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ABSTRACT

BACKGROUND AND PURPOSE: The Neuroform Atlas is a new microstent to assist coil embolization of intracranial aneurysms that
recently gained FDA approval. We present a postmarket multicenter analysis of the Neuroform Atlas stent.

MATERIALS AND METHODS: On the basis of retrospective chart review from 11 academic centers, we analyzed patients treated
with the Neuroform Atlas after FDA exemption from January 2018 to June 2019. Clinical and radiologic parameters included patient
demographics, aneurysm characteristics, stent parameters, complications, and outcomes at discharge and last follow-up.

RESULTS: Overall, 128 aneurysms in 128 patients (median age, 62 years) were treated with 138 stents. Risk factors included smoking
(59.4%), multiple aneurysms (27.3%), and family history of aneurysms (16.4%). Most patients were treated electively (93.7%), and 8
(6.3%) underwent treatment within 2 weeks of subarachnoid hemorrhage. Previous aneurysm treatment failure was present in 21%
of cases. Wide-neck aneurysms (80.5%), small aneurysm size (<7 mm, 76.6%), and bifurcation aneurysm location (basilar apex,
28.9%; anterior communicating artery, 27.3%; and middle cerebral artery bifurcation, 12.5%) were common. A single stent was used
in 92.2% of cases, and a single catheter for both stent placement and coiling was used in 59.4% of cases. Technical complications
during stent deployment occurred in 4.7% of cases; symptomatic thromboembolic stroke, in 2.3%; and symptomatic hemorrhage, in
0.8%. Favorable Raymond grades (Raymond-Roy occlusion classification) | and Il were achieved in 82.9% at discharge and 89.5% at
last follow-up. mRS =2 was determined in 96.9% of patients at last follow-up. The immediate Raymond-Roy occlusion classification
grade correlated with aneurysm location (P <.0001) and rupture status during treatment (P =.03).

CONCLUSIONS: This multicenter analysis provides a real-world safety and efficacy profile for the treatment of intracranial aneur-

ysms with the Neuroform Atlas stent.

ABBREVIATIONS: AcomA = anterior communicating artery; RROC = Raymond-Roy occlusion classification

he recently FDA-approved Neuroform Atlas (Stryker) stent is
a new microstent to assist coil embolization of intracranial
aneurysms. Gaining CE marking in Europe in May 2015, this
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Meant to treat wide-neck aneurysms and aneurysms located at
vessel bifurcations in the anterior circulation, the Atlas stent aims to
further improve aneurysm coiling through its application in small-
diameter parent vessels. The exact approved FDA indications
include the use of the Neuroform Atlas stent with neurovascular
embolization coils in the anterior circulation of the neurovascula-
ture for the endovascular treatment of patients 18 years of age or
older with saccular wide-neck (neck width =4 mm or a dome-to-
neck ratio of <2) intracranial aneurysms arising from a parent ves-
sel with diameters of =2.0 and =4.5 mm. Therefore, posterior cir-
culation aneurysms are “off-label.” The Atlas stent can be delivered
through a standard coiling (0.017-inch) catheter, thus making the
procedure simpler and possibly safer than earlier-generation stents.
The same microcatheter can deploy the Atlas stent in the parent
vessel and then be navigated through the stent struts into the aneu-
rysm for coiling (re-probing or re-crossing). Another option is to
leave 1 microcatheter in the aneurysm for eventual coiling and
deploy the stent with a second microcatheter (jailing technique).
This technique is usually not needed with the Atlas device but may
be required on the basis of aneurysm and parent vessel anatomy. It
can also be used as a rescue stent procedure by deploying a stent af-
ter coiling is initiated and the coils are extruded.

Previous studies have demonstrated that stent-assisted coiling
with this device is feasible and safe for the patient in a clinical trial
setting,' ™ but a postmarket analysis from daily clinical practice is
not available in the literature. The aim of this study was to ana-
lyze the efficacy and safety of the device in the postmarket ap-
proval period in the United States.

