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Abstract: Background: Flow diversion has significantly improved the management of cerebral
aneurysms. Technological advancements and increased clinical experience over the past decade have
led to better outcomes and fewer complications. This study provides updated results and examines
the factors that influence the success of flow diversion. Methods: We reviewed records of 115 patients
with 121 intracranial aneurysms treated from July 2014 to August 2023. All patients had unruptured
aneurysms in the anterior and posterior circulation. Results: Complete aneurysm occlusion was
achieved in 72.7% of cases, with a complication rate of 9.1%. Significant predictors of complete
occlusion included aneurysm diameter (OR = 0.89, 95% CI 0.82-0.97, p = 0.009) and the presence of
incorporated branches (OR = 0.22, 95% CI 0.08-0.59, p = 0.003). Cox analysis identified neck diameter
(HR = 0.92, 95% CI 0.87-0.98, p = 0.009) and incorporated branch (HR = 0.40, 95% CI 0.24-0.69,
p = 0.001) as significant for occlusion. Multivariable analysis identified aneurysm diameter (OR = 1.21,
95% CI 1.09-1.37, p = 0.001) as significant for safety outcomes. Improved outcomes were observed in
recent treatments, with higher occlusion rates (79.7% vs. 61.7%, p = 0.050) and lower complication
rates (4.1% vs. 14.9%, p = 0.011). Conclusions: Enhanced technical proficiency, better devices, and
refined patient selection have significantly improved the efficacy and safety of flow diversion for
cerebral aneurysms. Identifying significant predictors for treatment success and safety outcomes can
inform clinical practice, aiding in patient selection.
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1. Introduction

Flow diversion stents have revolutionized the treatment of cerebral aneurysms, partic-
ularly those that are difficult to manage with traditional methods [1,2]. These stents redirect
blood flow away from the aneurysm, promoting thrombosis and eventual occlusion. Nu-
merous studies have been conducted on flow diversion, with early research highlighting
its promising outcomes and subsequent studies providing evidence on when flow diver-
sion is more advantageous [3—6]. Understanding the specific characteristics and outcomes
associated with flow diversion is essential for improving the overall treatment results.
When unfavorable outcomes occur after flow diversion, subsequent treatment options
are significantly limited, often constrained to either deploying additional flow diverters
or performing parent artery occlusion with or without bypass surgery [6,7]. In 2021, we
reported our experience on the use of flow diversion stents for large or giant aneurysms [5],
demonstrating a relatively low complete occlusion rate (57.1%) and a high complication
rate (17.1%) compared to other studies [8-12]. Since then, we have treated a larger patient
population and extended the follow-up period, resulting in a significant accumulation of
data. This study aims to present updated results and analyze the factors contributing to
treatment outcomes after flow diversion. Additionally, with increased experience, we have
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observed improvements in treatment outcomes, including better aneurysm occlusion rates
and reduced complications. By sharing our decade-long experience, we aim to contribute
to the optimization of flow diversion stent protocols and improve treatment efficacy.

2. Methods

This study received approval from the institutional review board (IRB File No. 2021-
01-176-001) of our institution. We conducted a review of the medical records of patients
who underwent flow diversion for intracranial aneurysms at our facility from July 2014
to August 2023. The decision for flow diversion treatment was made based on multidisci-
plinary team discussions involving neurosurgeons and interventional neuroradiologists, as
well as patient preferences. The study population included individuals with unruptured
aneurysms in both the anterior and posterior circulation. Patients who were lost to follow-
up and had less than 12 months of angiographic follow-up before achieving complete
aneurysm occlusion without adverse events were excluded from the analysis, whereas
patients who experienced any type of safety outcome were included in the analysis despite
having less than 12 months of angiographic follow-up. Clinical data such as age, sex,
medical history, and results of platelet reactivity testing were obtained from the medical
records of the patients included in the study. The diameter and neck size of the aneurysms
were assessed using three-dimensional digital subtraction angiography (DSA), with the
maximum value of each dimension recorded. For aneurysms containing luminal thrombi,
the diameter was measured as the outer-to-outer diameter on pre-treatment magnetic
resonance imaging (MRI).

