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Evaluation of Stent Apposition in the LVIS Blue
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Aneurysms : Correlation with Clinical and Angiographic
Outcomes
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Objective : To evaluate the stent apposition of a low-profile visualized intraluminal support (LVIS) device in distal internal carotid
artery (ICA) aneurysms, examine its correlation with clinical and angiographic outcomes, and determine the predictive factors of
ischemic adverse events (IAEs) related to stent-assisted coiling.

Methods : We retrospectively analyzed a prospectively maintained database of 183 patients between January 2017 and February
2020. The carotid siphon from the cavernous ICA to the ICA terminus was divided into posterior, anterior, and superior bends. The
anterior bends were categorized into angled (V) and non-angled (C, U, and S) types depending on the morphology and measured
angles. Complete stent apposition (CSA) and incomplete stent apposition (ISA) were evaluated using unsubtracted angiography and
flat-panel detector computed tomography. Dual antiplatelet therapy with aspirin 200 mg and clopidogrel 75 mg was administered.
Clopidogrel resistance was defined as fewer responders (>10%, <40%) and non-responders (<10%) based on the percent inhibition
(%INH) of the VerifyNow system. These were counteracted by a dose escalation to 150 mg for fewer responders or substitution
with cilostazol 200 mg for non-responders. IAEs included intraoperative in-stent thrombosis, transient ischemic attack, cerebral
infarction, and delayed in-stent stenosis. A multivariate logistic regression analysis was used to determine the predictive factors for
ISA and IAEs.

Results : There were 33 ISAs (18.0%) and 27 IAEs (14.8%). The anterior bend angle was narrower in ISA (-4.16°£25.18°) than in CSA
(23.52°+£23.13°) (p<0.001). The V- and S-types were independently correlated with the ISA (p<0.001). However, treatment outcomes,
including IAEs (15.3% vs. 12.1%), aneurysmal complete occlusion (91.3% vs. 88.6%), and recanalization (none of them), did not
differ between CSA and ISA (p>0.05). The %INH of 27 IAEs (13.78%=14.78%) was significantly lower than that of 156 non-IAEs
(26.82%=20.23%) (p<0.001). Non-responders to clopidogrel were the only significant predictive factor for IAEs (p=0.001).

Conclusion : The angled and tortuous anatomical peculiarity of the carotid siphon caused ISA of the LVIS device; however, it did
not affect clinical and angiographic outcomes, while the non-responders to clopidogrel affected the IAEs related to stent-assisted
coiling.

Key Words : Carotid siphon - Clopidogrel resistance - Low-profile visualized intraluminal support - Stent apposition - Stent-assisted
coiling.
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INTRODUCTION

The low-profile visualized intraluminal support (LVIS)
(MicroVention, Tustin, CA, USA) device is a 3rd-generation
self-expanding stent developed for stent-assisted coiling (SAC)
of wide-neck aneurysms, with a new modification named LVIS
Blue launched in 2017%”. Tt has a high metal coverage (19-28%)
approximating flow diverters (30-35%), resulting in an im-
proved reduction of inflow rate into the aneurysm>'*”), mak-
ing for excellent aneurysmal occlusion performance®!>2*%.
Four flared radiopaque markers on both ends and two visual-
ized helical strands within the body allow for a real-time assess-
ment of stent deployment. Furthermore, its closed-cell design
allows retrieval and repositioning for up to 3 mm of a stent
within the catheter. Most importantly, the LVIS Blue is de-
signed to have a refined radial force and conformability, which
improves stent apposition within the vessel wall*?2.

However, since the device is fundamentally a wire-braided
stent where the surgeon’s skill can affect stent deployment,
concerns about poor wall apposition in the tortuous vessel,
especially in the carotid siphon, which has been experienced
in the previous LVIS version, may not be easily resolved>”. Al-
though recent reports examined the stent apposition of LVIS
Blue in vitro*'¥, its frequency, cause, and adverse effects re-
main unknown in practical clinical settings. Therefore, we
evaluated the stent apposition of the LVIS device in distal in-
ternal carotid artery (ICA) aneurysms, examined its correla-
tion with clinical and angiographic outcomes, and determined
the predictive factors of ischemic adverse events (IAEs) related
to SAC.

MATERIALS AND METHODS

Study population

After the approval of the Institutional Review Board, a total
of 311 patients with unruptured saccular distal ICA aneu-
rysms who visited our institution between January 2017 and
February 2020 were subjected to endovascular treatment.
Among them, 195 patients, except for those with narrow neck
aneurysms suitable for coiling alone (n=91), wide-neck aneu-
rysms treated with the two-catheter technique or balloon-as-
sisted coiling (n=19), and giant aneurysms with a flow-divert-

ing stent (n=6), were eligible for SAC using the LVIS device
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without the application of any other stent. Patients without a
clinical follow-up of >1 year (n=5) or who could not undergo
the required radiological examination (n=7) were excluded.
Finally, we enrolled 183 consecutive patients treated with LVIS
Blue for 38 months.

We performed a retrospective analysis of a single center us-
ing a prospectively maintained database that contained factors
potentially related to stent apposition. Medical records such as
sex, age, smoking, alcohol, hypertension, diabetes mellitus,
dyslipidemia, previous hemorrhage or infarction, and prior
antiplatelet medication were collected accordingly. All patients
underwent digital subtraction angiography (DSA), and their
aneurysm configurations, such as maximal diameter, dome-
to-neck ratio, and aspect ratio, were evaluated. The location of
the aneurysm was classified as paraclinoid aneurysm, includ-
ing the ophthalmic artery, superior hypophyseal artery, para-
clinoid dorsal wall, and clinoid segment aneurysm, and supra-
clinoid aneurysm, including the posterior communicating

artery and anterior choroidal artery aneurysm.