MATERIALS AND METHODS

Study Design, Participating Centers, and Inclusion Criteria
This multicenter retrospective cohort study included all consecutive
patients of the participating centers with intracranial aneurysms
treated with the Neuroform Atlas stent after the FDA
Humanitarian Device Exemption approval from January 2018 until
June 2019. The following US academic neurosurgical centers par-
ticipated in this study: Baylor College of Medicine Medical Center
(n=10), New York University Langone Medical Center (n=13),
Geisinger Medical Center (n=7), Beth Israel Medical Center
(n=20), University of Southern Florida (n=11), University of
Texas San Antonio (1= 12), University of California, San Francisco
(n=38), University of Pittsburgh Medical Center (n=15),
University of Washington Seattle (n = 4), Rush University Chicago
(n=3), and Barrow Neurological Institute (n = 25).

Aneurysms were included in this study if they had wide-neck
characteristics or because the operator thought that it was appropri-
ate to use the Atlas stent. Posterior circulation aneurysms were
included in this study as well, though they were treated as off-label.

The study was approved by the local institutional review
board at each participating center for retrospective data collection
and review after approval at Baylor College of Medicine, serving
as the primary site for de-identified data analysis. The following
information was then collected at each center and sent to Baylor
College of Medicine without patient identification for analysis:
patient demographics, aneurysm and parent vessel characteris-
tics, antiplatelet regimen and platelet function test results if
obtained, and procedural details on the Atlas stent. Data on
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complications as well as patient outcomes were collected on the
basis of angiographic data for radiologic outcome, mRS score,
symptoms details, and NIHSS for clinical outcome immediately
after the procedure and at last follow-up as available.

Neuroform Atlas Stent and Procedure Details
The self-expanding nitinol Neuroform Atlas stent is characterized
by its mixed open-cell and closed-cell design, and cell size has
been reduced compared with the previous generation of the
Neuroform stents. The stent is available in diameters between 3
and 4.5 mm with lengths of 15, 21, 24, and 30 mm; has 3 radio-
paque markers; and can be deployed through a 0.017-inch micro-
catheter such as an Excelsior SL-10 (Stryker).1

The procedure itself, including dose and type of antiplatelet
management, was under the discretion of the participating neu-
rointerventionalist with the choice of a jailed or re-probed tech-
nique. The choice of coils was left to the discretion of the treating
neurointerventionalist. Antiplatelet management was also left to
the discretion of the treating neurointerventionalist and mainly
consisted of dual-antiplatelet medication with aspirin and clopi-
dogrel or ticagrelor at least 5 days before and up to 3 months after
the procedure with continuation of aspirin monotherapy after
3 months.

Radiographic and Clinical Outcome
Radiographic outcome was measured using DSA or MRA
according to institution-specific follow-up protocol. The degree
of aneurysm treatment success was assessed according to the re-
vised Raymond-Roy occlusion classification (RROC) immedi-
ately after the procedure and at last follow-up by each center.’
Clinical outcome was measured with the mRS before and imme-
diately after the procedure and at last follow-up by each center.
In patients with SAH, the Hunt and Hess grade and Fisher scales
were used to grade the severity of the SAH.

Clinical and radiologic complications were defined as any
deviation from expectation during or after the procedure.

Literature Review and Statistical Analysis

All available clinical case series that used Atlas stent-assisted coil-
ing were searched on PubMed, and the data provided were com-
pared with our results. Data were presented as a median with
interquartile range for continuous variables and proportions for
categoric variables. The Pearson y test and ANOVA were used
to assess differences between groups for categoric and continuous
variables, respectively. Significance was assessed at P <.05. All
analyses were performed using the Statistical Package for the
Social Sciences, Version 24 (IBM).

