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Background: The role of stenting for intracranial arterial stenosis (ICAS) has been

increasingly debated due to negative results of randomized trials. Thus, exploration

of more appropriate devices may hopefully shed light on the endovascular approach,

especially for patients with recalcitrant ICAS related to a high risk of stroke. We sought

to present and analyze the data of Neuroform EZ stenting for medically refractory ICAS

in a single-center series.

Materials and methods: Between November 2016 and January 2018, 45 consecutive

patients treated with the Neuroform EZ stent were included in our retrospective study.

Outcomes evaluation included successful procedure rate, vascular event within 30 days

and recurrent stenosis for at least 6 months after the procedure.

Results: The technical success rate was 100% for all 46 stenotic lesions. Mean pre-stent

stenosis was 86.5 ± 8.7%, improving to 23.7 ± 18.1% after stenting. Combined

procedure related vascular event rate was 2.2% (n = 1) within 30 days after the

procedure. No in-stent restenosis was observed during an average follow-up period of

7.3 months.

Conclusion: The Neuroform EZ stent system could serve as an off-label but promising

optional device for ICAS stenting in a carefully selected subgroup of patients. Further

longer-term clinical follow-up is mandatory to validate our initial results.

Keywords: intracranial arterial stenosis, endovascular treatment, stent, Neuroform EZ, efficacy

INTRODUCTION

Intracranial arterial stenosis (ICAS) attributable to atherosclerosis is one of the most common
causes of stroke worldwide (1). Therapeutic strategies for this high-risk disease include intensive
management of risk factors, combination antiplatelet treatment, and endovascular therapy (1).
As an optional treatment for symptomatic ICAS, elective percutaneous transluminal angioplasty
and stenting (PTAS) had been introduced with the advent of the Gateway balloon/Wingspan
stent system (2, 3). However, subsequent data from the randomized trial (SAMMPRIS) indicated
that aggressive medical management was superior to PTAS with the use of the Wingspan stent
system, because of the poor outcomes and high rates of perioperative complications of PTAS (4).

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2018.00852
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2018.00852&domain=pdf&date_stamp=2018-10-10
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:gv0171@163.com
https://doi.org/10.3389/fneur.2018.00852
https://www.frontiersin.org/articles/10.3389/fneur.2018.00852/full
http://loop.frontiersin.org/people/589447/overview
http://loop.frontiersin.org/people/592544/overview
http://loop.frontiersin.org/people/591479/overview


Du et al. Neuroform EZ Stenting for ICAS

Nevertheless, there are still a considerable number of patients
with ICAS who remain at high risk of stroke in the real-
world despite aggressive medical therapy (5–7). Taking the
complications associated with device selection into careful
consideration, the exploration for more safe and effective
endovascular procedure with the new option of devices for
this subgroup of patients challenges both neurologists and
neurointerventionists (8–10). Recently, the Neuroform stent had
been used for ICAS in several case series (11–13). Thus, for the
relatively small sample size, beyond the scope of the indicated
uses outlined in the device manual, the experience of the
Neuroform EZ stenting for ICAS was still limited. The purpose
of the present study was to respectively evaluate the feasibility
and safety of this alternative procedure, and preliminarily provide
the indications of the Neuroform EZ stent use for medically
refractory ICAS in a single-center series.

PATIENTS AND METHODS

Patients
We retrospectively reviewed our patient database to identify
individuals with ICAS which had been treated using the
Neuroform EZ stent. Clinical and procedural data of included
patients were examined by a stroke neurologist (RM) and
a neurointerventionist (RZ) independently. The following
data were recorded: demographic data, clinical presentation,
lesion characteristics, procedural feasibility, complications and
follow-up angiographic results. Before data extraction, the
inclusion, and exclusion criteria had been defined as follows.
Inclusion criteria: (1) Symptomatic ICAS (70–99% stenosis) with
hypoperfusion of the stenotic arterial territory. (2) Aggressive
medical management (dual antiplatelet medication for at least 3
months) failed to prevent recurrent low-flow TIAs, nondisabling
ischemic stroke, or progressive stenosis. (3) The stenotic arterial
territory had no sufficient collaterals. Exclusion criteria: (1)
Non-atherosclerotic intracranial arterial stenosis, e.g., identified
or suspected vasculitis or vessel dissection. (2) Acute cerebral
infarction within two weeks. (3) Patients with a baseline modified
Rankin score (mRS) of >3 points before the procedure. The
demographic characteristics of patients were obtained from the
hospital records, including age, gender and ethnicity. Lesion
morphology was described as location, Mori classification and
whether there was perforator involvement.

