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Comparative Outcome Analysis of Enterprise and Neuroform
Stent-Assisted Coiling of Cerebral Aneurysms: A Review of the Literature

Abstract

Introduction: One of the popular treatment strategies for complex cerebral aneurysms with wide
necks or low dome-to-neck ratios is stent-assisted coiling. The most widely used intracranial stents
for stent-assisted coiling are Neuroform (NF) and Enterprise (EP) stents. The purposes of this study
are to review the recent literature of the past 5 years to compare outcomes between the EP and NF
stent-assist coiling systems so as to comment on the safety, efficacy, complications, and recurrence
rate of stent-assisted coiling in general. Methods: PubMed was used to search for all published
literature of NF or EP stent-assisted coiling of unruptured cerebral aneurysms from January 2014
to August 2019 with the search terms of “Enterprise stent-assisted coiling,” “Neuroform stent,” and
“Neuroform vs. Enterprise stent.” Results: Twenty two publications met the inclusion criteria which
encompass 1764 patients and 1873 aneurysms. Out of these 1873 aneurysms, 1007 aneurysms were
treated with EP stent and 866 aneurysms were treated with NF stent. The overall outcome was low
rates of thromboembolic complications (4.37%) and intracranial hemorrhage (1.13%), low permanent
morbidity (1.70%) and mortality (0.40%), and lower rate of recanalization (11%). Data analysis
shows an overall higher rate of complication and recurrence of aneurysm and lower overall rate of
aneurysmal occlusion in the patients where EP stent was used in comparison to NF stent. However,
this difference was not statistically significant. Conclusions: The review of two stent-assisted coiling
devices using EP and NF stents including 1873 aneurysms in 1764 patients revealed that overall, it is
safe and effective with comparable outcomes.
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achieving a modest 30% initial complete
occlusion rate, and a 33% occlusion rate at
3 months follow-up. This series represents
a unique subset of aneurysms that would
be “uncoilable” (i.e., 0% occlusion rate) if
managed by coiling alone. To date, several
publications have reviewed the published
literature comparing stent-assisted coiling
between various stent used and especially
the two most commonly wused stents
Neuroform (NF; Stryker, Food and Drug
Administration [FDA] approved in 2002)
and Enterprise (EP; Codman, FDA approved
in 2007) stents. NF is a self-expanding stent
with an open-cell design and undergone
multiple iterations including NF 2, Treo 2,
Treo 3 and EZ. EP is a self-expanding stent
with a closed-cell design.

Introduction

A wide variety of treatment strategies have
evolved over the time for the management
of cerebral aneurysms including surgical
and endovascular. Endovascular treatment
evolved very rapidly with introduction
of various devices. One of the popular
treatment strategies for complex cerebral
aneurysms with wide necks or low
dome-to-neck  ratios is  stent-assisted
coiling. The mechanism of action of stents
in improving angiographic aneurysmal
occlusion is by serving as a scaffold to
prevent coil prolapse, increased coil packing
density, greater stability to the coil mass,
and promoting re-endothelialization.!-1%!

The first case series of patients treated
with stent-assisted coiling was published in
1999 by Lanzino et al.'! They described
10 patients with vertebral-basilar or proximal
internal carotid artery (ICA) aneurysms,

Since the publication of the most recent
large review by Gross and Frerichs!'?! and
King et al. (2015),l') the number of case
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series published reporting on stent-assisted coiling has been
increasing with variable results. Since there is continuous
evolution of techniques and newer techniques are coming
up such as flow diverters, there is a need to evaluate
the latest literature for the past 5 years to ascertain the
important place of stent-assisted coiling in treating cerebral
aneurysms. The purposes of this study are to review the
recent literature of the past 5 years to compare outcomes
between the EP and NF stent-assist coiling systems so as
to comment on the safety, efficacy, complications, and
recurrence rate of stent-assisted coiling in general.

