included, presenting a rate of 3% 
(95% CI: 0% to 7%; I2=70%), with 29 out of 483 events. For 
postoperative complications rate, eight studies were included, 
presenting a rate of 7% (95% CI: 3% to 12%; I2=31%), with 
38 out of 435 events. The results of the safety and efficacy 
outcomes, along with the subanalysis for ruptured cases, are 
summarized in table  3, and all corresponding forest plots are 
available in the online supplemental appendix.

Quality assessment
online supplemental file 1 S12 and S13 depict the risk of bias 
assessment conducted using the ROBINS-I tool. The majority 

Table 1  Patient demographics, aneurysm features, and procedural 
description

Variable N (%)

Sex

 � Male 199 (41.2)

 � Female 284 (58.8)

Age (mean±SD) 59.3±15.6

Clinical status at presentation

 � mRS 0 256 (77.6)

 � mRS 1 48 (9.5)

 � mRS 2 6 (1.2)

 � mRS 3 7 (2.1)

 � mRS 4 7 (2.1)

 � mRS 5 9 (2.7)

 � NR 150

Aneurysm rupture status at presentation

 � Unruptured 383 (81.8)

 � Ruptured 85 (18.2)

 � NR 16

Aneurysm Location

 � Anterior Circulation 353 (73.5)

 � Posterior Circulation 127 (26.5)

 � NR 4

Procedural fashion

 � Elective 405 (86.2)

 � Emergent 65 (13.8)

 � NR 14

mRS, modified Rankins scale; NR, not reported; SD, standard deviation.
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of studies were found to have a moderate risk of bias, predomi-
nantly influenced by issues in the classification of interventions, 
the measurement of outcomes, and the selection of reported 
results. Most outcomes, including follow-up aneurysm occlu-
sion, procedure-related morbidity and mortality, and good clin-
ical outcomes, showed no heterogeneity across the included 
studies (table 3).

DISCUSSION
Our systematic review and meta-analysis, encompassing 484 
aneurysms treated with the CNS, yielded significant findings 
that have important implications for the treatment of intra-
cranial aneurysms. The CNS, a novel device designed to adapt 
to the aneurysm’s shape and provide both flow disruption and 
diversion, has shown promising short- and mid-term safety and 
efficacy outcomes (up to 24 months follow-up), with a very low 

rate of commonly encountered complications such as vasospasm, 
thrombosis, and bleeding.

The technical success of CNS deployment in our meta-analysis 
was remarkably high at 98%, underscoring the feasibility and 
reliability of the system in diverse clinical settings. The high rate 
of technical success further reinforces the adaptability and utility 
of the CNS across a variety of aneurysm morphologies and loca-
tions. Despite the majority of aneurysms in our analysis being 
located at bifurcations, our study was not limited to bifurcation 
aneurysms; it included all cerebral aneurysms treated with the 
CNS, better reflecting real-world experience and expanding the 
understanding of CNS applications beyond bifurcation locations. 
Information on immediate occlusion was available in only 75 out 
of 483 patients (15.5% of cases), with a 53% adequate occlusion 
rate in this subset. Information on follow-up occlusion outcomes 
was available in 335 of 483 patients (69.4% of cases), with an 

Figure 2  Forest plot of follow-up adequate aneurysm occlusion.

Table 3  Summary of meta-analysis findings

Overall

Outcomes Proportion (95% CI) I2 (%) No. of studies Events/ Total

Efficacy

 � Immediate adequate aneurysm occlusion rate 53% (1-100) 99 5 42/75

 � Adequate aneurysm occlusion rate at last follow-up 93% (88-97) 34 8 303/335

 � Technical success 98% (95-100) 46 9 472/488

Safety

 � Good functional outcome 98% (95-100) 16 8 363/378

 � Procedure-related morbidity 2% (0 to 3) 0 8 9/375

 � Procedure-related mortality 0% (0 to 0) 0 9 0/483

 � Intraoperative complications 3% (0 to 7) 70 9 29/483

 � Postoperative complications 7% (3-12) 31 8 38/435

Subanalysis for ruptured aneurysms

Outcomes Proportion (95% CI) I2 (%) No. of studies Events/ Total

Efficacy

 � Adequate aneurysm occlusion at last follow-up 95% (86-100) 16 5 41/45

 � Technical success 100% (96-100) 0 5 59/60

Safety

 � Intraoperative complications 9% (0 to 20) 41 5 8/60

 � Postoperative complications 3% (0 to 8) 0 5 2/60

No., Number.;
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adequate occlusion rate of 93% at the last follow-up, suggesting 
that the CNS provides a progressive rate of occlusion over time. 
This progressive occlusion is likely attributable to the flow-
diversion properties of the CNS, which promote thrombosis 
within the aneurysm sac, gradually leading to complete occlu-
sion.10 Despite being based on a small number of cases (60 of 
483, 12.4%), the subanalysis of ruptured cases treated with CNS 
yielded similar technical success rates and follow-up occlusion 
outcomes to the overall analysis results (table 3). Compared with 
other endovascular treatment options, especially with the Woven 
Endobridge (WEB, Microvention) the CNS shows promising 
follow-up occlusion rates. Five-year follow-up studies reported 
adequate occlusion rates of 77.9% to 87.2% for the WEB.23 24 A 
recent meta-analysis found an 89% complete occlusion rate for 
wide-neck bifurcation aneurysms treated with Y-stent-assisted 
coiling.25

