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Abstract

Background: Pipeline embolization device (PED] is becoming increasingly common in
therapeutic practice. In idealized model studies, treatment effectiveness may vary with
different stent sizes in the same vasculature. The true effect of stent size selection in the
clinical setting remains unknown, however.

Correspondence to:

Objective: To determine the true effect of stent size selection in the clinical setting. ‘D‘Lh”a"’rt';‘;nt o
Design: It is a retrospective review. Newro- intervention,

Beijing Neurosurgical

Methods: A retrospective review was conducted on consecutive patients with aneurysms Inctitute and Beijing

treated with a PED at our institution. The primary exposures were the difference between the Lia_ntan_Hosgitﬁl. Cacpri?al
. . niversity, 1jing, ina.

diameter of the stent and the parent artery (DD) and the difference between the length of the £rot BEng. g

Neurointerventional

stent and the aneurysm neck (DL). The outcomes were the clinical and angiographic results, Center, Beijing
H . H H . . H . Neurosurgical Institute
perioperative complications, balloon application, and in-stent stenosis. The results were and Beijing Tiantan

generated using univariable and multivariable logistic regression and restricted cubic spline Hospital, Capital
University, Beijing 100070,

(RCS]) curves. China
Results: A larger DD was significantly associated with incomplete occlusion [odds ratio ::_"E'Fh“ad°°‘°”a1‘3'°°m
(OR)=2.37; 95% confidence interval (Cl)=1.43-3.98; p <0.001], while a larger DL was Neurosurgery

significantly associated with balloon application (OR=1.12; 95% Cl=1.02-1.23; p=0.021) and Center, Department

of Cerebrovascular
in-stent stenosis (>25%) (OR=1.07; 95% Cl=1.01-1.16; p=0.042). The RCS curve indicated that surgery, Engineering

Technology Research

the risk of incomplete occlusion increased as the DD became larger, the possibility of balloon . ier of Education
application increased as the DL increased when the DL was >5.7mm, and the risk of in-stent ~ Ministry of China on

. o/ : . Diagnosis and Treatment
stenosis (>25%) increased as the DL increased. of Cerebrovascular
Conclusion: In the clinical setting, stent selection was associated with treatment effectiveness 3f§;f:l eng
and may add to the treatment burden. These occurrences should be considered for aneurysms  University, Guangzhou

. 510280, China.
treated with PED. -
Guangdong Provincial
Key Laboratory on Brain
Function Repair and

Keywords: balloon, complication, in-stent stenosis, occlusion, stent size Regeneration, Guangzhou,
China
13681134001@163.com

Received: 01 October 2022; revised manuscript accepted: 29 December 2022. Xin Tong
Zhongxue Wu
Neurointerventional

Introduction irregular shapes, with different diameters in each Center, Beijing

. . . Neurosurgical Institute

Endovascular treatment options for intracranial segment of the cerebral vasculature. and Beijing Tiantan

aneurysms are constantly evolving and expand- Hospital, Capital

. . . . . . .. . . University, Beijing, China
ing, particularly as flow diversion is used in clini- The braided structure of PED promotes high Mingyang Hanj o

cal settings.! Flow diversion devices, such as plasticity; its advantage is its high adaptability to pepartment of
pipeline embolization devices (PEDs; Covidien, various intracranial vessels, which also leads to ’T\‘r‘:‘:g";‘;;%ey;VH TOZ‘; ol
Irvine, CA, USA), have resulted in a considerable the selection of a stent model for the same aneu-  central South University,
shift in the management of unruptured aneu- rysm that fluctuates within a specific range, Changsha China
rysms.2 Choosing an appropriate PED stent, thereby introducing the problem of under- or XinTongandMingyang

. 7. K Han contributed equally to
however, may be difficult because of tortuous and  over-sizing. Several studies have reported that the this work.

journals.sagepub.com/home/tan 1

@ @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
@ (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
BY NC

provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://journals.sagepub.com/home/tan
https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
mailto:liuaihuadoctor@163.com
mailto:13681134001@163.com

THERAPEUTIC ADVANCES in
Neurological Disorders

Volume 16

Ip2
|
1

D = (D1+D2)/2

Figure 1. Definition of parent artery diameter.