Methods
Data sources

PubMed was used to search for all published literature of
NF or EP stent-assisted coiling of un-ruptured cerebral
aneurysms from January 2014 to August 2019 with
the search terms of “Enterprise stent-assisted coiling,”
“Neuroform stent,” and “Neuroform vs. Enterprise stent.”
All abstracts of manuscripts or entire articles published
in English in the past 5 years were reviewed. Case series,
prospective studies, or clinical trials with 9 or more patients
containing reported clinical and/or radiological data
following intracranial stenting with EP or NF stents for the
treatment of cerebral aneurysms were included. Only those
patients with clearly listed data for each individual system
of EP or NF were included. Patients receiving both EP and
NF stents simultaneously were excluded. The choice of
stent techniques and configurations was determined by the
operator, taking into account the angiographic architecture
of the aneurysm and the advantages and challenges of each
available stent.

Data extraction

All studies that met our inclusion criteria were reviewed
in full, and from each study, we extracted the sample
size for each stent system used and the following

outcome measures: thromboembolic events (defined
as transient ischemic attack, stroke, or development
of asymptomatic thrombus during procedure), new

periprocedural intracranial hemorrhage (ICH), permanent
morbidity (present at last follow-up), mortality, deployment
failure, delayed in-stent stenosis (defined by the presence of
the term “moderate,” “severe,” or “symptomatic” or if not
clearly defined by the authors), initial complete (100%) or
near-complete (Raymond—Roy Class 1 and 2) angiographic
occlusion of the aneurysm after treatment, complete or
near-complete occlusion of the aneurysm at last follow-up,
and recanalization or recurrence of the aneurysm at
follow-up.

Studies that used terms such as ‘“recanalization,”
“recurrence,” those that listed progression of aneurysm
remnant, or those that listed progression to a higher
Raymond grade on follow-up were included in the last
outcome measure. Aneurysm filling was graded using

the Raymond-Roy classification.' Class 1 aneurysms
were those that remained completely occluded, Class II
aneurysms were those that had residual contrast filling at
the aneurysm neck, and Class III aneurysms were those
that had residual contrast filling centrally within the coil
mass beyond the neck or along the aneurysm wall beyond
the neck.

All recorded data were verified by a second reviewer
and collected on a standardized spreadsheet. Deployment
failure, initial complete occlusion, complete occlusion at
follow-up, and recanalization were assessed per aneurysm
while the remaining outcome measures were assessed
per patient. If data on a particular outcome measure were
not available for a given study, the patients from that
study were excluded from the denominator during the
analysis of that outcome measure. Statistical analysis was
done by SPSS (Statistical Package for Social Sciences,
developed by IBM, New York, USA) which was used to
determine significance. P < 0.05 was considered statistically
significant.

Results

Twenty-two publications [Table 1] met the inclusion criteria
and included in our study.'>*! A total number of 1764 patients
with total 1873 aneurysms were treated during the above
said period of publication. Of these, 1007 aneurysms were
treated with EP and 866 were treated with NF. The majority
of the included studies were retrospective in nature. The
duration of follow-up was variable from 6 to 24 months
among different studies. Data were collected in the manner
described above and compiled in tabular form [Table 2]
which shows the overall rates of clinical complications
and complete or near-complete angiographic occlusion,
recanalization as well as the comparative analysis between
stent types for all patients. Data analysis shows an overall
higher rate of complication and recurrence of aneurysm
and lower overall rate of aneurysmal occlusion in the
patients where EP stent was used in comparison to NF stent.
However, this difference is not statistically significant as the
P value turned out to be >0.05 for all parameters.

