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ABSTRACT

BACKGROUND AND PURPOSE: Stent-assisted coiling of intracranial aneurysms arising from small vessels (= 2.0 mm) is a common
procedure. However, data regarding its treatment outcomes are scarce. This study evaluated the clinical and radiologic out-
comes of stent-assisted coiling using low-profile stents for aneurysms of small parent arteries.

MATERIALS AND METHODS: From November 2015 to October 2020, sixty-four patients with 66 aneurysms arising from parent
arteries of =2.0 mm were treated with stent-assisted coiling using a Low-Profile Visualized Intraluminal Support Junior (LVIS Jr) or
the Neuroform Atlas stent in a single institution. The clinical and radiologic data were retrospectively reviewed, and the risk factors
for procedure-related complications were evaluated.

RESULTS: The LVIS Jr and Neuroform Atlas stents were used in 22 (33.3%) and 44 (66.7%) cases, respectively. Technical success was
achieved in 66 cases (100%). Immediate postprocedural aneurysm occlusion grades assessed by the Raymond-Roy occlusion classifi-
cation were | (57.6%), Il (19.7%), and Ill (22.7%), respectively. Procedure-related complications occurred in 10 cases (15.2%), with 8
thromboembolic complications (12.1%) and 2 hemorrhagic complications (3.0%). Procedure-related morbidity was 4.5% without mor-
tality. On multivariate analysis, current smoking (odds ratio = 7.1, P = .021) had a statistically significant effect on procedure-related
complications.

CONCLUSIONS: Stent-assisted coiling of intracranial aneurysms with low-profile stents in small vessels (= 2.0 mm) had a 100% suc-
cess rate and a 15.2% overall complication rate with 4.5% morbidity. Current smoking was a significant risk factor associated with

procedure-related complications.

ABBREVIATIONS: PRU = P2Y12 reaction units; RR = Raymond-Roy occlusion classification; SAC = stent-assisted coiling

I n the past decade, development in neuroendovascular devices
and techniques has facilitated the successful treatment of intra-
cranial aneurysms that had been previously considered chal-
lenging or uncoilable lesions.! Above all, stent-assisted coiling
(SAC) is widely accepted as an effective and safe treatment
technique for wide-neck intracranial aneurysms™’ because
it can also reduce recanalization and retreatment rates.*
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However, previously used stent placement in small vessels was
technically challenging due to the difficult navigation of larger
(0.021- or 0.027-inch) delivery microcatheters to these small
arteries.””’

Recently, low-profile stents were introduced to improve the
navigability and success rate of the procedure because they can be
delivered via 0.0165- or 0.017-inch microcatheters to access tor-
tuous and smaller vessels.*'* Although the recommended use
of the low-profile stents is for a parent artery with a diame-
ter of either =2.0 or =2.5 mm, their off-label use for the
treatment of aneurysms arising from smaller parent arteries
has become more common.'"'? However, little is known
about the efficacy and safety of SAC using low-profile stents
in vessels smaller than 2.0 mm.

In the present study, we aimed to investigate the clinical and
radiologic outcomes of SAC using low-profile stents for the treat-
ment of unruptured intracranial aneurysms arising from small

vessels with a diameter of =2.0 mm.
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November 2015 ~ October 2020

209 patients with 211 aneurysms were treated
with stent-assisted coiling

using LVIS Jr or Neuroform Atlas

101 aneurysms arising from
parent artery diameter greater
than 2.0 mm

—
8 ruptured aneurysms
————————| 2 dissecting aneurysms
1 traumatic pseudoaneurysm
—

33 aneurysms without
complete medical records

64 patients with 66 aneurysms were included

FIGURE. Inclusion and exclusion flow diagram.

MATERIALS AND METHODS

Study Design

This study was approved by our institutional review board. The
need to obtain patient informed consent was waived because of
the retrospective study design. The study was performed under
the guidelines outlined by the Declaration of Helsinki and
followed the STROBE checklist (https://www.bmj.com/content/
bmj/suppl/2021/03/10/bm;j.n254.DC1/peld062092.ww.pdf).