D, diameter; N, neck.

size of flow diversion is strongly associated with
metal coverage (amount of metal surface area
covered by the device), pore density (number of
pores per unit surface area), and hydrodynamic
resistance,>% both of which play an important
role in the occlusion of aneurysms.” Previous
research has shown that an inappropriate flow
diversion model may cause accidental coverage of
lateral branches, eccentric stenosis, poor wall
apposition, or delayed migration, all of which
could further lead to branches occlusion, endo-
leak formation, disordered growth of the neoin-
tima, in-stent stenosis, or even death.%813 Thus,
the size of the PED is critical to promote safe and
complete aneurysm occlusion. Most current stud-
ies, however, have been limited to # vitro or ani-
mal experiments, with little research on the effect
of different flow diversion sizes on clinical out-
comes in clinical settings.

Software with virtual stent release technology — such
as Sim&Size (Sim and Cure, France),!* Ankyras
(Galgo Medical SL, Spain),!* and AneuGuide™
(ArteryFlow Technology, Hangzhou, China)!> —
were developed to assist clinicians in selecting the
braided stent size, as a means to improve the inter-
vention process. Interestingly, some studies have
found that the application of these software can
reduce the stent size.!%17 The true impact of this
change on outcomes remains unknown, however.

Therefore, we conducted this retrospective study to
investigate the potential effects of different PED size
selections on the clinical and angiographic out-
comes of aneurysm treatments.

Methods

Study design and population

This retrospective study was conducted at a
large neurointervention center in China (Beijing
Tiantan Hospital). Aneurysms treated with PED
between January 2015 and December 2020 were
reviewed. The exclusion criteria were as follows:
(1) aneurysms treated with multiple stents (includ-
ing both PED and other stents); (2) tandem aneu-
rysms treated with PED; (3) non-saccular
aneurysms; (4) patients with arteriovenous mal-
formations and fistulas; and (5) aneurysms with
parent artery occlusion at the final follow-up.

Patient characteristics — including age, sex, suba-
rachnoid hemorrhage (SAH) at admission, modi-
fied Rankin Scale (mRS) score at admission,
SAH history, hypertension, hyperlipidemia, dia-
betes, coronary heart disease, hemorrhagic stroke
history, ischemic stroke history, smoking, and
alcohol consumption — were collected from the
patients’ medical records. The aneurysm charac-
teristics collected included the size (defined as the
maximum distance of any two points on the aneu-
rysm dome), neck (defined as the maximum dis-
tance of any two points on the aneurysm neck
level), parent artery diameter (defined as the
mean diameter of the artery diameter at the proxi-
mal and distal sides of aneurysms) (Figure 1),
and aneurysm location, as measured from the
preoperative three-dimensional (3D) digital sub-
traction angiography. Treatment details — includ-
ing coiling application, balloon application, PED
stent length, and diameter — were also collected.

In clinical practice, the choice of stent length and
diameter often depends on the morphology of the
aneurysm and the condition of the parent artery.
The diameter of the stent is generally comparable
with that of the parent artery, and the length of
the stent is often larger than the neck of the aneu-
rysm and covers the proximal and distal ends of
the aneurysm by at least 5mm. Thus, to analyze
the association between stent size and clinical or
angiographic outcomes, we set the following two
parameters:
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Difference in diameter (DD)=PED diame-
ter — parent artery diameter (mm).

Difference in length (DL)=PED
length — (aneurysm neck + 10) (mm).

All aneurysm data were measured by the authors
and checked by two neurosurgeons with at least
15years of experience. The study was approved
by the Institutional Research Ethics Board of
Beijing Tiantan Hospital, and the requirement
for informed consent was waived due to the retro-
spective nature of the study.