2.1. Interventions and Follow-Up

All patients received premedication with a dual antiplatelet regimen consisting of
either 100 mg aspirin and 75 mg clopidogrel for 5 to 14 days or a loading dose of 300 mg
aspirin and clopidogrel for 1 to 2 days prior to the flow diversion procedure. Platelet
reactivity was assessed using the VerifyNow Assay (Accumetrics Inc., San Diego, CA,
USA). For patients exhibiting clopidogrel hyporesponsiveness (P2Y12 reaction units > 230),
ticlopidine (250 mg) was administered twice daily as an alternative. The dual antiplatelet
therapy continued for 6 months post-procedure, followed by a single antiplatelet agent for
an additional 6 months.

Three types of commercial flow diversion systems were used: the Pipeline Emboliza-
tion Device (Flex and Flex with Shield technology, Medtronic, Irvine, CA, USA), the Derivo
Embolization Device (Acandis GmbH & Co, KG, Pforzheim, Germany), and the Surpass
Flow Diverter (Streamline and Evolve, Stryker Neurovascular, CA, USA). The choice of
device was based on the operator’s preference. Post-procedural MRI was performed
within 5 days of the procedure. Clinical and radiological follow-ups included MRI and/or
CT angiography at 6, 12, 18, and 24 months after the procedure and annually thereafter.
Follow-up assessments were conducted at the discretion of the attending physician.

2.2. Outcome Measures

Complete aneurysm occlusion was defined as the angiographic occlusion of the target
aneurysm at the end of follow-up without significant (>50%) parent artery stenosis, major
adverse events, or the need for additional treatment. Safety outcomes included hemorrhagic
stroke, major ischemic stroke (defined as an increase of >4 points on the National Institutes
of Health Stroke Scale), partial or complete stent thrombosis, and all-cause mortality.
Significant enlargement of the target aneurysm and unfavorable functional outcomes were
also assessed. As previously described in our study, significant enlargement of the target
aneurysm was defined as a follow-up aneurysm volume exceeding 125% of the initial
aneurysm volume [7]. The aneurysmal diameter was measured on MRI using the outer-to-
outer diameter. Functional outcomes were assessed at an outpatient clinic, with unfavorable
functional outcomes defined as a modified Rankin Scale score of 3-6 at the last clinical
follow-up. Additionally, we compared the baseline characteristics, treatment details, and
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treatment outcomes between the early group and the recent group, categorized based on
the time of the previous study publication.

2.3. Statistical Analyses

Statistical analyses were performed using SPSS Statistics version 25.0 (IBM Corpo-
ration, Armonk, NY, USA) and R version 3.4.2 (R Foundation for Statistical Computing,
Vienna, Austria). A p value of <0.05 was considered indicative of statistical significance,
with all p values based on two-sided tests. Differences in categorical variables between
groups were analyzed using the chi-square test with continuity correction, while continu-
ous variables were compared using the T-test. To determine associations between clinical
variables and complete aneurysm occlusion, univariate binary logistic regression analysis
was conducted. A multivariate logistic regression model, with a significance level set at 0.20,
was then used to identify independent predictors. Odds ratios (ORs) and 95% confidence
intervals (CIs) were calculated for the identified risk variables. A Cox proportional hazard
analysis was performed to assess time-dependent factors influencing complete aneurysm
occlusion after flow diversion, also with a significance level set at 0.20. Hazards ratios
(HRs) and 95% confidence intervals (CIs) were calculated for the identified risk variables.

3. Results

During the study period, 128 patients with 134 intracranial aneurysms underwent flow
diversion treatment. However, 13 patients with 13 intracranial aneurysms were excluded
for the following reasons: incomplete angiographic follow-up (n = 11) or intracranial artery
dissection without aneurysm formation (1 = 2). Consequently, the final analysis included
115 patients with 121 aneurysms.

Table 1 summarizes the clinicoradiological findings of 121 aneurysms; the patients had
amean age of 59.4 & 12.9 years and 82 (67.8%) were female. Regarding previous treatments,
the majority had no prior interventions (113 patients, 93.4%), while two patients (1.7%) had
undergone clipping. Additionally, one patient each had distal occlusion and bypass (0.8%)
and multiple stents (0.8%). Coil embolization had been performed in four patients (3.3%).
The majority of aneurysms were located in the anterior circulation (85 patients, 70.2%).
The mean aneurysm diameter was 15.2 &= 7.0 mm, with sizes categorized as <10 mm in
24 patients (19.8%), 10-25 mm in 82 patients (67.8%), and >25 mm in 15 patients (12.4%).
The mean neck diameter was 8.9 & 4.8 mm, and 33 patients (27.3%) had an incorporated
branch preventing aneurysm isolation after flow diversion.