Discussion

Our study represents the review of the current literature
of the past 5 years from January 2014 to August 2019 on
stent-assisted coiling using EP and NF intracranial stents.
Our study includes total 1873 aneurysms in 1764 patients
in 5 years which makes it as the largest study which
evaluated the current trend and evolution in stent-assisted
coiling of intracranial aneurysms. Although it is not as large
as done by King et al. 2014, it is exploring the latest
trend. Overall, this analysis demonstrates that stent-assisted
coiling has evolved over last few years and giving better
results than earlier. When the overall figures were compared
with those analyzed in the study by King et al.,!'¥) we found
that there is further improvement in almost all assessment

Asian Journal of Neurosurgery | Volume 15 | Issue 1 | January-March 2020 5



Goyal, et al.: Comparative outcome analysis of Enterprise and Neuroform stent-assisted coiling of cerebral aneurysms — A review of the literature

Table 1: Details and salient points of various studies included in our review

Study Year of Duration of study Stent Number  Number of R1/2 occlusion  Recanalization
publication used of patients aneurysms at last follow-up
Nakazaki et al.l'™) 2017 2010-2015 NF 31 32 19 4
EP 48 49 29 6
Wang et al.l's) 2018 2009-2016 NF 103 109 82 9
EP 57 61 35 7
Linzey et al.l'} 2017 2005-2012 NF 92 92 82 10
EP 30 30 19 11
Lim et al."® 2018 2012-2016 NF 25 27 20 7
EP 179 195 174 21
Cay et al.l" 2018 2015-2017 NF 48 51 48 3
Kiihn et al.?” 2016 2006-2012 NF 22 24 23 1
EP 19 20 16 4
Ulfert et al.?! 2018 2016-2017 NF 36 37 37 0
Lee et al.* 2018 2012-2016 NF 25 27 19 8
EP 176 192 157 35
Gentric et al.»! 2015 2008-2010 NF 97 97 80 13
Durst et al.? 2014 2002-2012 NF 77 77 67 10
EP 53 53 51 6
Tsai et al.®! 2019 January-December 2018 NF 56 56 52 4
Ten Brinck et al.* 2019 2015-206 NF 27 27 18 8
Goertz et al .*" 2019 2014-2018 NF 37 37 35 2
Quintana et al.*® 2019 2015-2017 NF 30 30 28 2
Jankowitz et al.*) 2019 June-September 2015 NF 30 30 26 3
Caragliano et al.’% 2019 2016-2017 NF 113 113 104 106
Xu et al.PV 2018 2013-2016 EP 44 44 39 2
Feng et al.®% 2018 2014-2016 EP 111 142 131 11
Herweh et al.33 2018 April-December 2015 EP 9 9 8 1
Ge et al.?¥ 2016 2014-2015 EP 98 112 105 6
Kim et al. 2015 2012-2014 EP 55 57 53 4
Ye et al.*9 2015 2010-2012 EP 36 43 37 2

NF — Neuroform; EP — Enterprise

Table 2: Clinical outcomes of patients having aneurysm following stent-assisted coiling using Enterprise and
Neuroform stents

Factor Total, n (%) EP, n (%) NF, n (%)
Number of patients 1764 915 849
Number of aneurysms 1873 1007 866
Thromboembolic events 77 (4.37) 45 (4.92) 32 (3.77)
Periprocedural intracranial hemorrhage 20 (1.13) 11 (1.20) 9 (1.06)
Permanent morbidity 30 (1.70) 17 (1.86) 13 (1.53)
Mortality 7 (0.40) 4(0.44) 3(0.35)
Deployment failure 32 (1.71) 19 (1.89) 13 (1.50)
In-stent stenosis 24 (1.28) 15 (1.49) 9 (1.04)
Initial complete or near-complete occlusion 1521 (81.21) 774 (76.86) 747 (86.26)
Last follow-up complete or near-complete occlusion 1594 (84.81) 854 (84.81) 740 (85.45)
Recurrence/re-canalization 206 (11.00) 116 (11.52) 90 (10.39)

NF — Neuroform; EP — Enterprise

parameters. These devices in our study versus in King
et al® 2014 study produce low rates of TE complications
(4.37% vs. 6.4%) and ICH (1.13% vs. 2.6%), low
permanent morbidity (1.70% vs. 4%) and mortality (0.40%
vs. 2.3%), and lower rate of recanalization (11% vs. 12%).