Treatment and follow-up details. All procedures
were performed with at least 3—5 days of preproce-
dural antiplatelet therapy (100 mg/day aspirin and
75mg/day clopidogrel). During the procedure,
general anesthesia was administered to all patients,
and patients were administered a bolus of 3000 IU
of heparin, followed by 1000IU every hour. Clopi-
dogrel (75 mg/day) was prescribed for 8—12 weeks
after the procedure, and aspirin (100 mg/day) was
prescribed for at least 6 months. Patients who did
not respond to clopidogrel were administered
aspirin (100mg/day) and ticagrelor (90 mg, twice
daily). Rotational 3D angiography was used to
create a suitable working projection. In our center,
the PED is normally deployed with non-compact-
ing technology, and the pushing—compaction
operation is rarely used. The stents should be suf-
ficiently large to cover the proximal and distal
ends of the aneurysms by at least 5mm. Mean-
while, balloon angioplasty is commonly used to
correct severely poor wall apposition. A panel of
neurointerventionalists with more than 15 years of
aneurysm treatment experience determined the
final stent selection and treatment strategy.

The first angiographic evaluation was conducted
3—6 months after PED implantation. According to
the first assessment evaluation, subsequent angio-
graphic follow-ups were not routinely performed
for aneurysms with complete occlusion; for aneu-
rysms with incomplete occlusion, subsequent
angiographic follow-ups were performed every 6
or 12months until complete occlusion was
observed. Treatment failure was defined as incom-
plete occlusion after at least 24 months of obser-
vation. An independent panel of neurosurgeons
and radiologists reviewed all angiographies.

Study outcomes. Complete occlusion was defined
as Raymond—Roy I for aneurysms treated with
coiling-assisted PED, and Grade D for aneurysms

treated with PED alone, using the O’Kelly—
Marotta scale.!® Raymond—Roy class II/III and
grades A—C were used to define incomplete occlu-
sion. The clinical outcome was evaluated using
the mRS score, in which 0-2 were set as good
outcomes and 3—6 were set as poor outcomes.

We also collected information on complications
such as intraoperative hemorrhage, intraoperative
thrombosis, postoperative SAH, postoperative
hemorrhage, postoperative major stroke [a change
in the National Institutes of Health Stroke Scale
(NIHSS) score of greater than 4 lasting >7 days],
postoperative minor stroke (a change in score of 4
or lower lasting <7 days or a transient neurologi-
cal deficit with or without corroborative imaging),
transient ischemic attack (TTA; a transient neuro-
logical deficit without corroborative imaging),
and mortality. Considering the relatively low
rate of each complication, we defined the major
complications as the overall rate of intraoperative
hemorrhage, intraoperative thrombosis, postop-
erative SAH, postoperative hemorrhage, postop-
erative major stroke, and mortality, and defined
the total complications as the overall rate of all
complications. For cases with multiple complica-
tions, we only recorded the complications once.

To assess whether stent oversizing would result in
additional treatment burden, we also included
balloon application and long-term stenosis of the
parent artery as outcomes.

Statistical analysis. Continuous variables are pre-
sented as the mean value and standard deviation
and were analyzed with the ¢z test, while categori-
cal variables are presented as the total number
and percentage, and were analyzed with the Pear-
son chi-square test. Multivariable logistic regres-
sion models were used to analyze the association
between stent size selection and outcomes. The
initial set of confounders included in the multi-
variable model was chosen using a cutoff p value
of <0.2 in the univariate analysis. p values <0.05
were considered significant for adjusted odds
ratios (ORs) with 95% confidence intervals (ClIs).
Significant statistical results were presented using
the restricted cubic spline (RCS) curve based on
the same multivariable logistic regression model
with three knots at the 10th, 50th, and 90th per-
centiles of each variable. The reference lines for
no association are indicated by dashed lines for an
odds ratio (OR) of 1.0. The solid black lines indi-
cate the multivariate adjusted ORs, with gray
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1. aneurysms treated with multiple stent (39)

2. tandem aneurysm treated with same PED (222)
»3. none saccular aneurysms (112)

4. patients with arteriovenous malformations and

5. parent artery occlusion in the follow up (12)

Aneurysms with PED
treatment
(n=904)
exclusion:
fistulas (6)
Y
final cohort
(n=513)

Figure 2. Flowchart of aneurysm inclusion.

scales showing 95% CIs. All statistical analyses
were performed using R statistical software (ver-
sion 4.0.5).