Table 1. Clinicoradiological findings of the total 121 aneurysms.

Age (year) 59.4 +£12.9
Female 82 (67.8%)
Previous treatment

-No 113 (93.4%)
-Clipping 2 (1.7%)
-Distal occlusion, Bypass 1 (0.8%)
-Multiple stents 1 (0.8%)
-Coil embolization 4 (3.3%)
Anterior circulation 85 (70.2%)
Location

-ICA 75 (62.0%)
-ACA 4 (3.3%)

-MCA 6 (5.0%)
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-PCA 1 (0.8%)
-BA 6 (5.0%)
-VA 29 (24.0%)
Non-saccular type 76 (62.8%)
Aneurysm diameter (mm) 152+70
-<10 24 (19.8%)
-10-25 82 (67.8%)
->25 15 (12.4%)
Neck diameter (mm) 89148
Incorporated branch 33 (27.3%)
Pre-treatment mRS

-0 112 (92.6%)
-1 8 (6.6%)
-2 1 (0.8%)
Pre-treatment DAPT

-On DAPT 4 (3.3%)
-Loading dose 8 (6.6%)
-Scheduled 109 (90.1%)
Pre-treatment DAPT regimen

-Aspirin + Cilostazol 1(0.8%)
-Aspirin + Clopidogrel 120 (99.2%)
ARU 4454 + 67.7
PRU 177.4 £ 69.5
Post-treatment DAPT

-Aspirin + Cilostazol 1 (0.8%)
-Aspirin + Clopidogrel 99 (81.8%)
-Aspirin + Ticlopidine 21 (17.4%)
Device

-Surpass Flow Diverter, Evolve 67 (55.4%)
-Surpass Flow Diverter, Streamline 31 (25.6%)
-Pipeline Embolization Device, Flex 22 (18.2%)
-Derivo Embolization Device 1 (0.8%)
Additional coil 3(2.5%)
Number of fow diverters used

-1 116 (95.9%)
-2 5 (4.1%)
Balloon angioplasty 40 (33.1%)
Procedure time (min) 91.1 £449
Angiographic follow-up (month) 26.0 £19.0
Clinical follow-up (month) 295 4+22.2

ICA, internal carotid artery; ACA, anterior cerebral artery; MCA, middle cerebral artery; PCA, posterior cerebral
artery; BA, basilar artery; VA, vertebral artery; mRS, modified Rankin Scale score; DAPT, dual antiplatelet therapy;
ARU, aspirin resistance unit; PRU, plavix resistance unit.
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The devices used were the Surpass Evolve in 67 patients (55.4%), Surpass Streamline
in 31 patients (25.6%), Pipeline Embolization Device in 22 patients (18.2%), and Derivo
Embolization Device in 1 patient (0.8%), with additional coils used in 3 patients (2.5%).
The number of flow diverters used was 1 in 116 patients (95.9%) and 2 in 5 patients (4.1%).
Balloon angioplasty was performed in 40 patients (33.1%), and the mean procedure time
was 91.1 £ 44.9 min. The mean angiographic follow-up was 26.0 & 19.0 months, and the
mean clinical follow-up was 29.5 £ 22.2 months.

Complete aneurysm occlusion was achieved in 88 patients (72.7%). The mean duration
from flow diversion to aneurysm occlusion was 14.7 & 15.6 months. Safety outcomes were
noted in 11 patients (9.1%), including hemorrhagic events in 4 patients (3.3%) with 2 cases
of delayed RIPH (1.7%) and 2 cases of delayed rupture with subarachnoid hemorrhage
(SAH) (1.6%). Major infarction occurred in four patients (3.3%), with downstream em-
bolic infarction in one patient (0.8%) and covered perforator territory infarction in one
patient (0.8%). Stent thrombosis with infarction was observed in two patients (1.7%). Stent
thrombosis without infarction was also noted in two patients (1.7%). There was one case
of sudden death from an unknown cause (0.8%). Unfavorable functional outcomes were
reported in five patients (4.1%); aneurysm enlargement was seen in 14 patients (11.6%).
The treatment outcomes are summarized in Table 2.