Procedure
Angiography and interventional procedures were performed
in the interventional suite with a biplane angiography system
(Allura Xper FD20/20, Phillips, the Netherlands). Patients were
pretreated with aspirin 100 mg/day and clopidogrel 75 mg/day
for at least 5 days prior to the procedure, until an adequate
response to both aspirin (AA inhibition >70%) and clopidogrel
(ADP inhibition >30%) was detected by thromboelastography
(TEG). Heparin was given as an intravenous bolus dose of
50 U/kg before the procedure, and a continuous flushing
sodium solution (2.5 U/ml) was administered in arterial lines
during the procedure(activated clotting time [ACT] maintained
around 150-250 s). After general anesthesia and femoral artery

cannulation, a 6 F Envoy guiding catheter (Cordis Neurovascular,
USA) was placed into the artery proximal to the target lesion.
Over a 200-cm Synchro-14 guidewire (Stryker Neurovascular,
USA), an Echelon 10 microcatheter (ev3 Neurovascular, USA)
was navigated to the distal part of the stenosis. The Synchro
guidewire was then retrieved, and through the microcatheter,
a 300-cm Transcend exchange wire (Boston Scientific, USA)
was advanced into the artery distal to the stenosis. Pre-stent
angioplasty was performed with the Gateway balloon (Stryker
Neurovascular, USA), balloon sizes were selected to be similar
to at least 80% of the diameter of the vessel either proximally
or distally to the stenosis, balloons were slowly inflated
(1 atm per 10–15 s) up to the nominal pressure. For consecutive
stenting, an XT-27 microcatheter (Stryker Neurovascular, USA)
was advanced bypass the stenosis over the exchange wire,
the Neuroform EZ stent (Stryker Neurovascular, USA) was
advanced through the XT-27 microcatheter and positioned until
the stenosis was centered between the ends of the stent, and
then deployed. After the procedure, intravenous heparin was
maintained for the first 24 h, followed by aspirin 100 mg/day and
clopidogrel 75 mg/day for at least 6 months, then one (with more
optimal platelet inhibition) of the dual antiplatelet agents was
administered daily thereafter.

Follow-Up
Follow-up information on clinical and angiographic outcomes
was reviewed and collected by a trained neurointerventionist
(BL). Clinical follow-up information was obtained from hospital
records, in-person visit or telephone interview at 1, 3, 6, and
12 months, and yearly thereafter. Angiographic follow-up was

TABLE 1 | Baseline characteristics of the patients.

Baseline characteristic Result

Number of patients 45

Age 65 ± 10.8

GENDER

Male 29 (64.4%)

Female 16 (35.6%)

LESION LOCATION

Distal ICA 1 (2.2%)

MCA 24 (52.2%)

Distal VA 5 (10.9%)

BA 16 (34.8%)

LESION MORPHOLOGY

Mori Type A 11 (23.9%)

Mori Type B 28 (60.9%)

Mori Type C 7 (15.2%)

Perforators involvement 27 (58.7%)

No perforators involvement 19 (41.3%)

PREPROCEDURAL PRESENTATIONS

Hypoperfusion without stroke 16 (35.6%)

Hypoperfusion stroke 23 (51.1%)

Hypoperfusion with perforator strokes 25 (55.6%)
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scheduled at ∼6 and 12 months. DSA was routinely used to
access the vascular outcomes unless patients refused invasive
assessment, in which CTA was used.

Outcomes Assessment
The preoperative and postoperative residual stenosis rate was
calculated according to the WASID method (14). The pre- and
postoperative neurological status was assessed using mRS and
Institutes of Health Stroke Scale (NIHSS). The following data
were collected consecutively:

• Technical feasibility: Defined as accurate delivery and
deployment of the stent at the site of the target lesion, and
improvement of the stenosis to less than 30%.