Though data of satisfactory angiographic occlusion is not
comparable across different studies because they used
different criterias for defining satisfactory angiographic
occlusion. In our study, we used Raymond Grade 1 and
2 as satisfactory occlusion; on the other hand, their study
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used Raymond Grade 1 (100%) occlusion as satisfactory.
Regarding satisfactory aneurysmal occlusion rate, our
study shows a very encouraging result of 81.21% of initial
occlusion rate and 84.81% at last follow up. The low
clinical complication rate and high degree of occlusion are
particularly encouraging, given that most aneurysms treated
with stent-assisted coiling are done so for aneurysms with
wide necks, poor dome-to-neck ratios, or other complex
features that may incur a higher risk of coil prolapse or
TE complication if coiling primarily, as well as a higher
likelithood of recanalization. Furthermore, the low ICH
rate is also encouraging given the requirement for dual
antiplatelet therapy after stent deployment. Overall, this
large literature review suggests that stent-assisted coiling
is a safe and effective treatment strategy for intracranial
aneurysms.

In contradiction to the previous largest review by King
et al., our study shows the superiority of NF stent over
the EP stent in all the studied parameters though it is not
statistically significant. However, our study clearly defies
the statistically significant superiority of EP stent over NF
stent as shown by King et al.'¥ in terms of the rates of
deployment failure, ICH, mortality, complete aneurysm
occlusion at follow-up, and recanalization.

There are several possible explanations for these
contradictory findings. The NF was the first self-expanding
intracranial stent and became available in a clinical trial
in Europe in 2001.2! Since then, this stent underwent
multiple modifications to NF 2, NF 3, and now NF Atlas.
Many studies covered under our review had used the
latest version of NF stent. Linzey et al.'” found similar
packing densities in both groups, so this was an unlikely
contributor. Both the EP and NF stents are made of nitinol
with approximately 5% metal coverage. NF stent construct
is an open-cell design, which improves wall apposition in
curving arterial segments. In contrast, the EP stent has a
rigid closed-cell design, which hinders the apposition of the
stent to the vessel wall, particularly in tortuous anatomy,
potentiating the risk of endoleak.?’*¥! The rigid structure
can also lead to kinking, making recrossing the stent
for coiling very difficult.”® EP stent is having parylene
coating which is not in the case of NF stent. Parylene is a
biologically inert polymer that provides a slick surface.?”
This coating is to prevent sticking in the microcatheter
during deployment. Previous studies have hypothesized a
potential role of the parylene coating in the increased risk
of embolic complications with the EP stent.’”’ However, in
our study, the thromboembolic rate was found to be higher
in EP group, but it is not statistically significant. Further
studies may help to elucidate the effects caused by the
unique properties of the NF and EP stents in the aneurysm
microenvironment.

Stent-assisted coiling is one of the popular treatment
strategies for complex cerebral aneurysms with wide necks

or low dome-to-neck ratios. The mechanism of action of
stents in improving angiographic aneurysmal occlusion is
by serving as a scaffold to prevent coil prolapse, increased
coil packing density, greater stability to the coil mass, and
promoting re-endothelialization.!'"'”! That endothelialization
at the aneurysm neck encourages progressive aneurysmal
occlusion through a flow remodeling phenomenon.[ 04!
Some studies have given their conclusion that stent-assisted
coiling has lower recanalization rates than the aneurysmal
coiling without stent assistance. !