Classification of carotid siphon

Three major curves in the carotid siphon from the cavern-
ous ICA to the ICA terminus were named the posterior, ante-
rior, and superior bends, defined by intersecting lines through
the proximal vertical segment of the cavernous ICA, horizon-
tal segment of the cavernous ICA, ophthalmic ICA, and com-
municating ICA, respectively. The angle of each bend was
measured at the intersection between two lines traced through
the midpoints of the diameters of each straight segment, and
the angle measurements were performed on the images re-
flecting the plane formed by these two straight lines.

If the lines through the horizontal segment of the cavernous
ICA and the ophthalmic ICA crossed posteriorly to the carotid
siphon due to its tortuosity, the numerical value of the anterior
bend was measured as a negative value. In particular, the ante-
rior bend of the carotid siphon was categorized into angled
(V) and non-angled types (C, U, and S), according to the clas-
sification proposed by Zhang et al.*” The non-angled type was
divided into C (>20°), U (>-20°, <20°), and S (<-20°) accord-
ing to the values of the measured angles (Fig. 1). We also mea-
sured the maximum and minimum ICA diameters in the

range predicted as the stent deployment site.
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Fig. 1. A: The carotid siphon was divided into posterior (red), anterior (green), and superior bends (blue). B-E : The anterior bends were categorized into
angled (V) and non-angled (C, U, and S) types depending on morphology and measured angles. The angle of each bend was measured at the
intersection between two lines traced through the midpoints of the diameters of each straight segment (white dotted lines). B : V-type. C: C-type (=20°).

D : U-type (=-20° <20°). E : S-type (<-20°).

Antiplatelet regimen

Dual antiplatelet therapy (DAPT) was administered as a
first-line treatment for all patients scheduled for SAC. We pre-
scribed aspirin 200 mg and clopidogrel 75 mg daily for 7 days
prior to the procedure. Platelet inhibition tests were performed
using ASA and P2Y12 assays of the VerifyNow System (Accu-
metrics, San Diego, CA, USA) one day prior to the procedure.
Aspirin resistance was defined as non-responders (=550 aspi-
rin reaction unit [ARU]) based on the ARU. Clopidogrel resis-
tance was defined as fewer responders (=10%, <40%) and
non-responders (<10%) based on the percent inhibition
(%INH), calculated as (A-B)/AX100, which indicates the dif-
ference before (A) and after drug therapy (B) using the P2Y12
reaction unit (PRU).

An insufficient response to clopidogrel was counteracted by
dose escalation to 150 mg for fewer responders or substitution
with cilostazol 200 mg for non-responders during 2 weeks of
post-procedure; subsequently, the adjusted dose of clopidogrel
75 mg or cilostazol 100 mg was maintained accordingly. Aspi-
rin was reduced to 100 mg approximately 3 months after SAC,
and DAPT was switched to life-long aspirin single antiplatelet
therapy (SAPT) 1 year later. We maintained the planned regi-

men regardless of the status of stent apposition.

Deployment of LVIS stent

The diameter specifications of the selected LVIS stent were
4.0 mm (ICA <4 mm), 4.5 mm (ICA >4.0 mm and <5.5 mm),
and 5.5 mm (ICA >5.5 mm) based on the measured maximal
ICA diameter. Most procedures were conducted using biaxial
access and the semi-jailing technique. The stent was sub-
merged in a bowel of heparinized saline before being loaded
into the microcatheter. Thereafter, it was partially deployed
up to 50% and gently massaged to assist with full expansion.
The stent was delivered to the desired site for deployment un-
der roadmap guidance and was generally deployed from the
posterior communicating artery in paraclinoid aneurysms
and the ICA terminus in supraclinoid aneurysms. During
stent deployment, when the two radiopaque strands insuffi-
ciently contacted the vessel wall, the push-pull technique was
utilized to retrieve the malpositioned stent and redeploy the
stent, while tension was provided by the push-back of the en-
tire stent system.

If the stent exhibited an incomplete opening at the proximal
flared end after being released from the microcatheter, a mi-
crowire with a J-shaped tip was gently massaged using back-
and-forth motion to fully expand the stent. However, when

the stent body lumen was folded due to a stent kink, stent ad-
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justments, such as microwire massage and balloon angioplas-
ty, were not performed due to the concern surrounding stent
displacement or thromboembolism. Balloon angioplasty us-
ing the Scepter C™ double-lumen balloon catheter (Mi-
croVention) was only applied in cases of an intraoperative

rupture of the aneurysm to stop the bleeding (Fig. 2).