RESULTS

Patient Characteristics

Overall, 128 patients were treated with Atlas stent-assisted coiling
for 128 aneurysms in 11 academic neurovascular centers (On-line
Table 1). Female sex was more common in this cohort (71.1%,
n=091), with an overall median age of 62 years (range, 16-84
years). Multiple aneurysms were present in 27.3% (n=35) of the
cases, with a family history for aneurysms found in 16.4% (n = 21).
Smoking as a risk factor was present in 76 patients, including active



smokers (1=69, 53.9%) and former smokers (n =7, 5.5%). Most
of the treated aneurysms presented as unruptured (86.7%, n = 111),
but 9 patients (7%) had an SAH >2 weeks, and 8 patients (6.3%),
<2 weeks before treatment.

Aneurysm Characteristics

Most treated aneurysms were <7 mm (n = 98, 76.6%), with a me-
dian neck size of 3.9 mm (range, 2-14 mm) and a median dome-to-
neck ratio of 1.6 (0.6-5) (On-line Table 1). Wide-neck aneurysms
were present in 80.5% (n=103) and 49.2% (n=63) based on a
dome-to-neck ratio of <2 and an aneurysm neck size of >4 mm,
respectively. The most common aneurysm locations were the apex
of the basilar artery (n =37, 28.9%), followed by the anterior com-
municating artery (AcomA) (n = 35, 27.3%) and the MCA (n =19,
14.8%) (On-line Table 1). In 76.6% of cases (n = 98), the decision
for Atlas stent-assisted coiling was made by the treating neurointer-
ventionalist due to a large aneurysm neck. In 21% (n=27) of the
cases, the decision was made on the basis of a failed previous treat-
ment, including both open microsurgical clipping (n = 4) and endo-
vascular coiling (n = 23).

Procedure Details

In most the cases, only 1 Atlas stent was used to treat the aneu-
rysm (92.2%, n = 118). A single catheter for stent deployment fol-
lowed by re-probing the stent for coiling was used in 59.4%
(n=176) of cases (On-line Table 1). The most common stent size
used in this cohort was 3mm, including 3 x 2Imm (25%,
n=32), 3 x 24 (25.9%, n=33), and 3 x 15mm (18%, n=23).
Most patients were tested for platelet function before the proce-
dure (P2Y12 testing in 67.2%, n=386), and the most common
combination of periprocedural antiplatelet drug regimen was as-
pirin, 325 mg, plus clopidogrel, 75 mg, daily 5-7 days before the
procedure (83.6%, n=107) (On-line Table 1). A small subset of
patients had a vessel diameter of <1.5mm (23 of 128 patients,
18%), and stent-assisted coiling was still feasible in this subset of
patients.

Complications

Technical complications occurred in 6 cases (4.7%), including
stent-deployment failure (n = 3), failure of re-probing to coil the
aneurysm after stent deployment requiring placement of a flow
diverter over the Atlas stent (n = 1), stent migration after deploy-
ment (n=1), and coil protrusion through stent struts (n=1).
Thromboembolic complications were observed in 6 cases (4.7%)
during the procedure and were treated with intra-arterial throm-
bolysis. Three of the 6 cases were asymptomatic after the proce-
dure (n=3/128, 2.3%). All 6 patients were on aspirin, 325 mg,
and clopidogrel, 75mg, daily before the procedure, and the
P2Y12 showed clopidogrel response in all patients. All patients
received an intra-arterial glycoprotein IIb/IIla inhibitor in addi-
tion to heparin during thrombosis. One patient also received
intra-arterial tPA. Hemorrhagic complications occurred in 2
patients (1.6%), including one during the procedure and the sec-
ond during postoperative follow-up. The intraoperative hemor-
rhagic complication occurred during coiling of the aneurysm
after stent placement was already performed, and aneurysm rup-
ture was controlled by deploying additional coils. The second

hemorrhagic complication occurred during follow-up, and aneu-
rysm re-rupture (SAH) occurred in this patient at day 30 after
treatment of a ruptured pericallosal artery aneurysm. Additional
coiling was performed by re-probing the aneurysm through the
stent without additional complications. The complication rate
was not higher in the subset of patients with small parent vessel
diameters (<1.5mm). Only 1 of 23 patients (4.3%) had a compli-
cation (stent migration) in this subset.