Flow diverters are popular alternative means of treating
wide-necked or complex cerebral aneurysms. There is
a monumental advancement in the ability to exclude
aneurysms from the circulation and also to reconstruct
the parent vessel. The mechanism of action of aneurysmal
occlusion is to reduce intra-ancurysmal flow, stasis of
blood, and thrombosis, with neo-endothelialization of
the stent to finally reconstruct the parent vessel. It does
not require direct aneurysm catheterization. Pipeline
embolization device (PED) was first introduced in 2008
and gained popularity very fast. In a literature review by
Murthy et al.l* including 905 patients and more than 1000
aneurysms treated with the (PED; ev3-Covidien, Plymouth,
Minnesota, USA), both ICH and mortality occurred in
2.3% of patients. The complete aneurysmal occlusion rate
was 80% at a 6-month follow-up. Furthermore, recent
cost-effectiveness analyses have favored flow diversion
over alternative endovascular treatments, an effect that
becomes more pronounced as aneurysm Ssize increases.
#3431 However, the results of our study seem to be more
promising in terms of ICH, and mortality rate occurred
in 1.13% and 0.40% only with a higher occlusion rate of
84.81% at last follow-up. Although we did not analyze
the statistical significance of these differences in outcome
associated with stent assisted coiling and flow diverters.
Our results are marginally in favour of stent assisted coiling
in contrast to the results of review done by Murthy et al.*?
This difference might be because of use of newer stenting
dvices. However, PED is currently only FDA-approved
for wide-necked aneurysms from the petrous to superior
hypophyseal segment of the ICA, a restriction not shared by
ENT or NEU. The present study suggests that stent-assisted
coiling has comparable safety and efficacy to the PED but
appears to have more versatility given that it may be used
efficaciously in smaller parent arteries or at bifurcation
sites without the need for off-label use. Furthermore, newer
technology, i.e., PED requires additional training to master
procedural nuances. For these reasons, stent-assisted coiling
will likely remain a strong consideration for aneurysms
with wide necks or poor dome-to-neck ratios, even in light
of the increasing popularity of flow diversion.

Apparent limitations of our study are biases of the
individual studies and the large number of retrospective
series, and heterogeneity between studies creates the
problem in making the results generalized. Additional
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limitations of our study are exclusion of demographic
information, variable reporting using different definitions,
the number of stents used, nonavailability of long term
follow up data which together makes direct comparisons
difficult. Given that a large portion of the data are
self-reported, the reported recanalization rate of 11%
probably significantly underestimates the true rate as
numerous studies have demonstrated that self-reported data
consistently overestimate effect size compared with core
laboratory-adjudicated data.**4! As suggested by Gross and
Frerichs,!'?! different stents may be more or less applicable
depending on factors such as the baseline parameters of
the patient, the clinical characteristics of the aneurysm,
and operator training. In addition, the differences in cost
or availability of these devices may drive the selection of
devices.

Conclusions

Our study represents the review of the current literature
of the past 5 years which is the largest for this period.
The review of two stent-assisted coiling devices using EP
and NF stents including 1873 aneurysms in 1764 patients
revealed that overall, it is safe and effective, with low
rate of complications, morbidity, mortality, and recurrence
and with high rate of aneurysmal occlusion. Comparative
analyses of data show better results in all aspects with
NF stent. However, this difference is not statistically
significant. However, this is indicating toward improved
outcome with NF stent in contrast to earlier studies.

Financial support and sponsorship
Nil.
Conflicts of interest

There are conflicts of interest.

References

1. Jabbour P, Koebbe C, Veznedaroglu E, Benitez RP,
Rosenwasser R. Stent-assisted coil placement for unruptured
cerebral aneurysms. Neurosurg Focus 2004;17:E10.

2. Biondi A, Janardhan V, Katz JM, Salvaggio K, Riina HA,
Gobin YP. Neuroform stent-assisted coil embolization of
wide-neck intracranial aneurysms: Strategies in stent deployment
and midterm follow-up. Neurosurgery 2007;61:460-8.

3. Benitez RP, Silva MT, Klem J, Veznedaroglu E, Rosenwasser RH.
Endovascular occlusion of wide-necked aneurysms with a
new intracranial microstent (Neuroform) and detachable coils.
Neurosurgery 2004;54:1359-67.