• Early complications: Defined as the 30-day rate of any
procedure-related vascular event (TIA or stroke attributable
to the territory of the target artery). A TIA was defined
as any ischemic event resulting in a transient neurological
deficit but resolved within 24 h. A stroke was defined as any
hemorrhagic or ischemic event resulting in a new neurological
deficit (scaled by the NIHSS and mRS score) lasting−24 h.

• Late complications: Defined as combined procedure-related
permanent neurologic morbidity (scaled by the mRS score)
and mortality rate beyond 30 days after PTAS.

• In-stent restenosis (ISR): Defined as luminal diameter stenosis
over 50% for at least 6 months after the procedure.

RESULTS

Patients
Between November 2016 and January 2018, 45 consecutive
patients underwent Neuroform EZ stenting for symptomatic
ICAS, a total of 46 intracranial atherosclerotic lesions were
included. Intracranial stenting was performed only when (1) dual
antiplatelet medication (aspirin and clopidogrel for at least 3
months) failed to prevent further ischemic events, (2) at least
2 weeks after the new-onset stroke and (3) non-atherosclerotic
etiology were excluded. Our Preliminary indications of the
Neuroform EZ stent use included (1) lesions involved perforator-
bearing segments, (2) lesions in small vessels, (3) lesions with
tortuous access vessel, which rendered potential access failure of
other stents, and (4) lesions at bifurcations, e.g., top of the basilar
artery, distal M1 segments.

Among all the lesions, 2.2% (n = 1) located in the distal
internal carotid artery (ICA) in, 52.2% (n = 24) in the middle
cerebral artery (MCA), 10.9% (n= 5) in the distal vertebral artery
(VA) and 34.8% (n = 16) in the basilar artery (BA); Mori type
A lesions were 23.9% (n = 11), type B were 60.9% (n = 28) and
type C were 15.2% (n= 7); perforator branches involved in 58.7%
(n = 27) of the lesions. The lesion-related presentations prior to
procedure were classified as (1) hypoperfusion without stroke in
35.6% (n = 16), (2) hypoperfusion stroke 51.1% (n = 23), and
(3) hypoperfusion with perforator strokes in 55.6% (n= 25). The
baseline characteristics of the patients are shown in Table 1.

Technical Feasibility and Vascular Outcome
The technical success rate was 100%. After treatment, the degree
of stenosis was reduced to less than 30% (mean 23.7 ± 18.1%).
Catheter angiography or computed tomography angiography
(CTA) follow-up were obtained in 33 patients (73.3%). No
recurrent stenosis was noted in all these patients with a mean
follow-up period of 7.3 month. In total, 12 patients (26.7%)
refused to undergo repeated DSA or CTA examination during the
follow-up period. Of these, the preoperative and postoperative
stenosis rate was (80.7 ± 7.3%) and (20.7 ± 13.7%), respectively.
No deterioration of neurological function was noted in the
clinical follow-up (mean 8.8 month) records of all these patients.
Between different subgroups (Anterior circulation vs. Posterior
circulation, Perforator-bearing vs. Non-perforator-bearing), no
significant different was found in the outcomes. For the primary
outcomes of different lesion types, differences between the
subgroups were not statistically significant. The clinical variables
of the patients in the different subgroups are shown in Table 2.
Examples of Neuroform EZ stenting for ICAS are provided in
Figures 1–3.

Complications
• Early complications: The combined procedure related any

vascular event rate within 30 days was 2.2% (n = 1). The
patient was a 28-year-old male, he presented with recurrent
episodes of right-sided hemianesthesia and aphasia over the
prior year. He had a medical history of hypertension (first
diagnosed 3 years ago), smoking (15 years, 10 cigarettes
per day), alcohol consumption (10 years, 500ml of white
liquor per day) and a right anterior cerebral artery stroke
(3 years previously, with no obvious sequelae, mRS = 0). A
preprocedural angiogram revealed high-grade stenosis of the

TABLE 2 | The clinical variables of the patients.