Outcome

Immediate radiologic outcome (n=123) showed RROC grades I
and II in 43.9% and 39.0% of the cases, which improved at last fol-
low-up (median, 3.6months; n=38) to 76.3% for grade I and
13.2% for grade II, respectively (On-line Table 1). Clinical outcome
at last follow-up was favorable with an mRS of 0-2 in 96.9% of the
patients (n = 124) compared with the clinical status before the pro-
cedure (n=123, 96.1%). The immediate RROC grade correlated
with aneurysm location (P <.0001) and rupture status during treat-
ment (P=.03) (Figure) but not with aneurysm size (P=.25) or
wide-neck aneurysm status (dome-to-neck ratio of <2, P=.12;
aneurysm neck size of >4 mm, P=.70).

DISCUSSION

This multicenter postmarket analysis on the clinical use of the
Atlas stent for stent-assisted coiling includes a post-FDA-ap-
proval experience with this novel device in the United States. On
the basis of the early experience across academic neurovascular
centers in the United States, we were able to show, in 128,
patients, that the device was safe and efficient as a new aneurysm
treatment tool. This provides an alternative to other stents for
stent-assisted coiling such as the LEO Baby (Balt Extrusion) and
LVIS Jr (MicroVention).>*’

Recently, several other groups reported their experiences with
the Atlas stent; however, our study is the largest to date with 128
in patients and aneurysms (111 unruptured and 17 ruptured).
Our study population has an age distribution, female-to-male ra-
tio, RROC I and II occlusion rate, and average number of stents
per aneurysm similar to those of most other studies (On-line
Table 2 and Table). The mRS at last follow-up and retreatment
rate were favorable in all studies using the Atlas stent for stent-
assisted coiling. All studies as well as ours showed low rates of
hemorrhagic complications and permanent neurologic deficits
and a mortality rate of <<5%. Besides the study by ten Brinck et
al,' all studies had low rates of deployment failure and throm-
boembolic complications and procedure-related clinical compli-
cations below 7%.%%™"?

The advantage of the Atlas stent is its reach in parent vessels
with smaller diameters; therefore, this stent widens the endovas-
cular treatment indication to aneurysms previously not consid-
ered candidates for stent-assisted coiling. Our results of parent
vessel size measurements, stent diameter, and number of stents
per aneurysm are used to confirm this: The average proximal and
distal vessel sizes during stent deployment were 2.75 and 2 mm,
with a range of 1.1-4.7 and 0.7-4.2mm, respectively, and in
68.9% of cases, the smallest available stent (3mm) was used.
Furthermore, in most cases (92.2%), only 1 stent was needed to
achieve a favorable stent-assisted coiling result. More than 75% of
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Comparison of clinical complications with previous studies

Deployment  Hemorrhagic = Thromboembolic ~ Procedure-Related Permanent
Failure Complications ~ Complications  Clinical Complications Neurologic Deficit Mortality

Study (%) () (%) (%) (%) (%)
Caragliano et al® (2019) 0 2.65 3.5 6.2 - 2.65
Tsai et al”? (2019) 0 17 52 6.9 0 0
Cay et al® (2018) 0 0 0 0 0 0
Gross et al® (2019) 3 0 3 3 1 0
Ulfert et al® (2018) 0 0 27 27 0 0
Quintana et al" (2019) 33 33 33 33 0 o
Jankowitz et al'® (2019) 0 33 33 6.6 0 0
ten Brinck et al' (2019) n1 0 148 185 3 0
Current study 23 1.6 4.7 3.1 — 0.8

Note:— — indicates not reported.