4. Fiorella D, Albuquerque FC, Deshmukh VR, McDougall CG.
Usefulness of the Neuroform stent for the treatment of cerebral
aneurysms: Results at initial (3-6-mo) follow-up. Neurosurgery
2005;56:1191-201.

5. Fiorella D, Albuquerque FC, Han P, McDougall CG. Preliminary
experience using the Neuroform stent for the treatment of
cerebral aneurysms. Neurosurgery 2004;54:6-16.

6. Akpek S, Arat A, Morsi H, Klucznick RP, Strother CM,
Mawad ME. Self-expandable stent-assisted coiling of
wide-necked intracranial aneurysms: A single-center experience.

10.

11.

12.

13.

16.

17.

18.

19.

20.

21.

22.

23.

AJNR Am J Neuroradiol 2005;26:1223-31.

Katsaridis V, Papagiannaki C, Violaris C. Embolization of
acutely ruptured and unruptured wide-necked cerebral aneurysms
using the Neuroform 2 stent without pretreatment with
antiplatelets: A single center experience. AJNR Am J Neuroradiol
2006;27:1123-8.

Lylyk P, Ferrario A, Pasbon B, Miranda C, Doroszuk G.
Buenos Aires experience with the Neuroform self-expanding
stent for the treatment of intracranial aneurysms. J Neurosurg
2005;102:235-41.

Lee YJ, Kim DJ, Suh SH, Lee SK, Kim J, Kim DI. Stent-assisted
coil embolization of intracranial wide-necked aneurysms.
Neuroradiology 2005;47:680-9.

Weber W, Bendszus M, Kis B, Boulanger T, Solymosi L,
Kiithne D. A new self-expanding nitinol stent (Enterprise) for the
treatment of wide-necked intracranial aneurysms: Initial clinical
and angiographic results in 31 aneurysms. Neuroradiology
2007;49:555-61.

Lanzino G, Wakhloo AK, Fessler RD, Hartney ML,
Guterman LR, Hopkins LN. Efficacy and current limitations of
intravascular stents for intracranial internal carotid, vertebral, and
basilar artery aneurysms. J Neurosurg 1999;91:538-46.

Gross BA, Frerichs KU. Stent usage in the treatment of
intracranial aneurysms: Past, present and future. J Neurol
Neurosurg Psychiatry 2013;84:244-53.

King B, Vaziri S, Singla A, Fargen KM, Mocco J. Clinical and
angiographic outcomes after stent-assisted coiling of cerebral
aneurysms with Enterprise and Neuroform stents: A comparative
analysis of the literature. J Neurointerv Surg 2015;7:905-9.

Roy D, Milot G, Raymond J. Endovascular treatment of
unruptured aneurysms. Stroke 2001;32:1998-2004.

. Nakazaki M, Nonaka T, Nomura T, Onda T, Yonemasu Y,

Takahashi A, et al. Cerebral aneurysm neck diameter is an
independent predictor of progressive occlusion after stent-assisted
coiling. Acta Neurochir (Wien) 2017;159:1313-9.

Wang J, Vargas J, Spiotta A, Chaudry I, Turner RD, Lena J, et al.
Stent-assisted coiling of cerebral aneurysms: A single-center
clinical and angiographic analysis. J Neurointerv —Surg
2018;10:687-92.

Linzey JR, Griauzde J, Guan Z, Bentley N, Gemmete JJ,
Chaudhary N, et al. Stent-assisted coiling of cerebrovascular
aneurysms: Experience at a large tertiary care center with a focus
on predictors of recurrence. J Neurointerv Surg 2017;9:1081-5.
Lim JW, Lee J, Cho YD. Progressive occlusion of small
saccular aneurysms incompletely occluded after stent-assisted
coil embolization: Analysis of related factors and long-term
outcomes. Clin Neuroradiol 2018;28:569-77.

Cay F, Peker A, Arat A. Stent-assisted coiling of cerebral
aneurysms with the Neuroform Atlas stent. Interv Neuroradiol
2018;24:263-9.