Participants

In Korea, the Low-Profile Visualized Intraluminal Support Junior
(LVIS Jr; MicroVention-Terumo) and the Neuroform Atlas
(Stryker) stents are commercially available. Between November
2015 and October 2020, two hundred nine patients with 211
aneurysms were successfully treated by SAC with the LVIS Jr or
Neuroform Atlas stents in a single institution. Data regarding
aneurysms arising from parent arteries of =2 mm were extracted
from a prospectively maintained aneurysm data base. Exclusion
criteria were as follows: 1) patients with ruptured, traumatic, or
vasculopathy-related aneurysms, and 2) patients with incomplete
medical records or radiologic data. Finally, 64 patients with 66
aneurysms were included (Figure). The vessel-diameter measure-
ments were made from postprocessed 3D rotational images.
Patient and aneurysm characteristics, clinical outcomes, and
radiologic follow-up results were obtained from electronic medi-
cal records and a prospectively registered aneurysm database.
These data were retrospectively reviewed.

Endovascular Procedures and Antiplatelet Protocol

Therapeutic decisions were made by a multidisciplinary team of
neurosurgeons and neurointerventionalists via consensus. Before
the procedure, dual antiplatelet therapy with aspirin (100 mg
once daily) plus clopidogrel (75 mg once daily) was administered
to each patient for at least 5 days. Platelet function tests were con-
ducted using the VerifyNow P2Y12 assay (Accumetrics) to mea-
sure the P2Y12 reaction units (PRU). Patients with PRU of >220
were considered clopidogrel hyporesponders'® and were admin-
istered supplementary cilostazol (100mg twice daily). For
patients without any antiplatelet premedication, a loading dose of
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aspirin (300 mg) and clopidogrel (300 mg) was administered 1
day before or on the day of the procedure.

All procedures were performed with the patient under general
anesthesia. The femoral artery was the primary target puncture
site. The LVIS Jr and the Neuroform Atlas were delivered via ei-
ther Headway 17 (MicroVention-Terumo) or Excelsior SL-10
(Stryker) microcatheters and were deployed using a standard pro-
cedure. Y-configuration stent placement was conducted at the
operator’s discretion. Coiling of the aneurysm was performed
using the jailing technique (n = 59, 86.4%) or cell-through tech-
nique (n=7, 13.6%). During the procedure, IV unfractionated
heparin (3000 IU) was injected after the sheath was inserted into
the femoral artery and a bolus of 1000 IU was administered every
hour. When thrombus formation was noted during the proce-
dure, intra-arterial tirofiban (0.3-1.0mg) was injected for
thrombolysis.

After the procedure, the dual antiplatelet therapy was main-
tained for at least 3 months unless contraindicated. Thereafter,
aspirin monotherapy was continued indefinitely.

Clinical and Radiologic Follow-up

Clinical follow-up was routinely conducted at 1 and 3 months af-
ter the procedure. Routine imaging follow-ups were performed
with either MRA or DSA, 1, 2, and 4 years after the procedure.

Outcome Measurements

Procedure-related complications were defined as any throm-
boembolic and hemorrhagic complications that occurred
within 90 days, irrespective of the presence of symptoms.
Thromboembolic complications included intraprocedural
thromboembolism diagnosed when the contrast in a vessel
stagnated, nonvisualization of the distal artery occurred, a
luminal filling defect was noted during the procedure, or cere-
bral infarction or a transient ischemic attack occurred in a ter-
ritory relevant to the procedure. Hemorrhagic complications
were diagnosed when any sign of contrast leakage during the
procedure was noted due to rupture of the aneurysm or vessels
or when any immediate or delayed intracranial hemorrhage
occurred. Clinical outcomes were assessed at the outpatient
clinic using the mRS. Unfavorable outcomes were defined as a
90-day mRS score of =3. Immediate and follow-up radiologic
outcomes were assessed using the Raymond-Roy occlusion
classification (RR), in which class I is defined as complete
occlusion; class II, as a neck remnant; and class III, as a sac
remnant.'* The procedural success rate and in-stent stenosis
(> 50%) were also evaluated.

Statistical Analysis

Statistical analysis was performed using SPSS Statistics 25.0
(IBM). Fisher exact tests or y~ tests were performed for categoric
variables. Mann-Whitney tests or Student ¢ tests were performed
for continuous variables of clinical outcomes of SAC and for the
univariate analysis of the risk factors for procedure-related com-
plications. All variables with clinical importance were introduced
into a multivariate analysis using the binary logistic regression
method. A P value < .05 was considered statistically significant.
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Table 1: Details of endovascular procedures

Variables Values

Platelet function test

PRU (SD) 187.7 (67.))

Clopidogrel hyporesponder (No.) (%) 23 (34.8)°
Stent type (No.) (%)

LVIS Jr 22 (333)

Neuroform Atlas 44 (66.7)
No. of stents (No.) (%)

1 59 (89.4)

2 7 (10.6)°

*Modified with cilostazol (100 mg twice daily).
® Including 6 Y-stent placements.