In terms of safety, our analysis revealed a very favorable profile 
for the CNS. The procedure-related mortality rate was 0%, and 
the procedure-related morbidity was 2%. This low incidence of 
severe complications indicates that the CNS may offer a safer 
alternative to more traditional endovascular treatments, which 
are often associated with higher morbidity and mortality rates. 
For example, previous studies on other endovascular methods, 
including X or Y stenting, stent/balloon-assisted coiling, and neck 
bridging devices, have reported procedure-related morbidity 
rates ranging from 7% to 10% and mortality rates from 1.0% 
to 5.4%.3 5 26 27 The CNS’s ability to achieve high rates of good 
functional outcomes — 98% of patients had an mRS score of 
0–2 at the last follow-up — highlights its potential for a safe 
treatment. Compared with the WEB-IT trial, which reported a 
procedure-related mortality of 0.7% and morbidity of 1.3%, the 
CNS demonstrates a promising safety profile.23

The CNS also showed a relatively low rate of intraoperative 
(3%) and postoperative (7%) complications (table  4). These 
findings are particularly notable when compared with the 
complication rates associated with other techniques such as flow 
diversion or stent-assisted coiling, where complication rates can 

be higher. For instance, flow diverters for bifurcation aneurysms 
are associated with a 22% complication rate and a 7% rate of 
procedure-related morbidity.28 The reduced need for aggressive 
antiplatelet therapy with the CNS likely contributes to its safer 
profile, which is a significant advantage, especially for patients 
with comorbidities or those who are at higher risk for bleeding 
complications.6 8 9 This feature not only simplifies post-operative 
care but may also lower the overall risk of long-term compli-
cations, contributing to better patient outcomes. Additionally, 
the CNS’s cup-like configuration allows for more stable and 
precise placement within the aneurysm sac, as it conforms to 
the bottom of the aneurysm on deployment, reducing the like-
lihood of device displacement, as reflected by its high technical 
success rates.21 29 The non-volumetric simplified sizing approach 
allows for device selection based on the equatorial dome diam-
eter of the aneurysm and the diameter of the neck (figure 3). 
Furthermore, the significantly shorter median deployment times 
compared with the WEB device further underscore the ease of 
use and safety profile of the CNS.29

However, despite the promising results, this study is not 
without its limitations. Most of the included studies were retro-
spective and conducted in single-center settings, which could 
introduce biases in patient selection and outcome reporting. The 
radiologic and clinical outcomes were self-adjudicated, and the 
radiologic follow-up was short, ranging from 3 to 24 months. 
Additionally, there was considerable variability in how compli-
cations were defined and reported across the studies, which may 
affect the generalizability of our findings. The lack of a stan-
dardized protocol for assessing and categorizing complications 
also introduces potential observer bias, which we attempted 
to mitigate by providing detailed descriptions of all reported 
complications and their outcomes. Lastly, 57.6% of the included 
aneurysms were reported by Griessenauer et al,9 which may 
suggest that the results of this study could disproportionately 
influence the meta-analysis outcomes. However, it is important 
to note that this was a 10-center retrospective cohort study, and 
we excluded multiple studies to prevent potential population 

Table 4  Summary of procedure-related complications

Study
Intraoperative complications 
(No. of events)

Postoperative complications (No. 
of events) Management (No. of events) Final outcome (No. of events)

Akhunbay-Fudge 20207 None Headache (1)
Thromboembolic (2)

Discharged on 6 weeks of ASA and 
3 months of clopidogrel (1)
IV Abciximab 5mg; discharged on 2 
months of ASA and clopidogrel (1)

No clinical repercussion

Chung 202218 None None NA No clinical repercussion

Dange 202219 None None NA No clinical repercussion

Diana 202217 None None NA No clinical repercussion

Gallo-Pineda 202420 Embolism (2)
Device displacement (3)

Minor stroke (1)
Device displacement (5)

IV Tirofiban (2)
Retreatment with other 
embolization techniques (3)

No clinical repercussion

Gärtner 202321 NR None NR NR

Griessenauer 20249 Premature detachment (4)
Other device-related (17)

Hemorrhagic (1) Thromboembolic (19) NR mRS 3 (3), mRS 4 (2), mRS 5 (1)

Mostafa 202316 Device-related (1)
Thromboembolic (1)
Aneurysm rupture (1)

Severe vasospasm (1) NR No clinical repercussion (2)
Severe neurological impairment (2)

Radomi 202422 None Transient visual disturbances (3)  
Inguinal hematoma (1)  
Asymptomatic hemorrhagic event (1)  
Thromboembolic (3)

IV ASA and Tirofiban (1)
No specific treatment (7)

No clinical repercusion (7)
Major ischemic stroke that resulted 
in morbidity (1)

ASA, aspirin; NA, not applicable; NR, not reported; IV, intravenous; mRS, modified Rankin scale
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overlap where individual institutions had previously published 
their experiences.

Furthermore, while the CNS appears to be highly effective for 
a wide range of aneurysms, it is important to note that our anal-
ysis did not include a direct comparison with other established 
treatment modalities. Future studies should aim to conduct 
randomized controlled trials comparing the CNS directly with 
other treatment options, such as clipping, flow diverters, intra-
saccular devices, and stent-assisted coiling, to further validate its 
efficacy and safety.

In conclusion, our systematic review and meta-analysis 
suggests that the CNS is a highly effective and safe option for 
the treatment of intracranial aneurysms. It offers a high rate of 
technical success, significant rates of aneurysm occlusion, and a 
favorable safety profile, with minimal procedure-related compli-
cations. These findings support the CNS as a viable alternative 
to more traditional endovascular techniques, particularly in 
complex cases where other devices may be less effective or pose 
higher risks. However, further research, particularly in the form 
of prospective studies and direct comparisons with other treat-
ment modalities, is warranted to fully establish the CNS’s role in 
the management of intracranial aneurysms.
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