Evaluation of stent apposition

Stent apposition to the vessel wall was evaluated via unsub-
tracted angiography in the anteroposterior, lateral, and work-
ing projections as well as flat-panel detector computed tomog-
raphy (FDCT) with 20% diluted contrast medium using the
XperCT protocol (Philips Health Care, Best, The Nether-
lands). The latter was visualized as high spatial resolution im-

ages through a multiplanar reconstruction in the maximal in-

Fig. 2. A-C: The push-pull technique was utilized when the two radiopaque strands within the stent body insufficiently contacted the vessel wall. A :
Incomplete coverage at the anterior bend of the S-type (-25.5°) was identified during stent deployment (white arrow). B : The malpositioned stent was
retrieved and redeployed while tension was provided by the push-back of the entire stent system. C: A fully expanded stent is shown on unsubtracted
angiography (white arrow). D-F : Balloon angioplasty was only applied in cases of an intraoperative rupture of the aneurysm. D : Contrast leakage
outside the lumen was observed due to the superior hypophyseal artery aneurysm rupture (white arrow). E : Balloon angioplasty was applied at the
position of the aneurysm neck to stop the bleeding. F : There was no more hemorrhage, and the lesion was completely obliterated.
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tensity projection mode with a 10 mm slice thickness.
Therefore, complete stent apposition (CSA) was defined as the
full expansion of the entire stent system. Incomplete stent ap-
position (ISA) was defined as the separation of one or more
stent struts from the stent-containing arterial wall. This was
classified as trunk malposition with a gap between the stent
body and vessel and edge malposition with insufficient wall
anchoring of the flared ends.

FDCT without a contrast medium was also performed to
identify the degree of stent kinking and coil loop protrusion
across the stent strut, which represented the metal compo-
nents of the stent structure and coil mass as 3-dimensional
(3D) reconstructed images. Impaired stent visualization due
to metal artifacts arising from coil materials was minimized
through the metal artifact reduction process of cutting outside
the region of interest and adjusting the histogram (Fig. 3). The
minimum-to-maximum (m/M) ratio of the deployed stent
diameter was measured, except for the flared ends, and the
value was calculated to be approximately 0 as the folding by

stent kinking was more severe.
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Clinical and angiographic outcomes

An TAE was defined as intraoperative in-stent thrombosis
or distal emboli, transient ischemic attack (TIA), cerebral in-
farction, and delayed in-stent stenosis at the follow-up DSA
after 1 year. In-stent stenosis was classified as mild (<33%),
moderate (>33%, <67%), and severe stenosis (=67%). Hem-
orrhagic adverse events (HAESs) included intraoperative or de-
layed rupture of the aneurysm and cerebral hemorrhage. The
modified Rankin Scale (mRS) before treatment and at the last
clinical follow-up was compared, and mortality was defined
as treatment-related death.

Angiographic outcomes were evaluated through immediate
postoperative DSA and follow-up DSA after 1 year. Aneurysm
occlusion was graded using the modified Raymond-Roy oc-
clusion classification (mRRC) (class I, complete obliteration;
class II, persistent opacification of the aneurysm neck; class
IIa, filling of the aneurysm dome within the coil interstices;
and class I1Ib, contrast filling adjacent to the aneurysm body
wall)*” and classified into four categories compared with the

immediate degree of mRRC (complete occlusion, mRRC 1 in

Fig. 3. A : The status of stent apposition was evaluated by unsubtracted angiography, and the stent struts were in relatively good contact with the
arterial wall. B : Trunk malposition was observed in the outer curvature of the anterior bend of the S-type (-45.8°) (white arrow). C : Flat-panel detector
computed tomography (FDCT) with a contrast medium visualized the stent apposition through a multiplanar reconstruction in the maximal intensity
projection mode. D : Trunk malposition was observed in the inner curvature of the anterior bend of the U-type (1.9°) (white arrow). E-G : FDCT without a
contrast medium represented the metal components of the stent structure and coil mass as 3-dimensional reconstructed images and was taken to
identify the degree of stent kinking and coil loop protrusion across the stent strut. H : The stent visualization was relatively well maintained, contrary to
the concerns of metal artifacts arising from coil materials.
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Table 1. Baseline characteristics and treatment outcomes of the LVIS Blue stent-assisted coiling of distal internal carotid artery aneurysms depending
on the status of stent apposition

Stent apposition

Variable Total p-value
CSA ISA

Sex, male 57 (31.1) 47 (313) 10 (30.3) 1.000

Age (years) 58.10+10.39 57.89+10.44 59.06£10.26 0.556

Smoking 20(10.9) 16 (10.7) 4(12.) 0.763

Alcohol 48(26.2) 40(26.7) 8(24.2) 0.946

Hypertension 50 (27.3) 39 (26.0) 11(33.3) 0.522

Diabetes mellitus 23 (12.6) 18 (12.0) 5(15.2) 0.572

Dyslipidemia 44 (24.0) 35(23.3) 9(27.3) 0.799

Previous hemorrhage 5(2.7) 3(2.0) 2(6.1) 0.221

Previous infarction 6(3.3) 6 (4.0) 0(0.0) 0.593

Prior antiplatelet medication 17 9.3) 16 (10.7) 1(3.0) 0317

Aneurysm configuration
Maximal diameter (mm) 5.17+2.04 5184213 5.13+1.60 0.907
Dome-to-neck ratio 1.09+0.29 1.10£0.29 1.05+0.24 0.278
Aspect ratio 0.96+0.32 0.97+0.32 0.89+0.29 0187

Aneurysm location : supraclinoid 34 (174) 30(18.8) 4(11.4) 0.301

Carotid siphon : posterior bend (°) 87.54+31.64 92.21+£28.82 66.32+35.51 <0.001

Carotid siphon : anterior bend (9) 18.53+25.76 23.52+23.13 -416+25.18 <0.001
Ctype (>20°) 68 (37.2) 66 (44.0) 2(6.1) <0.001
U-type (-20° to 20°) 79 (43.2) 68 (45.3) 11 (33.3)