RESULTS

Patients and Aneurysms

Sixty-four patients (mean age, 60.5years; male/female ratio=
21:43) with 66 unruptured aneurysms (61 incidental and 5
recurred) were treated. The aneurysms were located in the ante-
rior cerebral artery (n=46, 69.7%), MCA (n=15, 22.7%), and
vertebrobasilar artery (n=15, 7.6%). The median aneurysm size
was 4.59 mm (interquartile range, 3.74-6.85 mm). The median
parent artery diameter was 1.78 mm (interquartile range, 1.63—
1.90 mm), and the smallest diameter was 1.15 mm. These charac-
teristics are described in the Online Supplemental Data.

Endovascular Procedures

The total number of procedures was 66 (LVIS Jr, 22; Neuroform
Atlas, 44). Twenty-three (34.8%) clopidogrel hyporesponders were
administered cilostazol. Among the 7 cases in which 2 stents were
deployed, Y-stent placement using identical stents was performed
in 6 patients. These characteristics are described in Table 1.

Immediate Postprocedural, Radiologic, and Clinical
Outcomes

Stent deployment was successful in 66 cases (100.0%).
Immediately after the procedure, the aneurysm occlusion grade
was RR I (n=38, 57.6%), RR II (n=13, 19.7%), and RR III
(n=15, 22.7%). The procedure-related complications occurred
in 9 cases (13.6%) within the first 7 days of the procedure, includ-
ing 7 (10.6%) thromboembolic and 2 (3.0%) hemorrhagic com-
plications. Among 7 thromboembolic complications, 6 cases of
in-stent thrombosis were identified during the procedure and
completely controlled using intra-arterial and IV tirofiban infu-
sion, and none were symptomatic. However, 1 patient with a dis-
tal anterior cerebral artery aneurysm experienced thrombus
formation during the procedure, which could not be sufficiently
controlled, resulting in an acute anterior cerebral artery territory
infarction (mRS 4). Hemorrhagic complications were observed in
2 patients. One patient with an anterior communicating artery
aneurysm was successfully treated without any procedural events,
but subarachnoid hemorrhage was diagnosed 12 hours after the
procedure. It is suspected that the aneurysm was ruptured during
the cell-through procedure, but the contrast leakage was not
noticed during the procedure. The patient was treated with exter-
nal ventricular drainage and discharged with an mRS score of 4.
Another patient experienced an intraprocedural rupture of a dis-
tal anterior cerebral artery aneurysm and was discharged with an
mRS score of 5 (Table 2).

Table 2: Procedure-related complications and 90-day clinical
outcomes

Clinical Outcomes Values
Procedure-related complications (No.) (%) 10 (15.2)
Thromboembolism 8 (120
Hemorrhage 2 (3.0)
Unfavorable outcome (mRS =3) (No.) (%) 3 (4.5)
Procedure-related mortality (No.) (%) 0
®Including 7 asymptomatic cases.
Table 3: Radiologic outcomes
Aneurysm Occlusion Classification Values
Immediate postprocedural (No.) (%)
RRI 38 (57.6)
RR Il 13(19.7)
RRII 15 (22.7)
Follow-up occlusion (median, 12.1mo) (No.) (%)
RR I 51(87.9)
RRII 4(6.9)
RR I 3(5.2)
Recurrence (No.) (%) 2 (3.4%)°
In-stent stenosis (No.) (%) 0 (0%)

“Neither of these patients required retreatment.

Follow-up Radiologic and Clinical Outcomes

Follow-up images were available for 58 aneurysms (90.5%; DSA,
15; MRA, 43; median, 12.1 months). During the follow-up, RR I
was achieved for 51 aneurysms (87.9%), RR II was achieved for 4
aneurysms (6.9%), and RR III was achieved for 3 aneurysms
(5.2%). Recurrence was noted in 2 patients (3.4%), neither of
whom required retreatment. No case of in-stent stenosis (>50%)
occurred among the 15 patients with DSA follow-up (median,
17.1 months) (Table 3). A delayed procedure-related complica-
tion occurred in 1 patient who experienced acute embolic infarc-
tion in the left frontal lobe 2 months after undergoing stent-
assisted coiling of a left MCA bifurcation aneurysm, resulting in
mild dysarthria (mRS 2). Overall, 3 patients had unfavorable out-
comes 90 days postprocedure, resulting in 4.5% morbidity. There
was no procedure-related mortality.