All lesions Anterior circulation Posterior circulation Perforator-bearing Non-perforator-bearing

No. of lesions 46 25 21 26 20

Preoperative stenosis rate (%) 86.5 ± 8.7 84.1 ± 7.1 89.6 ± 9.6a 82.7 ± 7.5 92.1 ± 7.1b

Postoperative stenosis rate (%) 23.7 ± 18.1 22.1 ± 12.8 24.6 ± 19.4a 20.4 ± 14.5 27.5 ± 15.7b

Average follow-up time (months) 8.6 8.9 8.2 8.5 8.8

Procedure-related complication at 30 days n (%) 1(2.2) 1(4) 0 1(3.8) 0

In-stent restenosis rate 0 0 0 0 0

acompared with the anterior circulation group (p > 0.05), bcompared with the perforator-bearing group (p > 0.05).
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FIGURE 1 | A 65-year-old female with a significant symptomatic stenosis of the right MCA. Preprocedural DSA images demonstrate high-grade stenosis (arrow)

(A) and the tortuous right ICA (arrow) (B). Postprocedural DSA images (C) reveal a residual stenosis of 10% (Insert: radiopaque markers of the stent). Unsubtracted

angiogram (D) and XperCT (E) reveal patent stent with good apposition at the 8-month follow-up.

FIGURE 2 | A 53-year-old male with repeated episodes of posterior circulation transient ischemic attacks. Preprocedural DSA image (A) and VasoCT (B) reveal

near-occlusion of the basilar artery (arrow). Postprocedural DSA images (C) reveal patency of the basilar artery. Postprocedural XperCT (D) demonstrates good wall

apposition of the stent. Follow-up CTA image (E) reveals the patent stent with good apposition 6 months after the procedure.

left M1 segment. The procedure was performed uneventfully
(Gateway 15/9mm for pre-stent angioplasty, Neuroform EZ
3/20mm for stenting), with a 20% residual stenosis of
the artery. When the patient regained consciousness after

general anesthesia, no neurological deficit was detected.
Forty-eight hours after the procedure he began to develop
numbness and weakness in his right leg and arm (4+/5 power,
NIHSS = 2). An urgent CT scan revealed no hemorrhagic
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FIGURE 3 | A 36-year-old male with a significant stenosis in the right MCA. CT perfusion images (A) reveal a prolongation of MTT and TTP before the procedure.

Preprocedural DSA image (B) demonstrates high-grade stenosis close to the MCA bifurcation (arrow). Postprocedural DSA images (C,D) reveal patency of the MCA

without residual stenosis. The 12-month follow-up DSA images (E,F) reveal no ISR in the region of the originally stented lesion.

changes, and intravenous IIb/IIIa inhibitor (tirofiban) was
administered. The patient deteriorated within 6 h after the
symptom onset, MR images reveal new infarctions and
hypoperfusion in the territories of the left MCA. He had
1/5 power in the right upper limb and 2/5 in the right
lower limb with slurred speech (NIHSS = 14) before a
second procedure. During the second procedure, DSA image
demonstrates complete occlusion of the left MCA. After
the intra-arterial administration of IIb/IIIa inhibitor and
solitaire stent (6/20mm) deployment, the occluded MCA was
gradually recanalized (TICI 3). No significant improvement
of neurological functions was achieved after the procedure.
The patient was discharged 50 days later, maintained right-
sided plegia and slurred speech (NIHSS = 10, mRS = 5)
(Figure 4).

• Late complications: No procedure related permanent
neurologic morbidity and mortality rate beyond 30 days was
noted during 8.6 months of mean follow-up.

DISCUSSION

Neuroform EZ: A Promising Optional
Device for ICAS Stenting
As a self-expanding intracranial stent, the Neuroform stent
was initially developed to assist the coiling of wide-necked