S-type (<-20°) 12 (6.6) 2(1.3) 10 (30.3)
V-type 24 (13.1) 14 (9.3) 10 (30.3)
Carotid siphon : superior bend (°) 107.98+22.10 109.07421.32 103.01£25.13 0.205
ICA diameter (mm)
Maximum 4.68+0.53 4.68+0.51 4.68+0.61 0938
Minimum 3.69+0.47 3.69+0.47 3.69+0.46 0.989
Maximum-minimum 0.99+0.51 0.9940.51 0.98+0.48 0914
Minimum/maximum 0.79£0.10 0.79+£0.10 0.80+0.09 0.883

Aspirin resistance (ARU) 456.06+70.50 455.75+£71.36 457.45+67.49 0.897
Responder (<550 ARU) 151 (82.5) 124 (82.7) 27 (81.8) 1.000
Non-responder (=550 ARU) 32(17.5) 26 (17.3) 6(18.2)

Clopidogrel resistance (%INH) 24.904+20.04 23.83+19.56 29.73+£21.74 0.158
Responder (>40%) 41 (22.4) 31(20.7) 10 (30.3) 0.266
Fewer responder (10% to 40%) 90 (49.2) 73 (48.7) 17 (51.5)

Non-responder (<10%) 52 (28.4) 46 (30.7) 6(18.2)

Specification of stent diameter
4mm 12 (6.6) 10 (6.7) 2(6.0) 0.754
4.5mm 159 (86.9) 131 (873) 28 (84.8)
55mm 12 (6.6) 9(6.0) 3(9.7)

m/M ratio of stent diameter 0.73+0.19 0.81+0.09 0.37+0.12 <0.001

Aspirin 200 to 100 mg (days) 96.63+38.43 96.77+38.65 96.03+37.96 0.920
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Table 1. Continued
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Stent apposition

Variable Total p-value
CSA ISA

DAPT to SAPT (day) 373.52+12.69 373.72+12.55 372.64+13.49 0.674
Ischemic adverse events 27 (14.8) 23 (153) 4(12.0) 0.790
Hemorrhagic adverse events 2(10) 2(1.3) 0(0.0) 1.000
Aneurysm occlusion

Complete occlusion 177 (90.8) 146 (91.3) 31(88.6) 0932

Improvement 11(5.6) 8(5.0) 3(8.6)

Stabilization 7(3.6) 6(3.8) 1(29)

Recanalization 0(0.0) 0(0.0) 0(0.0)

Values are presented as mean-+standard deviation or number (%). LVIS : low-profile visualized intraluminal support, CSA : complete stent apposition,
ISA : incomplete stent apposition, ICA : internal carotid artery, ARU : aspirin reaction unit, %INH : percentage inhibition, m/M : minimum-to-maximum,

DAPT : dual antiplatelet therapy, SAPT : single antiplatelet therapy

the follow-up DSA; improvement, decreased mRRC; stabiliza-
tion, unchanged mRRC; and recanalization, increased con-

trast filling).

Statistical analysis

The angle measurement for each bend in the carotid siphon
was a manual process of converting the 3D structure into a 2D
plane and drawing lines along the central axis of the vessel.
Three independent reviewers (YSK, SMK, and CHK) mea-
sured the angle individually, and the means of the measured
values were recorded. The tasks of identifying the ISA and
grading the aneurysm occlusion via mRRC were also consen-
sually assessed. Inconsistent results were recorded as negatives.

Categorical variables are presented as frequencies and per-
centages and were compared using the chi-squared test or
Fisher's exact test. Continuous variables are presented as the
meantstandard deviation and were compared using an inde-
pendent t test, Mann-Whitney test, or one-way analysis of
variance. Predictive factors of ISA and IAE were determined
by logistic regression analysis, and the variables that met the
cutoff value of p<0.05 for the univariate analysis were includ-
ed in the multivariate analysis. Pearson's correlation analysis
was used to investigate the relationship between the anterior
bend angle and the m/M ratio of the deployed stent diameter.
Statistical significance was set at p<0.05. Statistical analyses
were performed using R version 4.0.4 (R Development Core

Team, Vienna, Austria).

RESULTS

Baseline characteristics

The clinical data of 183 patients with 195 distal ICA aneu-
rysms treated with LVIS SAC depending on the status of stent
apposition are summarized in Table 1. All patients had an
mRS score of 0 before treatment, and 12 patients underwent
SAC for two aneurysms in one LVIS stent. The mean time to
follow-up DSA was 372.52412.69 days, and the mean time to
last follow-up was 565.10+242.72 days. The mean angles of the
posterior, anterior, and superior bends of the carotid siphon
were 87.54°+31.64° 18.53°+25.76°, and 107.98°+£22.10°, respec-
tively, and the anterior bend angle was significantly lower
among the three bends (p<0.001). The anterior bend was di-
vided into 24 angled V-types (13.1%) and 159 non-angled
types (86.9%), with 68 C- (37.2%), 79 U- (43.2%), and 12 S-
types (6.6%), respectively.

ISA

The ISA did not appear in the superior bend, where the dis-
tal flared end was mounted. There were 14 edge malpositions
of the fish-mouth shaped proximal flared end in the posterior
bend; however, 13 cases were completely corrected using mi-
crowire massage. Thus, ISA was found only once in the poste-
rior bend. The 32 trunk malpositions in the anterior bend oc-
curred at a location unrelated to the coil support, which was
the proximal portion of the anterior bend away from the an-
eurysmal neck. They remained ISAs without stent adjustment.