Results

Patient, aneurysm, and treatment

characteristics

A total of 496 patients with 513 aneurysms,
including 379 (73.9%) females, were included
(Figure 2), with amean age of 54.61 = 10.57 years.
Most aneurysms (87.9%) were located in the
internal carotid artery (ICA). The mean aneu-
rysm size, neck, and parent artery diameter were
11.51£7.72mm, 6.66*+3.59mm, and 3.57 =
0.68 mm, respectively. The mean stent length and
diameter were 23.07 =5.58mm and 4.12=*
0.51 mm, while the mean difference between the
diameter of the stent and the parent artery (DD)
and the difference between the length of the stent
and the aneurysm neck (DL) were 0.55 * 0.57
and 6.41 = 4.06, respectively. Almost half of the
aneurysms (48.0%) were assisted by coiling, and
only 25 aneurysms (4.9%) were assisted by a
balloon.

Angiographic and clinical follow-up data were
collected for 419 (81.7%) and 478 (93.2%) aneu-
rysms, respectively. The mean angiographic and
clinical follow-up times were 13.30 = 11.27 and
39.17 £ 19.19 months, respectively. The complete
occlusion rate was 81.9% (343/419). In the final
angiographic follow-up, 47 (11.2%) aneurysms

were found with in-stent stenosis of >25%, and
22 (5.3%) aneurysms had stenosis of >50%.
Good clinical outcomes (mRS 0-2) were observed
in 95.8% (458/478) of the total cohort.

Intraoperative complications occurred in three
cases, including one case of SAH and two cases of
acute thrombosis events. Regarding postoperative
complications, 7 cases had SAH or parenchymal
hemorrhage, 8 had major stroke, 18 had minor
stroke, 12 had TIA, and 4 had in-hospital mortal-
ity. The total and major complication rates were
9.7% (50/513) and 3.9% (20/513), respectively.
Detailed information is presented in Table 1.

Association between differences in diameter

and outcomes

The DD was larger in aneurysms with incom-
plete occlusion than in those with complete
occlusion (0.71 = 0.57 mm versus0.50 = 0.51 mm,
$»=0.002). No statistical significance, however,
was found in the clinical outcomes, complica-
tions, balloon applications, and in-stent stenosis,
with similar results observed from multivariate
Cox regression analysis. After adjusting for sex,
SAH at admission, hypertension, coronary heart
disease, mRS at admission, aneurysm size, PED
type, coiling, balloon, and DL, a larger DD was
significantly associated with incomplete occlu-
sion (OR=2.37;95% CI=1.43-3.98; p<<0.001)
(Table 2). The RCS curve indicated that the risk
of incomplete occlusion increased as the DD
increased (Figure 3(a)).
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Table 1. Baseline information. Table 1. (Continued)

Chrematistics Aneurysm (n=513) Chrematistics Aneurysm (n=513)

Female (%) 379 (73.9) Total complication (%) 50 (9.7)

Age [mean (SDJ] 54.61(10.57) Intraoperative 3(0.6)
complication (%)

SAH at admission (%) 8(1.6)
Postoperative hemorrhage 7 (1.4)

mRS at admission (%) stroke (%)

0 295 (57.5) Postoperative major 8(1.6)

ischemic stroke (%)

1 184 (35.9)

Postoperative minor 18 (3.5)

2 24 (4.7) ischemic stroke (%)

3 10 (1.9) Postoperative TIA (%) 12 (2.3)
SAH history (%) 13 (2.5) Mortality (%) 4(0.8)
Hypertension (%) 210 (40.9) Clinical follow-up time, 39.17 (19.19)

mean (SD)?
Hyperlipidemia (%) 24 (4.7)

mRS at follow-up (%])a
Diabetes (%) 38 (7.4)

0 365 (76.4)

Hemorrhage stroke history 6 (1.2)
(%) 1 75 (15.7)
Ischemic stroke history (%) 25 (4.9) 2 18(3.8)
Coronary heart disease (%) 31 (6.0) 3 3(0.6)
Smoking (%) 60 (11.7) 4 3(0.6)
Drinking (%) 4719.2) 5 1(0.2)
Aneurysm location (%) > 1327