Table 2. Clinical outcomes of the study subjects.

Complete aneurysm occlusion * 88 (72.7%)
Safety outcomes 11 (9.1%)
Hemorrhagic stroke 4 (3.3%)
Delayed RIPH 2 (1.7%)
Delayed rupture, SAH 2 (1.6%)
Major ischemic stroke * 4 (3.3%)
Downstream embolic infarction 1 (0.8%)
Covered perforator territory infarction 1 (0.8%)
Stent thrombosis 2 (1.7%)
Stent thrombosis without infarction 2 (1.7%)
Sudden death, unknown cause 1 (0.8%)
Aneurysm enlargement 14 (11.6%)
Unfavorable functional outcome § 5 (4.1%)

RIPH, remote intraparenchymal hemorrhage; SAH subarachnoid hemorrhage; * Complete aneurysm occlusion
was defined as the angiographic occlusion of the target aneurysm at the end of follow-up, without significant
(>50%) parent artery stenosis, major adverse events, or the need for additional treatment; u Major ischemic stroke
was defined as an increase of >4 points in the National Institutes of Health Stroke Scale score;  Aneurysm
enlargement was defined as a follow-up aneurysm volume exceeding 125% of the initial aneurysm volume;
§ Unfavorable functional outcomes defined as a modified Rankin Scale score of 3-6 at the last clinical follow-up.

Table 3 presents the results of the logistic regression analysis for complete aneurysm
occlusion, safety outcomes, and all stroke (hemorrhagic and major ischemic stroke). In
the univariate analysis for aneurysm occlusion, significant factors included non-saccular
type (p = 0.048, OR = 0.49, 95% CI 0.19-0.99), aneurysm diameter (p < 0.001, OR = 0.89,
95% CI 0.83-0.95), neck diameter (p = 0.004, OR = 0.85, 95% CI 0.77-0.94), and incorporated
branch (p = 0.002, OR = 0.25, 95% CI 0.11-0.60). Multivariate analysis showed aneurysm
diameter (p = 0.009, OR = 0.89, 95% CI 0.82-0.97) and incorporated branch (p = 0.003,
OR =0.22, 95% CI 0.08-0.59) remained significant. For safety outcomes, univariate analysis
identified aneurysm diameter (p < 0.001, OR = 1.20, 95% CI 1.09-1.34) as a significant factor.
Multivariate analysis confirmed aneurysm diameter (p = 0.001, OR = 1.21, 95% CI 1.09-1.37)
as significant. For hemorrhagic and major ischemic stroke, univariate analysis indicated
aneurysm diameter (p = 0.003, OR = 1.18, 95% CI 1.06-1.33) as significant. Multivariate
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analysis validated aneurysm diameter (p = 0.003, OR = 1.18, 95% CI 1.06-1.33) as a signifi-
cant factor. Aneurysm diameter is the most important factor, significantly influencing all
treatment outcomes, including complete aneurysm occlusion, safety outcomes, and hem-
orrhagic and ischemic strokes. Figure 1 shows the percentage of each treatment outcome
based on the aneurysm diameter, highlighting that larger aneurysms have lower complete
aneurysm occlusion rates and higher complication rates.

Table 3. Logistic regression analysis for complete aneurysm occlusion after flow diversion.

Complete Aneurysm Occlusion *

Univariate Analysis Multivariate Analysis

p Value OR 95% CI p Value OR 95% CI
Age 0.311 0.98 0.95-1.01
Male 0.552 0.77 0.34-1.83
Posterior circulation 0.158 0.54 0.23-1.28 0.584 0.71 0.21-2.51
Non-saccular type 0.048 0.44 0.19-0.99 0.663 1.32 0.39-4.74
Aneurysm diameter <0.001 0.89 0.83-0.95 0.009 0.89 0.82-0.97
Neck diameter 0.001 0.85 0.77-0.94 0.415 0.94 0.81-1.08
Incorporated branch 0.002 0.25 0.11-0.60 0.003 0.22 0.08-0.59
Number of flow diverters used 0.52 0.55 0.09-4.30