There was no case where the coil support was unstable due to

J Korean Neurosurg Soc 65 (6) : 801-815 807
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Table 2. Clinical data of patients with ischemic adverse events related to the LVIS Blue stent-assisted coiling of distal internal carotid artery aneurysms

1 OA U No 461 0 CSA Intraoperative  Asymptomatic 0 0 /0
in-stent
thrombosis
2 SHA C No 407 7 CSA Intraoperative ~ Asymptomatic 0 0 C/0
in-stent
thrombosis
3 SHA C No 555 10 CSA TIA Visual 2 0 C/0
disturbance
4 SHA C No 392 7 CSA  TIA Visual 9 0 @/0]
disturbance
5 SHA \ Yes 511 6 ISA TIA Visual 16 0 /0
disturbance
6 PDW U No 405 0 CSA  TIA Visual 26 0 C/0
disturbance
7 SHA U No 432 0 CSA  TIA Photophobia 10 0 /0
8 SHA U No 426 23 CSA  TA Photophobia 12 0 /0
9 OA v Yes 392 63 ISA TIA Photophobia 13 0 Stabilization
10 SHA C No 413 4 CSA TIA Hypoesthesia 1 0 /0
11 SHA C Yes 398 45 CSA TIA Hypoesthesia 4 0 C/0
12 OA U Yes 427 20 CSA  TA Hypoesthesia 7 0 C/0
13 PCoA U No 439 5 CSA TIA Hemiparesis 8 0 C/0
14 SHA U Yes 487 0 CSA TIA Hemiparesis 23 0 /0
15 PCoA C Yes 427 9 CSA TIA Sensory aphasia 1 0 /0
16 SHA C No 398 0 CSA MCA territory  Hemiplegia 7 4 Improvement
infarction
17 OA U Yes 519 5 CSA MCAterritory  Hemiplegia 8 4 /0
infarction®
18 SHA S Yes 487 0 ISA MCA territory  Hemiplegia 86 0 C¢/0
infarction
19 PDW v Yes 567 21 ISA MCA territory  Hemiplegia 169 0 /0
infarctiont
20 SHA U No 413 22 CSA  Thalamus Cognitive 4 2 /0
infarction impairment
21 SHA C No 379 23 CSA Delayed in- Asymptomatic 361 0 /0
stent stenosis
22 OA V No 376 15 ISA Delayed in- Asymptomatic 371 0 C/0
stent stenosis
23 OA U No 473 28 CSA Delayed in- Asymptomatic 371 0 /0
stent stenosis
24 OA U Yes 409 20 CSA Delayed in- Asymptomatic 375 0  Improvement
stent stenosis’
25 PCoA C No 401 5 CSA Delayed in- Asymptomatic 383 0 Stabilization
stent stenosis
808 https://doi.org/10.3340/jkns.2022.0021
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s Ischemic
No. Aneury > Carotlc'iSIphon. Dyslipidemia ARU %INH Ster.it' adverse Symptom POD Last Aneur).lsm
location  anterior bend apposition mRS  occlusion
events
26 SHA C No 391 13 Delayed in- Asymptomatic 391 0 C/0
stent stenosis
27 AchA U No 481 21 Delayed in- Asymptomatic 393 0 /0
stent stenosis

*The patient underwent mechanical thrombectomy to treat internal carotid artery occlusion due to the in-stent thrombosis. ‘Antiplatelet medication
was discontinued arbitrarily by the patient. LVIS : low-profile visualized intraluminal support, ARU : aspirin reaction unit, %INH : percentage inhibition,
POD : postoperative day, mRS : modified Rankin Scale, OA : ophthalmic artery, CSA : complete stent apposition, C/O : complete occlusion, SHA : superior
hypophyseal artery, TIA : transient ischemic attack, ISA : incomplete stent apposition, PDW : paraclinoid dorsal wall, PCoA : posterior communicating

artery, MCA : middle cerebral artery, AchA : anterior choroidal artery

the ISA at the position of the aneurysmal neck. Therefore, 33
ISAs (18.0%) were identified. However, no coil loop protrusion
across the stent strut was observed. Furthermore, the results
did not change at the follow-up DSA.

IAEs and HAEs

There were 27 TAEs (14.8%) in our study (Table 2). Intraop-
erative in-stent thrombosis was observed in two cases. Both
patients awoke without neurologic deficits through the ad-
ministration of tirofiban. Thirteen TIAs were observed, in-
cluding seven visual disturbances or photophobias, three hy-
poesthesias, two hemipareses, and one sensory aphasia. Four
middle cerebral artery territories and one thalamus infarction
also occurred. These 18 symptomatic IAEs appeared at a
mean postoperative time of 24.31+43.61 days. Three patients
were left with permanent deficits. Delayed in-stent stenosis at
follow-up DSA occurred in seven cases comprising five mild
and two moderate stenoses, all of which were asymptomatic
and observed without any intervention. Of the 27 TAEs, five
(18.5%) were in a state of ISA.