Angiographic follow-up 12.80 (10.61)

ICA 45187.9) time, mean (SDJP

BAVA 45(8.8) Incomplete occlusion (%)° 76 (18.1)

ACA/MCA/PCA 17 (3.3)

In-stent stenosis (>25%) (%)o 47 (11.2%)

A i D 11.51(7.72
neurysm size [mean (SD)] 51(7.72) In-stent stenosis (>50%) (%> 22 (5.3%]

Aneurysm neck [mean [SDI] 6.6 (3.59) Stent diameter, mean (SD) 4.12(0.51)

Parent artery diameter 3.57(0.68) = 23.07 (5.58]
[mean (SD]]
Coiling (%) 246 (48.0) DD, mean (SD) 0.55 (0.57)
DL, mean (SD) 6.41 (4.06)
Balloon (%) 25 (4.9)
ACA, anterior cerebral artery; BA, basilar artery; DD,
PED type difference between the diameter of stent and parent artery;
) DL, difference between the stent length and aneurysm neck;
Classic (%] 118 (23.0) ICA, internal carotid artery; MCA, middle cerebral artery;
mRS, modified Rankin scale; PCA, posterior cerebral artery;
Flex (%) 395 (77.0) SAH, subarachnoid hemorrhage; SD, standard deviation;
TIA, transient ischemic attack; VA, vertebral artery.
Major complication (%) 20(3.9) aData available for 478 aneurysms.
bData available for 419 aneurysms.
(Continued]
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Figure 3. Restricted cubic spline curves of stent size and study outcomes. Solid black lines are multivariate adjusted odds ratios,
with gray scales showing 95% confidence intervals derived from restricted cubic spline regressions with three knots. The reference
lines for no association are indicated by the dashed lines at an odds ratio of 1.0. After adjusting for sex, subarachnoid hemorrhage
at admission, hypertension, coronary heart disease, modified Rankin Scale (mRS) score at admission, aneurysm size, pipeline
embolization device (PED) type, coiling, balloon, and difference between the stent length and aneurysm neck (DL), the risk of
incomplete occlusion increased as the difference between the diameter stent and parent artery (DD) became larger (a). After
adjusting for age, hypertension, aneurysm size, PED type, and DD, the possibility of balloon application increased as the DL increase
when DL larger than 5.7 mm (b). After adjusting for diabetes, mRS at admission, PED type, and DD, the risk of in-stent stenosis
(>25%) was increased as the DL become larger (c).

Table 2. Multivariate logistics analysis of stent size and different study outcomes.

DD DL
Outcome OR (95%Cl) p value OR (95%Cl) p value
Incomplete occlusion 2.37 (1.43-3.98) <0.001 1.03 (0.96-1.10) 0.368
Poor clinical outcome 2.23(0.80-6.18) 0.117 0.88 (0.72-1.05) 0.181
Total complication 0.96 (0.55-1.63) 0.882 1.05(0.98-1.13) 0.148
Major complication 1.37 (0.62-2.89) 0.418 1.02 (0.91-1.14) 0.715
Balloon application 1.36 (0.67-2.68) 0.384 1.12(1.02-1.23) 0.021
In-stent stenosis (>25%) 0.95(0.51-1.75) 0.889 1.07 (1.01-1.16) 0.042
In-stent stenosis (>50%]) 0.68(0.28-1.62) 0.386 0.98(0.87-1.10) 0.756

Cl, confidence interval; DD, difference between the diameter of the stent and parent artery; DL, difference between the

stent length and aneurysm neck; OR, odds ratio.