our treated aneurysms were <<7 mm, again confirming the ability
of the Atlas stent to treat smaller aneurysms in smaller parent
vessels. As with other available stents for stent-assisted coiling,
aneurysms treated with this technique are usually wide-neck. We
found that 80.5% of patients had a wide-neck aneurysm based on
a dome-to-neck ratio of <2, with a median dome-to-neck ratio
of 1.6. Neck size >4 mm, another classic wide-neck aneurysm
definition, was present in only 49.2% of the cases. This is not
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surprising because most of the aneurysms were small to begin
with. Therefore, the dome-to-neck ratio is a more reliable metric
to capture wide-neck aneurysms in the specific patient popula-
tion with distal small wide-neck aneurysms. A subset of patients
with a small parent vessel diameter (<1.5mm) underwent stent-
assisted coiling, and we were able to show that this is feasible,
with comparable results and complication rates compared with a
larger (>1.5 mm) parent vessel size.



Although we had only a short-term follow-up in our patient
cohort, our complete aneurysm occlusion rate at last follow-up of
76.3% (RROC]) is getting close to that of surgical clipping results
in classic aneurysm bifurcation locations in historical studies with
comparable complication rates and outcomes.'*'*> Additionally, if
we counted small-neck residual occlusion results (RROC 1II) as
favorable increases, the favorable occlusion rate would be 89.5%
(RROC I and II) at last follow-up. It will be interesting to see how
the RROC grade will change with time in patients with longer fol-
low-up and whether the results of RROC grade I can then be com-
parable with microsurgical clipping results in the future. It was
also an interesting finding that aneurysm location and ruptured
aneurysm status correlated with immediate RROC grade results
(Fig 1). This correlation underlines the indication of this device
leading to the best angiographic results in patients with unrup-
tured aneurysms in bifurcational locations.

The low-profile Acclino stent (Acandis; https://www.acandis.
com/acclino-flex-stent-67-en) has also been reported to show
results similar to those of our Atlas stent-assisted coiling study.'®
However, this device is not FDA-approved, and its use in the
United States is limited. The recently published study on 131 pro-
cedures with this device showed results and complication rates
comparable with those in our study."”

Another advantage of the small size of the Atlas stent is that
it can be deployed by the same coiling catheter, thus simplify-
ing the coiling procedure. Because this is a new device, we still
observed a high rate of using 2 separate microcatheters, one
for deploying the stent and one jailed in the aneurysm to coil
after stent deployment (40.6%). In 59.4% of the cases, the same
microcatheter was used, and after stent deployment, the struts
of the stent were crossed into the aneurysm for coiling. This
re-probing was successful in all except of 1 case. Clearly, the
advantage of jailing a second catheter is to secure the catheter
position within the aneurysm, especially in challenging aneu-
rysm neck directions off the parent vessel. On the other hand,
re-probing the stent enables the coiling catheter to be free
within the aneurysm and paint the only coil as with stand-
alone coiling, along with the advantage of securing the coils
within the aneurysm sac. It will be interesting to see whether
the proportion of re-probing increases with time as more expe-
rience is gained with the Atlas stent.

All patients received antiplatelet medications before stent
deployment, with aspirin, 325 mg, plus clopidogrel, 75mg, daily
being the most common regimen. All patients also underwent
P2Y12 testing. Although unruptured aneurysms were mainly
selected for the procedure, 6.3% of the patients were treated with
Atlas stent coiling within 2 weeks of aneurysm rupture. Some of
these aneurysms were coiled alone with only coil migration, and
the Atlas stent was used as a salvage technique to reposition the
coils and keep the parent vessel open. In 13.6% of patients, coils
were first deployed before the stent, thus showing the ability of the
Atlas stent to be used in coil migration as well as in acutely ruptured
aneurysms.

There are several limitations to this study. Besides the retro-
spective data collection and analysis, we had only short clinical
and radiologic follow-up data. Furthermore, complications and
anatomic results were not independently evaluated.

CONCLUSIONS

This multicenter analysis provides a real-world safety and efficacy
profile for the treatment of intracranial aneurysms with the
Neuroform Atlas stent, and our excellent radiologic and clinical
results are promising for future studies.
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