There were two HAEs associated with intraoperative aneu-
rysm ruptures. Further coil insertion was performed as soon
as contrast extravasation was observed outside the aneurysm
lumen. Fortunately, they were in a good state of stent apposi-
tion, and balloon inflation was conducted at the position of
the aneurysm neck to stop the bleeding. Both recovered well,
with an mRS score of 0 despite subarachnoid hemorrhage.
Delayed aneurysm rupture and cerebral hemorrhage were not
observed in the present study. Overall, good clinical outcomes
with an mRS score of 0—1 were observed in 180 patients

(98.4%), and no patients died during the study period.

Immediate and follow-up degree of mRRC

Immediate angiographic outcomes were as follows : mRRC
class T of 69.7%, class II of 14.9%, class IlIa of 8.7%, and class
IIb of 6.7%, which improved at follow-up DSA to 90.8% for
class 1, 5.1% for class 11, 1.0% for class I1la, and 3.1% for class
IIIb. Progression to complete obliteration occurred in 21.1% of
the patients, and recanalization of the aneurysms was not ob-
served. Delayed stent migration was also not observed on fol-
low-up DSA.

Comparison of CSA and ISA

The CSA and ISA groups were compared to evaluate the
stent apposition of the LVIS device. There were no significant
differences in the baseline characteristics of sex, age, smoking,
alcohol consumption, past medical history, aneurysm config-
uration and location, ICA diameter, resistance to antiplatelet
agents, or specification of stent diameter (p>0.05). The angles
of the posterior and anterior bends of the carotid siphon were
narrower in the ISA (66.32°+35.51°, -4.16°+25.18°) than in the
CSA (92.21°428.82°, 23.52°£23.13°) (p<0.001). The ISA oc-
curred more frequently in the angled (V) (41.7%) than in the
non-angled type (C, U, and S) (14.5%) (p=0.003). The most
frequent ISA in the non-angled type occurred in the S-type
(83.3%), followed by the U-type (13.9%) and C-type (2.9%). In
the ISA group, we did not intentionally delay the aspirin dose
reduction (96.03£37.96 days) or switch from DAPT to SAPT
(372.64+13.49 days) compared to the planned regimen. How-
ever, treatment outcomes, including IAEs (15.3% vs. 12.1%),
HAESs (1.3% vs. 0.0%), aneurysmal complete occlusion (91.3%
vs. 88.6%), and recanalization (none of them), did not differ
significantly between CSA and ISA (p>0.05).
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Table 3. Logistic regression analysis indicating the predictive factors of incomplete stent apposition in the LVIS Blue stent-assisted coiling of distal

internal carotid artery aneurysms

Sex, male
Age
Aneurysm configuration
Maximal diameter (mm)
Dome-to-neck ratio
Aspect ratio
Aneurysm location : supraclinoid
Carotid siphon : posterior bend (°)
Carotid siphon : anterior bend
U-type (-20° to 200)
S-type (<-200)
V-type
Carotid siphon : superior bend (°)
ICA diameter (mm)
Maximum
Minimum
Maximum-minimum
Minimum/maximum
Specification of stent diameter
45mm

55mm

0.95 (0.42-2.16)
1.01 (0.97-1.05)

0.98 (0.80-1.19)
0.36 (0.08-1.65)
31(0.07-1.31)
0.60 (0.20-1.85)
0.97 (0.96-0.99)
Ref. : Gtype
5.34(1.14-25.01)
165.00 (20.83-1307.30)
23.57 (4.65-119.59)
0.99 (0.97-1.00)

097 (0.47-1.99)
01 (0.45-2.26)
0.96 (0.46-2.03)
1.33 (0.03-68.72)
Ref.:4 mm
1.07 (0.22-5.15)
1.67 (0.22-12.35)

0.908
0.556

0.824

0.188

omz2

0.374
<0.001 099 (097-1.02) 0.594

0.034 3.64 (0.58-22.98) 0.169
<0.001 276.36 (13.65-5595.53) <0.001
<0.001 47.70 (6.16-369.13) <0.001

0.156

0930
0.989
0917
0.889
0934
0.617

The OR of continuous variable means the increase in OR for every 1 unit of measurement. LVIS : low-profile visualized intraluminal support, OR : odds
ratio, Cl : confidence interval, Ref. : reference, ICA : internal carotid artery

>

100 —

m/M ratio of stent diameter

®

m/M ratio of stent diameter

40

Anterior bend angle

[
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Fig. 4. Pearson's correlation analysis showed a positive correlation between the anterior bend angle and the minimum-to-maximum ratio of stent
diameter in both (A) angled (correlation coefficient, 0.69; p<0.001) and (B) non-angled types (correlation coefficient, 0.36; p<0.001). CSA : complete stent
apposition, ISA : incomplete stent apposition.
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Table 4. Logistic regression analysis indicating the predictive factors of ischemic adverse events related to the LVIS Blue stent-assisted coiling of distal

internal carotid artery aneurysms

Univariate analysis

Multivariate analysis

Variable
OR (95% ClI) p-value OR (95% Cl) p-value

Sex, male 1.36 (0.58-3.20) 0475
Age 0.98 (0.94-1.02) 0.300
Smoking 1.52 (0.47-4.96) 0486
Alcohol 1.50 (0.62-3.61) 0.366
Hypertension 140 (0.58-3.37) 0449
Diabetes mellitus 0.85(0.23-3.08) 0.805
Dyslipidemia 11 (0.89-5.03) 0.092
Previous hemorrhage 08 (0.65-25.65) 0.134
Previous infarction 6(0.13-10.35) 0.893
Prior antiplatelet medication 1.91 (0.57-6.38) 0.291
Aneurysm configuration