Association between differences in length and
outcomes

DL was not associated with any angiographic or
clinical outcomes or perioperative complications.
The DL, however, was larger in aneurysms with
balloon assist (6.29 *3.99mm versus 8.81 %=
4.80mm; p=0.002). Multivariate Cox regression
showed that a larger DL was significantly associ-
ated with balloon application (OR=1.12; 95%
CI=1.02-1.23; p=0.021). The DL was larger in
aneurysms with in-stent stenosis >25%
(6.18 =3.93 mm versus 7.41 £ 4.56 mm; p=0.048);

however, no such trend was observed in aneurysms
with in-stent stenosis >50% (6.31 =4.03mm ver-
sus 6.44+3.79mm; p=0.885). Similar to the
results of univariate analysis, the results of multi-
variate analysis showed that a larger DL was sig-
nificantly associated with in-stent stenosis (>25%)
(OR=1.07; 95% CI=1.0-1.16; »=0.042). In
addition to the DL, the stent length itself was
longer in balloon-assisted aneurysms (22.83 *=
5.47Tmm versus 27.84 £5.67mm; p<<0.001). The
stent length tended to be longer in aneurysms with
in-stent stenosis, which was close to showing
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statistical significance (>25%) (22.63 =5.35mm
versus 24.21 £ 6.36 mm; p=0.053).The RCS curve
indicated that the possibility of balloon application
increased as the DL increased when the DL was
>5.7mm (Figure 3(b)), and the risk of in-stent
stenosis (> 25%) increased as the DL increased
(Figure 3(c)).

Discussion

In this study, we examined the association
between PED size selection and different clinical
or angiographic findings. Stent size selection is an
important component of interventional therapy,
and an appropriate size could improve treatment
results. In contrast, an improper stent size, regard-
less of under- or over-sizing, could have devastat-
ing consequences. Size selection of the stent
should consider both the diameter and length.
The chosen diameter is usually influenced by the
diameter of the parent artery. The length of the
stent should cover the aneurysm neck to ensure a
flow-diverting effect to treat the aneurysm. Thus,
in this study, we set two parameters to represent
the PED size selection: DD and DL. We found
that a larger DD was significantly associated with
incomplete occlusion, while a larger DL was sig-
nificantly associated with balloon application and
in-stent stenosis of >25%. To the best of our
knowledge, this is the first study to investigate the
association between PED size and clinical or
angiographic outcomes in a large clinical cohort.

Since the Food and Drug Administration first
approved PED in 2011, flow diversion has repre-
sented a potentially ‘disruptive’ technique in that
it may herald a new paradigm shift in the treat-
ment of cerebral aneurysms.!»? Unlike prior
intracranial stents, PED has a high wire density,
and its main impact is changes in intra-aneurys-
mal and parent artery flow dynamics, which may
ultimately lead to intra-aneurysmal thrombosis
and aneurysm occlusion, rather than the typical
support for coiling.!® The selection of PED size
should be considered with more caution because
these changes may also influence vessels other
than aneurysms, such as branches.!3 Owing to the
braided nature of PED, however, this ‘selection’
may fluctuate within a specified range.* Chalouhi
et al.® reported five patients with spontaneous
delayed migration/shortening of the PED on fol-
low-up angiography. One patient in their study
presented with SAH and died, and another
patient had complete middle cerebral artery

(MCA) occlusion and was severely disabled.
Moreover, Estrade ez al.1° found that oversizing of
the PED could result in stent extremity deforma-
tion and thrombotic complications. To facilitate
stent selection and improve the intervention pro-
cess, an increasing number of virtual stent soft-
ware programs have been developed,!3:1%20 and
several studies have found that using these soft-
ware may decrease the stent size or number.16:17
The association between PED size and patient
outcome remains unclear, however.