intracranial aneurysms (8). Subsequently, the Wingspan stent
was developed for the endovascular treatment of ICAS as a
design variant with an optimized delivery system and radial
force (9). However, the Gateway-Wingspan system failed in
the SAMMPRIS trial for creating too many complications
(4). Yet, despite advances in medical therapy, patients with
recalcitrant ICAS may continue to experience TIAs and strokes,
especially for the Asian population (10). It is these patients for
whom the endovascular therapy was mandatory, even, recent
examination in large trials showed no benefit of this intervention.
Regarding various salient features of ICAS lesions, a lesion-
specific design of procedures with dedicated devices might help
to resolve this issue, instead of the exclusive option for devices
approved by the Food and Drug Administration (FDA). As
an alternative, the Neuroform stent had been used for ICAS
in several case series (11–13). Thus, for the relatively small
sample size (3 trials, 14 patients totally), beyond the scope of
the indicated uses outlined in the device manual, the experience
of the Neuroform EZ stenting for ICAS was still limited.
In the present study, our results revealed that selected ICAS
stenting with Neuroform EZ stent was safe and efficacious.
Moreover, focused analysis of lesions of this series would
help neurointerventionists in selecting the most appropriate
device for ICAS stenting on the basis of individualized decision
making.
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FIGURE 4 | A 28-year-old male with a significant symptomatic stenosis of the left M1 segment. (A,B) Preprocedural DSA image demonstrates high-grade stenosis.

(C) Postprocedural DSA image demonstrates a 20% residual stenosis (NIHSS: 0). Insert: VasoCT showing patent stent lumen with good stent vessel apposition. (D-F)

Two days after stenting, DWI (D) and ASL (E) images reveal new infarctions and hypoperfusion in the territories of the left MCA (NIHSS: 14). DSA image (F)

demonstrates complete occlusion of the left MCA. After the intra-arterial administration of IIb/IIIa inhibitor and solitaire stent deployment, DSA image (G) demonstrates

recanalized flow of MCA (NIHSS: 14). Five days after recanalization, CT images (H,I) reveal hypointense lesions within the territories of the left MCA (NIHSS: 10).

Neuroform EZ for ICAS
Stenting:Relationship Between Device
Physical Properties and Procedural
Outcome
In the prematurely halted SAMMPRIS trial, poor outcomes are
largely attributable to ischemic stroke secondary to perforator
branch occlusion (4, 15). The mechanism of perforator stroke
has mainly been demonstrated by plaque shift after deployment
of a stent with relative higher radial force (16). Although higher
radial force may result in larger lumen for achieving improved
flow, the atheromatous debris of the plague entrapped between
expanding stent struts and the arterial wall might be forced into
perforator ostia (Figure 5), which was termed “snowplowing”
effect andmay pose a major risk of perforator occlusion related to
stenting. Hence, device-related complications should be carefully

taken into consideration in the stents selection for ICAS. In an in
vitro examination, while expanding the vessel diameter at about
85% of the labeled diameter, the Wingspan stent produces nearly
a 0.5-fold increase in chronic radial strength as compared with
Neuroform (17). Theoretically, given the physical properties,
a stent with appropriate radial force might help to solve the
“snowplowing” problem. In the present series, as we expected,
with the utilization of Neuroform EZ stent, our results revealed
that the periprocedural complication rates reduced to 2.2% (1),
especially for a 7.2% drop of perforator event compare with the
SAMMPRIS subgroup [15 [7.2%] of 21 [10.1%] for ischemic
complications] (15). The rationale behind the present results
might be that the Neuroform EZ stent was more flexible than
Wingspan, exert reduced outward radial force. In another post-
SAMMPRIS prospective trial for the individualized treatment of
ICAS, with the exclusion criteria of perforator territory strokes
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before the procedure, positive results were also yielded in a
subgroup with device selection limited to Wingspan (18). Thus,
in our study, patients presented with perforator territory strokes
were not excluded (55.6%), the outcome was even better than
previous studies. This suggested that Neuroform EZ stentingmay
be beneficial in the selected subset of ICASs with a higher risk of
procedure-related perforator infarct.