Maximal diameter (mm) 1.07 (0.88-1.30) 0.516

Dome-to-neck ratio 099 (0.24-4.13) 0.988

Aspect ratio 1.22 (0.37-4.10) 0.744
Aneurysm location : supraclinoid 1.09 (0.38-3.12) 0.878
Carotid siphon : posterior bend (°) 00 (0.98-1.01) 0.704
Carotid siphon : anterior bend Ref. : Gtype -

U-type (20 © to 20°) 04 (0.42-2.58) 0.935

S-type (<-20°) 0.53 (0.06-4.54) 0.560

V-type 116 (0.33-4.11) 0.818
Carotid siphon : superior bend (°) 1.00 (0.98-1.01) 0.686
ICA diameter (mm)

Maximum 14 (0.53-2.48) 0733

Minimum 0.66 (0.26-1.64) 0.369

Maximum-minimum 61 (0.73-3.58) 0.240

Minimum/maximum 0.07 (0.00-5.40) 0.233
Aspirin resistance (ARU) Ref. : responder

Non-responder (=550 ARU) 0.34 (0.08-1.50) 0.153
Clopidogrel resistance (%INH) Ref. : responder

Fewer responder (10% to 40%) 2.72 (0.57-12.85) 0.208

Non-responder (<10%) 718 (1.53-33.76) 0.013 51.45 (4.66—567.62) 0.001
Specification of stent diameter Ref.:4 mm

4.5mm 2.05 (0.25-16.61) 0.500

55mm 1.00 (0.06-18.09) 1.000
Incomplete stent apposition 0.76 (0.24-2.37) 0.638

The OR of continuous variable means the increase in OR for every 1 unit of measurement. LVIS : low-profile visualized intraluminal support, OR : odds
ratio, Cl : confidence interval, Ref. : reference, ICA : internal carotid artery, ARU : aspirin reaction unit, %INH : percentage inhibition
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Predictive factors of ISA

Logistic regression analysis was performed to determine the
predictive factors for ISA (Table 3). The univariate analysis re-
vealed a statistical association between ISA and the following
variables : the posterior bend and the U-, S-, and V-type ante-
rior bend in the carotid siphon. The multivariate analysis
showed that the S-type (odds ratio, 276.36; 95% confidence
interval [CI], 13.65—5595.53; p<0.001) and V-type (OR, 47.70;
95% CI, 6.16—369.13; p<0.001) were independently associated
with ISA. However, sex, age, aneurysm configuration and lo-
cation, ICA diameter, and specification of stent diameter were
not associated with ISA.

The m/M ratio of the ICA diameter in the range predicted
as the stent deployment site was 0.7920.10, and the m/M ratio
of the deployed stent diameter was smaller in ISA (0.37£0.12)
than in CSA (0.81£0.09) (p<0.001). Pearson's correlation anal-
ysis showed a positive correlation between the anterior bend
angle and the m/M ratio of stent diameter in both angled
(correlation coefficient, 0.69; p<0.001) and non-angled types
(correlation coefficient, 0.36; p<0.001) (Fig. 4). The angled
type of <22.8° and the non-angled type of <-28° caused ISA

in all cases.

Predictive factors of IAEs

Logistic regression analysis was also performed to deter-
mine the predictive factors for IAEs (Table 4). Non-responders
to clopidogrel (OR, 51.45; 95% CI, 4.66—567.62; p=0.001) had
the only independent association with [AEs related to SAC in
the multivariate analysis. The %INH for clopidogrel in 27 pa-
tients with TAEs (13.78%%14.78%) was significantly lower than
that in 156 patients without IAEs (26.82%%20.23%) (p<0.001).
However, sex, age, smoking, alcohol, past medical history, an-
eurysm configuration and location, bend in the carotid si-
phon, ICA diameter, aspirin resistance, specification of stent

diameter, and ISA were not associated with IAEs.

DISCUSSION

Relationship between ISA and carotid siphon

We measured the angle of each bend in the 3D reconstruc-
tion images obtained from rotational angiography since previ-
ous studies that evaluated the tortuosity of the ICA from an-

giographic images of lateral or working projections did not

812 https:/doi.org/10.3340/jkns.2022.0021

accurately reflect the 3D structure of the carotid siphon®*.
Additionally, as an assessment of the stent comprising nitinol
wires with low radiopacity on the unsubtracted angiography
may not detect the minor ISA of stent struts slightly away
from the vessel wall***?, all patients were subjected to FDCT
with or without a contrast medium, which combines high-
resolution cone-beam computed tomography with a flat-panel
detector of the angiographic system"'”. Therefore, the some-
what higher ISA found for 18% of the population may be due
to the more detailed inspection and detection conducted in
the present study.

LVIS Blue demonstrated superior conformability and flexi-
bility when fully expanding in a tortuous carotid siphon com-
pared to the previous LVIS version®**. Edge malposition did
not occur at the distal end as finger massage was conducted
before being loaded to the microcatheter. It was also resolved
in 92.9% of patients at the proximal end through microwire
massage after stent release. Trunk malposition was not seen in
the posterior bend, despite the significant difference in the
angle between the CSA and ISA groups. This was because the
posterior bend did not have an acute angle similar to that of
the anterior bend. Moreover, the actual stent-subtended angle
was gentler than the posterior bend angle when the stent land-
ing zone did not fully cover the posterior bend due to stent
length*'%. This phenomenon may occur more frequently by
stent foreshortening.