Kiihn AL, Hou SY, Puri AS, Silva CF, Gounis MJ, Wakhloo AK.
Stent-assisted coil embolization of aneurysms with small
parent vessels: Safety and efficacy analysis. J Neurointerv Surg
2016;8:581-5.

Ulfert C, Pham M, Sonnberger M, Amaya F, Trenkler J,
Bendszus M, et al. The Neuroform Atlas stent to assist coil
embolization of intracranial aneurysms: A multicentre experience.
J Neurointerv Surg 2018;10:1192-6.

Lee J, Cho YD, Yoo DH, Kang HS, Cho WS, Kim JE, et al.
Does stent type impact coil embolization outcomes in extended
follow-up of small-sized aneurysms (& amp;lt;10 mm)?
Neuroradiology 2018;60:747-56.

Gentric JC, Biondi A, Piotin M, Mounayer C, Lobotesis K,

8 Asian Journal of Neurosurgery | Volume 15 | Issue 1 | January-March 2020



Goyal, et al.: Comparative outcome analysis of Enterprise and Neuroform stent-assisted coiling of cerebral aneurysms — A review of the literature

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Bonafé A, et al. Balloon remodeling may improve angiographic
results of stent-assisted coiling of unruptured intracranial
aneurysms. Neurosurgery 2015;76:441-5.

Durst CR, Khan P, Gaughen J, Patrie J, Starke RM, Conant P,
et al. Direct comparison of Neuroform and Enterprise stents in
the treatment of wide-necked intracranial aneurysms. Clin Radiol
2014;69:e471-6.

Tsai JP, Hardman J, Moore NZ, Hussain MS, Bain MD,
Rasmussen PA, et al. Early post-humanitarian device exemption
experience with the Neuroform Atlas stent. J Neurointerv Surg
2019;11:1141-4.

Ten Brinck MF, de Vries J, Bartels RH, Grotenhuis JA,
Boogaarts HD. NeuroForm Atlas stent-assisted coiling:
Preliminary results. Neurosurgery 2019;84:179-89.

Goertz L, Dorn F, Siebert E, Herzberg M, Borggrefe J,
Schlamann M, et al. Safety and efficacy of the Neuroform Atlas
for stent-assisted coiling of intracranial aneurysms: A multicenter
experience. J Clin Neurosci 2019;68:86-91.

Quintana EM, Valdes PV, Deza EM, Garcia AG,
Rodriguez MC, Pérez JM, et al. Initial experience and one-year
follow-up with Neuroform Atlas Stent System for the treatment
of brain aneurysms. Interv Neuroradiol 2019;25:521-9.
Jankowitz BT, Hanel R, Jadhav AP, Loy DN, Frei D, Siddiqui AH,
et al. Neuroform Atlas stent system for the treatment of
intracranial aneurysm: Primary results of the Atlas humanitarian
device exemption cohort. J Neurointerv Surg 2019;11:801-6.
Caragliano AA, Papa R, Pitrone A, Limbucci N, Nappini S,
Ruggiero M, et al. The low-profile Neuroform Atlas stent in the
treatment of wide-necked intracranial aneurysms — Immediate and
midterm results: An Italian multicenter registry. J Neuroradiol
2019. pii: S0150-9861(18)30391-2.

Xu D, Zhang C, Wang T, Wang C, Kallmes DF, Lanzino G, et al.
Evaluation of enterprise stent-assisted coiling and telescoping
stent technique as treatment of supraclinoid blister aneurysms of
the internal carotid artery. World Neurosurg 2018;110:¢890-e896.
Feng X, Qian Z, Liu P, Zhang B, Wang L, Guo E, et al.
Comparison of recanalization and in-stent stenosis between the
low-profile visualized intraluminal support stent and enterprise
stent-assisted coiling for 254 Intracranial Aneurysms. World
Neurosurg 2018;109:¢99-104.