Another major influence on the outcome of ICAS stenting
trials was the in-stent restenosis (ISR). As a device-related trigger

FIGURE 5 | Schematic diagram of the “snow-plowing” effect. (A) An

intracranial atherosclerotic arterial stenosis with perforator vessels. Inset: the

magnified view of perforator ostia. (B) After stent deployment, forceful

displacement of the plaque causes occlusion of the perforator vessels (arrow).

of ISR, intimal hyperplasia may be stimulated by the outward
radial force of the stent. The Wingspan stent is a self-expandable
stent (SES) with a relatively high radial opening force. In contrast,
the Neuroform EZ stent is a SES with reduced radial force
compared to the Wingspan stent (19, 20). In this study, the
angiographically demonstrated pre-procedural stenosis rate was
86.5 ± 8.7%, imaging follow-up (mean 7.3 months) revealed
no ISR occurred, which was lower than published trials with
stents of higher radial force (21, 22). In another group of
patients treated with a drug-eluting coronary stent (DES), a
substantially lower ISR of 3.8% could be achieved with an
acceptable procedural complication rate of 0.9%. However, 7%
of the procedures failed due to the high rigidity of the stent
system (23). Under the hypothesis that more flexible stents
will be less likely to result in ISR than one with high radial
force, the Enterprise stent or the Solitaire stent also have been
used in several series. Yet, compared to our results, the rate of
ISR in these studies (24.7% for Enterprise, 11.4% for Solitaire)
was not significantly lower (20, 24). Mechanically, appropriate
rigidity should be taken into account when the more flexible
device was adopted in ICAS stenting, so as to exert adequate
radial force to resist the elastic recoil of the target vessel
while promoting the ability to navigate in tortuous vessels.
Certainly, there is no stent that is superior in all clinical and
technical requirements. Therefore, clinical advantages of ICAS
stenting should be based on the focused analysis of location
and morphology of the ICAS lesions as well as device physical
properties.

Neuroform EZ for ICAS
Stenting:Preliminary Lesion-Specific
Recommendations And Modified
Techniques
The features of ICAS lesions is likely diversiform in nature.
Different types of symptomatic intracranial stenosis may
respond differently to interventional strategy. Even for skilled

FIGURE 6 | Technical note of Neuroform EZ stent deployment. (A) Representative DSA image of stent deploying, demonstrating the radiopaque markers of 1: XT-27

microcatheter tip, 2: distal tip of the delivery wire, 3: distal bumper, 4: distal stent markers, 5: stenosis 6: stent proximal markers, 7: proximal bumper. (B) When the

stent was ready to be deployed, holding the stent delivery wire at a sufficient distance (about 8-10 cm) from the RHV. (C) Insufficient distance may cause unnecessary

hand movement and poor stent apposition.
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neurointerventionists, in case of ICAS stenting, positive
outcomes would depend not only on patient selection, but also
the procedural techniques with given specific devices. Based
on our experience with the use of the Neuroform EZ stents
for ICAS, the lesion-specific recommendations and modified
techniques are preliminarily summarized as follows:

Lesion-specific recommendations: (1) lesions with tortuous
access vessel (Figure 1), (2) lesions involving small vessels
(Figure 2), (3) lesions close to or across a bifurcation (Figure 3).

Modified techniques: (1) balloon and stent size selection:
balloon sizes were selected to be similar to at least 80% of
the diameter of the vessel either proximally or distally to the
stenosis; the stent diameter was sized to exceed the diameter of
the proposed artery by 0.5–1.0mm, the stent length was selected
to exceed the length of the lesion by at least 3mm on both
sides; (2) microcatheter position: the tip of XT-27 microcatheter
should be distal enough to the lesion to preserve sufficient length
of landing zone to accommodate the distal tip (19mm) of the
stent delivery wire (Figure 6A); (3) stent deployment: when
the stent was ready to be deployed, holding the stent delivery
wire at a sufficient distance (about 8–10 cm) from the RHV
to avoid unnecessary hand movement during stent deployment
(Figures 6B,C).

LIMITATIONS OF THIS STUDY

First, this retrospective study was more prone to a certain bias
compared with the prospective randomized trial. Second, our
study was conducted at a single institution, and the population-
specific experiences may not be globally generalized. Certainly,

multicenter studies with larger sample size and long-term follow-
up period are needed to confirm the clinical and angiographic
results of this study.

CONCLUSION

The off-label use of Neuroform EZ stent might lower procedural
complications in stenting for many medically refractory ICASs.
Our initial experience provides feasibility and safety data to
guide future alternative procedures with Neuroform EZ in ICAS
stenting. Due to the respective nature of this study, longer-term
follow-up and further randomized trials are still mandatory to
determine the durability and viability of our promising results.
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