Risk Factors Associated with Procedure-Related
Complications

Current smoking (P =.042) was statistically associated with pro-
cedure-related complications on univariate analysis (Online
Supplemental Data). On multivariate analysis, current smoking
(OR =7.1; 95% CI, 1.35-37.50; P =.021) was the only statistically
significant factor. The aneurysm characteristics, parent artery di-
ameter, stent type, and complete aneurysm occlusion were not
associated with an increased risk of procedure-related complica-
tions (Table 4).

DISCUSSION

In the current study of patients who underwent SAC using low-
profile stents (LVIS Jr and Neuroform Atlas) for unruptured in-
tracranial aneurysms arising from small vessels (= 2.0 mm), the
immediate postprocedural occlusion grades were RR I (n=38,
57. 6%), RR II (n=13, 19.7%), and RR III (n=15, 22.7%) and
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Table 4: Multivariate analysis of risk factors for procedure-
related complications

Variables Odds Ratio  95% Wald CI P Value

Age 1.08 0.99-119 .086
Female sex 5.38 0.61-47.72 131

Current smoking 710 1.35-37.50 021
Diabetes mellitus 3.25 0.15-72.60 457
Cardiovascular disease 2.24 0.15-33.63 .560
Parent artery diameter 18.40 0.126-2694.60 252
RR 1 2.30 0.23-22.94 478

*Statistically significant.

technical success was achieved in all 66 cases. Within 90 days,
procedure-related complications occurred in 10 cases (15.2%)
and unfavorable outcomes were noted in 3 patients (4.5%), with-
out mortality. The aneurysm occlusion grade was RR I or IT in 55
cases (94.8%) at the last follow-up (median, 12.1 months), with a
3.4% recurrence rate.

Stent-assisted coiling is widely accepted for the treatment of
wide-neck, artery-incorporated, and fusiform intracranial aneur-
ysms. However, stent placement in small vessels using earlier stents
with higher profiles remains technically challenging because these
stents should be delivered via a 0.021- or 0.027-inch microcatheter,
which sometimes requires an exchange technique using a 300-cm
exchangeable wire.'> On the other hand, the ability of the low-pro-
file stents to be delivered via a 0.0165- or 0.017-inch microcatheter
offers an advantage when treating aneurysms arising from narrow
and tortuous vessels. In the previous study of Kithn et al,’® 2 93.2%
(41/44) technical success rate was reported in SAC using
Neuroform (Stryker) or Enterprise (Codman & Shurtleff) stents in
small vessels of =2 mm. Our current study showed a higher tech-
nical success rate of 100%. Furthermore, SAC using low-profile
stents for aneurysms at complex and acute-angled vasculature has
also been reported. In a study of anterior communicating artery

aneurysms treated with the LVIS Jr, Santillan et al’

reported a
96.0% (24/25) technical success rate. Similarly, Samaniego et al'®
attempted treating PICA aneurysms with the LVIS Jr and sug-
gested its feasibility in their case series.

Although SAC using low-profile stents seems feasible even in
small vessels, the risk of procedure-related complications remains a
major concern regarding stent placement because deploying stents
in a small, tortuous vessel may be complicated by poor wall apposi-
tion and increased metal coverage, all of which may lead to throm-
boembolism. Several studies have reported treatment outcomes of
SAC using earlier versions (higher profile) of Neuroform or
Enterprise stents in small vessels (Online Supplemental Data).
Kiihn et al'® reported their experience of SAC using Enterprise and
Neuroform stents in parent arteriesof =2.0mm, with 13.6%
thromboembolic and 2.3% hemorrhagic complications. Chung et
al' also investigated 31 cases of SAC using Enterprise stents in par-
ent arteries of <2.0 mm and found thromboembolic complications
without hemorrhagic complications in 9.7% of the cases. Recently,
for the evaluation of low-profile stents in small vessels, Wang et al*®
evaluated 22 aneurysms treated using the LVIS Jr and reported
4.5% hemorrhagic and no thromboembolic complications. Another
study of LVIS Jr by Santillan et al*" also showed 11.4% thromboem-
bolic complications and 2.8% hemorrhagic complications in their
35 case series. However, in these 2 studies, small parent arteries
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were defined as vessels smaller than 2.5 mm.?*?! Furthermore, they
included only a small number of cases (22 and 35, respectively).