Herweh C, Nagel S, Pfaff J, Ulfert C, Wolf M, Bendszus M,
et al. First experiences with the new Enterprise2® Stent. Clin
Neuroradiol 2018;28:201-7.

Ge H, Lv X, Yang X, He H, Jin H, Li Y. Lvis stent versus
enterprise stent for the treatment of unruptured intracranial
aneurysms. World Neurosurg 2016;91:365-70.

Kim SW, Sung SO, Chae KS, Park HS, Lee SH. Clinical
and angiographic outcomes of aneurysms treated with two
self-expanding stent-assisted coiling systems: A comparison of
solitaire AB and enterprise VRD stents. J Cerebrovasc Endovasc
Neurosurg 2015;17:149-56.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Asian Journal of Neurosurgery | Volume 15 | Issue 1 | January-March 2020

Ye HW, Liu YQ, Wang QJ, Zheng T, Cui XB, Gao YY,
et al. Comparison between Solitaire™ AB and enterprise
stent-assisted coiling for intracranial aneurysms. Exp Ther Med
2015;10:145-53.

Heller R, Calnan DR, Lanfranchi M, Madan N, Malek AM.
Incomplete stent apposition in Enterprise stent-mediated coiling
of aneurysms: Persistence over time and risk of delayed ischemic
events. J Neurosurg 2013;118:1014-22.

Krischek O, Miloslavski E, Fischer S, Shrivastava S,
Henkes H. A comparison of functional and physical properties
of self-expanding intracranial stents Neuroform3, Wingspan,
Solitaire, Leo+, Enterprise. Minim Invasive Neurosurg
2011;54:21-8.

Hassler C, von Metzen RP, Ruther P, Stieglitz T. Characterization
of parylene C as an encapsulation material for implanted
neural prostheses. J Biomed Mater Res B Appl Biomater
2010;93:266-74.

Heller RS, Miele WR, Do-Dai DD, Malek AM. Crescent sign
on magnetic resonance angiography revealing incomplete stent
apposition: Correlation with diffusion-weighted changes in
stent-mediated coil embolization of aneurysms. J Neurosurg
2011;115:624-32.

Fargen KM, Hoh BL, Welch BG, Pride GL, Lanzino G,
Boulos AS, et al. Long-term results of enterprise stent-assisted
coiling of cerebral aneurysms. Neurosurgery 2012;71:239-44.
Murthy SB, Shah S, Venkatasubba Rao CP, Bershad EM,
Suarez JI. Treatment of unruptured intracranial aneurysms
with the pipeline embolization device. J Clin Neurosci
2014;21:6-11.

Chiu AH, Nadarajah M, Wenderoth JD. Cost analysis of
intracranial aneurysmal repair by endovascular coiling versus
flow diversion: At what size should we use which method? J
Med Imaging Radiat Oncol 2013;57:423-6.

Colby GP, Lin LM, Paul AR, Huang J, Tamargo RJ, Coon AL.
Cost comparison of endovascular treatment of anterior
circulation aneurysms with the pipeline embolization device and
stent-assisted coiling. Neurosurgery 2012;71:944-48.

el-Chalouhi N, Jabbour PM, Tjoumakaris SI, Starke RM,
Dumont AS, Liu H, et al. Treatment of large and giant
intracranial aneurysms: Cost comparison of flow diversion
and traditional embolization strategies. World Neurosurg
2014;82:696-701.

White PM, Lewis SC, Gholkar A, Sellar RJ, Nahser H,
Cognard C, et al. Hydrogel-coated coils versus bare
platinum coils for the endovascular treatment of intracranial
aneurysms (HELPS): A randomised controlled trial. Lancet
2011;377:1655-62.

White PM, Lewis SC, Nahser H, Sellar RJ, Goddard T,
Gholkar A, et al. HydroCoil Endovascular Aneurysm Occlusion
and Packing Study (HELPS trial): Procedural safety and
operator-assessed efficacy results. AJNR Am J Neuroradiol
2008;29:217-23.