We focused not only on the angle but also on the morphol-
ogy of the anterior bend, which is the most troublesome area
that causes ISA. It was more vulnerable to ISA in the angled
V-type without a round curve that buffers the acute angle of
the anterior bend. In the non-angled type with a round curve,
the occurrence of ISA was statistically significant only when it
reached an S-type <-20° An open-cell design stent may be an
alternative for such difficult anatomical structures. However,
inward prolapse and increased gap at the inner and outer cur-
vatures of the stent strut could also be obstacles therein'>*.
Therefore, a comprehensive understanding of the 3D struc-
ture of the unique carotid siphon and the manufacturing
characteristics of LVIS Blue is the first key to predicting ISA.

Risk and management of ISA
LVIS Blue was durably deployed in all cases during the
study period. No coil loop protrusion occurred due to a small

cell size, 0.8 mm. Delayed stent migration also did not occur.



The angiographic outcomes showed similar or better results
when compared to previous studies of LVIS stents, which re-
ported high complete occlusion rates (81.7—93.0%) and low
recanalization rates (1.1—2.5%)>'>>*39_ This is attributed to the
flow diversion capacity that changes the hemodynamics of the
aneurysm and the progressive endothelialization of the parent
artery in contact with stent struts®?®. However, despite these
excellent results, the tortuous anatomy of the carotid siphon
can make the surgeon hesitant to select the LVIS device, de-
signed as a wire-braided stent, since it is difficult to predict the
status of stent apposition. This problem inspired the current
investigation.

Intraprocedural or postprocedural hazards that ISA may
cause are as follows : 1) unprotected coil protrusion into the
parent vessel by incomplete coverage of the aneurysmal neck;
2) interference with the manipulation of the microcatheter or
microwire through the stent lumen (coil-through or jailing
technique, reaccess of microcatheter for further coil insertion,
or balloon inflation to cease the intraoperative rupture); 3)
negative effect of aneurysm occlusion due to obstacle of flow
diversion and endothelialization®; and 4) ischemic complica-
tions including thromboembolism and in-stent stenosis'**.

The fundamental strategy to prevent or mitigate ISA was
the balanced push-pull technique'”, and the stent adjustment
of microwire massage and balloon angioplasty was minimized
due to concerns about device deformity, displacement, or vas-
cular damage. Zhang et al.*? corrected the incidence of 18.7%
to 2.5% through active intervention for ISA. However, this
caused problems with stent displacement, microwire-induced
vessel piercing, and thrombosis. The ischemic complications
in the group were too high (39.0%). On the other hand, our
clinical outcomes were excellent considering that 27 IAEs
(14.8%) included mostly mild TTAs and asymptomatic in-
stent stenosis. Angiographic outcomes were also not affected
because all cases of trunk malposition occurred at the proxi-
mal portion of the anterior bend of the carotid siphon, away

from the aneurysmal neck.

Clopidogrel resistance in SAC

Clinical outcomes were expected to be protected through
an appropriate antiplatelet regimen rather than an excessive
correction of ISA. Fortunately, there were no differences be-
tween the treatment results of CSA and ISA, and only 1.6% of

the population had permanent deficits. IAEs were caused by
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non-responders to clopidogrel, irrespective of ISA. We re-
placed clopidogrel with cilostazol for this group; however, it
failed to alleviate the incidence of IAEs. Although it is well
known that clopidogrel resistance is a reliable predictor of
IAE-related SAC, the method of evaluating it and the optimal
threshold for the PRU or %INH values have not yet been
clearly determined, and the optimal antiplatelet dose and cop-
ing method for clopidogrel resistance are ongoing issues®'®.
Alternative drugs with another action mechanism, such as ci-
lostazol, prasugrel, and ticagrelor, have been suggested accord-
ingly**'*17. However, these drugs need to further demonstrate
the improvement of clinical outcomes through multicenter,
randomized, and prospective control trials.

Our research was limited by the fact that it is a single-center
retrospective study that cannot completely exclude potential
selection bias. However, we deployed LVIS Blue without the
application of any other stent in all patients who were subject-
ed to SAC during the study period. The %INH classification
set by our institution is also not an objective criterion that has
undergone randomized control trials. In addition, platelet in-
hibition tests were not subsequently rechecked during the fol-
low-up period after SAC. However, it has recently been proven
that %INH is also useful as a tool to predict the thromboem-
bolic risk of coil embolization'. Therefore, our findings are
expected to help support this. Treatment outcomes of ISA in
the long-term follow-up after the transition from DAPT to
life-long SAPT need to be continuously monitored and inves-
tigated. We believe that this study topic would also be interest-
ing when making further investigations into flow-diverting

stents.

CONCLUSION

The angled and tortuous anatomical peculiarity of the ca-
rotid siphon caused ISA of the LVIS device; however, it was
unrelated to clinical and angiographic outcomes, including
IAEs, HAEs, aneurysmal complete occlusion, and recanaliza-
tion. Not responding to clopidogrel, not the ISA, affected IAEs
related to SAC. The SAC in the carotid siphon that cannot
guarantee CSA should be carefully considered for the use of
the stent, design type of device, technical means for deploy-
ment, antiplatelet regimen, possible complications, and long-

term safety and durability. Further studies are required to
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identify the appropriate coping methods for antiplatelet regi-

mens in patients with clopidogrel resistance.
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