In this study, we found that a larger DD, indicat-
ing oversizing of the stent diameter, was associ-
ated with an increased risk of incomplete
occlusions. Oversizing of PED has been previ-
ously studied i wvirro and in animal models.
Indeed, in an i virro study, Shapiro ez al.* found
that even moderate oversizing could lead to a sig-
nificant increase in porosity (reduction in metal
coverage), thereby lowering the blood flow diver-
sion effect and further treatment efficiency of
PED. Gyitrki er al.® found that oversizing the
device by 1mm in diameter has reduced the
hydrodynamic resistance, which was a more deci-
sive factor because it more accurately reflects the
capacity of flow diversions, on average to one-
fifth of its original value. Oversizing for treating
an aneurysm over a nominally sized stent may
produce an insufficient resistance through the
aneurysm neck; therefore, the thrombosis in the
sac may not be complete. Furthermore, Hodis
et al.? performed a rabbit model experiment and
found that the metal coverage and pore density
were lower, albeit not significantly, in the over-
sized group than in the normal group, with differ-
ences of approximately 2% and 4 pores/mm,
respectively. In this study, the RCS showed that
the risk of incomplete occlusion increased as DD
increased. To the best of our knowledge, this is
the first study to focus on the effectiveness of
diameter selection for PED in a clinical cohort,
and the current findings support earlier in wvitro
and animal model studies. We found no signifi-
cant association between DD and clinical follow-
up, complications, or other outcomes. According
to the RCS curve, the intersection of the refer-
ence (OR=1) and adjusted OR was a DD of
0.55mm, and when the DD was smaller than
0.55mm, the risk of incomplete occlusion
decreased. In addition, when the DD was smaller
than 0 mm, indicating undersizing using the PED,
the adjusted OR was smaller than 0.5. This result
illustrates that undersizing using PED may
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promote aneurysm occlusion to some extent; this
is theoretically supported by previous in witro
experiments showing that undersizing the PED
may improve metal coverage and pore density.*
Given the migration risk, however, undersizing
the PED should be approached with more cau-
tion and investigated further in future studies.
Therefore, it is recommended that the DD could
be regulated between —0.5 and 0.5mm, and
within this range, a slightly larger stent diameter
may be more appropriate.

In contrast to the results of the diameter analysis,
we found that a larger DL was not associated with
aneurysm occlusion but was significantly associ-
ated with balloon application. The RCS curves
showed that a DL >6mm (intersections) may
increase both balloon applications. In addition to
DL, a longer stent length itself was also associated
with balloon application. In our center, the bal-
loon is commonly used to correct poor wall appo-
sition of the PED after deployment. The balloon
application itself improves the complexity of the
surgical operation, and previous studies have also
reported that wall injury introduced by balloon
angioplasty is an important trigger for restenosis
by intimal hyperplasia.?! Although DL was also
associated with in-stent stenosis (>25%), we
found no significant association in the analysis of
DL with in-stent stenosis (>50%). In addition,
the analysis of the relationship between stent
length and in-stent stenosis (>25%) showed an
almost statistical significance. Similar to previous
studies, a longer stent length may increase the
thrombogenic surface for platelet activation,
which increases the risk of thromboembolic
events.?2 The association between the stent length
and long-term vascular stenosis remains unclear,
however. The association between the length of
the PED and in-stent stenosis is an important
take-home message from this study. Although
previous studies have suggested the use of longer
stents to prevent excessive migration or foreshort-
ening,823:24 the potential risk of avoiding balloon
angioplasty and in-stent stenosis should also be
considered. In addition, as previously reported, a
longer PED may also increase the risk of arterial
side branch and perforator occlusion.!3:15:17,20
From this aspect, virtual stent software!%17 should
be encouraged given that they may provide dis-
tinct advantages in PED length selection and
deployment. According to the results of this
study, it is recommended that the DL could be as
small as possible yet at least greater than 0 mm

(this means that the length of the stent is usually
larger than the neck of the aneurysm and covers
the proximal and distal ends of the aneurysm by
at least 5mm).

This study has several limitations. First, although
we included a large cohort of patients, the retro-
spective nature of the study may have introduced
patient selection bias. Second, the diameter of the
parent artery was defined as the mean diameter of
the artery diameter at the proximal and distal
aneurysms. Although this approach may indicate
the true diameter of the parent artery correspond-
ing to the aneurysm, it may not accurately depict
the complex vascular conditions. Third, the sin-
gle-center and retrospective nature of the study
may hinder the generalization of the results. It
should be considered that that individuals with
asymptomatic ICA aneurysms made up the
majority of the group included in this study.

Conclusion

The present findings demonstrate that a larger dif-
ference between the PED diameter and parent
artery was significantly associated with incomplete
occlusion, and a larger difference between the
length of the PED and aneurysm neck was signifi-
cantly associated with balloon application and in-
stent stenosis. Our results suggest that these factors
should be considered in PED stent selection.
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