To the best of our knowledge, our study is the first and largest
study including 66 aneurysms treated by SAC using low-profile
stents in small vesselsof =2.0mm and showing 12.1% throm-
boembolic and 3.0% hemorrhagic complications (morbidity,
4.5%; mortality, 0). These complication rates were comparable
with those in previous studies of low-profile stents with a larger
sample size.'>**** In a study of 80 cases of SAC using Leo Baby
stents (Balt Extrusion), Aydin et al** reported an overall compli-
cation rate of 8.8% and 3.8% morbidity without mortality.
Similarly, Alghamdi et al'' reported 10% thromboembolic and
2.5% hemorrhagic complications, resulting in 5% morbidity and
0% mortality in 43 SAC cases using the LVIS Jr. A recent multi-
center study of Neuroform Atlas demonstrated a major stroke
rate of 4.4%, with a 2.2% permanent morbidity rate and a 0.5%
mortality rate.”® In a systematic review, Park et al** reported a
periprocedural complication rate of 12.4% and procedure-related
morbidity between 0% and 5.5% with low-profile stents (LVIS Jr
and Leo Baby). Currently, low-profile stents demonstrate proce-
dure-related complication rates comparable with those of higher-
profile stents.

Several studies have investigated the risk factors associated
with procedure-related complications in SAC of intracranial
aneurysms.”>*® Complications related to stent placement have
been more thoroughly evaluated in the cardiology field, in which
smoking is a strong risk factor for in-stent thrombosis after per-
cutaneous coronary intervention,?” because smokers tend to be at
higher thrombogenic risk. In the present study, current smoking
was an independent risk factor for procedure-related complica-
tions during and after SAC in small vessels (= 2.0 mm). This
finding is contradictory to the concept of “smoker’s paradox.”
Reed et al*® demonstrated that smokers exhibit lower PRU than
nonsmokers when treated with clopidogrel. In the present study,
however, smokers showed higher PRU than nonsmokers, without
statistical significance (233.6 versus 181.1, P=.06). Perhaps
smoking does not universally reduce platelet reactivity due to the
cytochrome P450 genotype-dependent effect of smoking on clo-
pidogrel responsiveness.”” Because most of the procedure-related
complications were intraoperative thromboembolism, the me-
chanical stress exerted by the deployment of a stent on the endo-
thelium, which was already affected by noxious stimuli such as
smoking,® might contribute to immediate thrombus formation.
Whether smaller vessels are more vulnerable to these risk factors
remains to be elucidated.

Individual responses to clopidogrel are varied, and hypores-
ponse is commonly reported. Unfortunately, hyporesponse to
clopidogrel increases the risk of thromboembolic events. In the
present study, though statistically not significant, PRU mean
value was higher in the procedure-related complication group
(206.60 versus 184.24, P=.337). Recently, newer antiplatelet
agents such as ticagrelor or prasugrel have been considered alter-
natives for clopidogrel hyporesponders to reduce the risk of peri-
procedural thromboembolic complications.>'** However, in the
present study, cilostazol was added to the clopidogrel hypores-
ponders on the basis of the initial platelet function test because
ticagrelor and prasugrel were not approved by the Ministry of



Food and Drug Safety in Korea for use in neuroendovascular
procedures. We did not repeat the platelet function test after
administrating cilostazol, so it is not clear whether the higher
baseline PRU of the patients with procedure-related complica-
tions increased the risk of thromboembolic complications; how-
ever, analysis of the effects of conventional dual-antiplatelet
agents plus cilostazol and the newer antiplatelet regimen would
provide valuable knowledge for the management of clopidogrel
hyporesponders.

In this study, all patients, identically, received 30001IU of IV
heparin initially and additional 1000 IU of IV heparin every hour
during the procedure. Because the antithrombotic effect of hepa-
rin measured by activated clotting time varies among individuals,
monitoring of the heparin response and patient-tailored dose
selection would have lowered the thromboembolic complication
rate.

Our study has several limitations. First, this was a retrospec-
tive study with a relatively small sample size of unruptured
aneurysms collected from a single institution. Thus, selection
bias cannot be avoided regarding the demographics and percen-
tages observed. Furthermore, the risk-factor analysis is not sup-
ported by high statistical power due to the small sample size.
Nevertheless, to the best of our knowledge, this study was per-
formed with the largest sample gathered from a single center,
and to reduce selection bias, we included 64 consecutive
patients treated with low-profile stents for unruptured cerebral
aneurysms arising from small vessels. Another limitation was
the lack of long-term follow-up. Therefore, further studies are
needed in larger populations treated with SAC using low-profile
stents to assess long-term safety and durability.

CONCLUSIONS

This study demonstrates that off-label use of low-profile stents in
the SAC of unruptured intracranial aneurysms arising from par-
ent arteries of =2.0 mm is feasible and relatively safe, with a good
aneurysm occlusion rate and an acceptable complication rate.
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