Safety Outcomes *

Univariate analysis

Multivariate analysis

p value OR 95% CI p value OR 95% CI
Age 0.555 1.02 0.97-1.07
Male 0.759 1.22 0.30-4.33
Posterior circulation 0.850 0.88 0.18-3.24
Non-saccular type 0.220 2.18 0.62-8.02
Aneurysm diameter <0.001 1.20 1.09-1.34 0.001 1.21 1.09-1.37
Neck diameter 0.068 1.10 0.99-1.23 0.702 0.98 0.85-1.11
Incorporated branch 0.483 0.57 0.08-2.35
Number of flow diverters used 0.403 2.65 0.13-20.22

Hemorrhagic and Major Ischemic Stroke

Univariate analysis

Multivariate analysis

p value OR 95% CI p value OR 95% CI

Age 0.812 1.01 0.95-1.07
Male 0.652 0.68 0.10-3.14
Posterior circulation 0.293 0.32 0.02-1.89
Non-saccular type 0.443 1.76 0.40-7.79

Aneurysm diameter 0.003 1.18 1.06-1.33 0.003 1.18 1.06-1.33
Neck diameter 0.477 1.05 0.90-1.18
Incorporated branch 0.881 0.88 0.12-4.07
Number of flow diverters used 0.251 3.89 0.19-31.23

OR, odds ratio; CI, confidence interval; * Complete aneurysm occlusion was defined as the angiographic occlusion
of the target aneurysm at the end of follow-up, without significant (>50%) parent artery stenosis, major adverse
events, or the need for additional treatment; Safety outcomes included hemorrhagic stroke, major ischemic
stroke (defined as an increase of >4 points on the National Institutes of Health Stroke Scale), partial or complete
stent thrombosis, and all-cause mortality.



Brain Sci. 2024, 14, 847

7 of 12

Complete aneurysm occlusion (%)

Safety outcomes (%) Hemorrhagic stroke (%) Major ischemic stroke (%)

Percentage
5
°

Total <10mm 10-25mm =25mm
An ameter

Total <10mm 10-25mm =25mm Total <10mm 10-25mm =25mm Total <10mm
er Ane, n diameter neury

10-25mm =25mm
Aneurysm diametei diameter

Aneurysm diametes

Figure 1. Outcomes of flow diversion treatment stratified by aneurysm diameter.

The results of the Cox proportional hazard analysis are summarized in Table 4
and Figure 2. Univariate analysis identified aneurysm diameter (p = 0.037, HR = 0.97,
95% CI 0.94-1.00), neck diameter (p = 0.006, HR = 0.93, 95% CI 0.88-0.98), and incorpo-
rated branch (p = 0.001, HR = 0.39, 95% CI 0.23-0.66) as significant factors. Multivariate
analysis confirmed that neck diameter (p = 0.009, HR = 0.92, 95% CI 0.87-0.98) and incorpo-
rated branch (p = 0.001, HR = 0.40, 95% CI 0.24-0.69) remained significant predictors for
aneurysm occlusion.

Table 4. Cox proportional hazard analysis for complete aneurysm occlusion after flow diversion.

Univariate Analysis Multivariate Analysis
p Value HR 95% CI p Value HR 95% CI

Age 0.720 1.00 0.98-1.01
Male 0.375 0.81 0.52-1.28
Posterior circulation 0.673 0.90 0.56-1.45
Non-saccular type 0177 0.73 0.47-1.15
Aneurysm diameter 0.037 0.97 0.94-1.00

Neck diameter 0.006 0.93 0.88-0.98 0.009 0.92 0.87-0.98

Incorporated branch 0.001 0.39 0.23-0.66 0.001 0.40 0.24-0.69
Multiple flow diverters use 0.686 0.79 0.25-2.25

HR, hazards ratio; CI, confidence interval.

Table 5 presents a comparison of baseline characteristics, treatment details, and clinical
outcomes between the early group (n = 47) and the recent group (n = 74). The recent group
had a significantly higher proportion of female patients (79.7% vs. 48.9%, p = 0.001). Non-
saccular aneurysms were more prevalent in the early group (53.2% vs. 27.0%, p = 0.007). The
early group also had larger mean aneurysm diameters (19.3 & 6.2 mm vs. 12.6 £ 6.3 mm,
p < 0.001) and neck diameters (10.3 & 5.3 mm vs. 7.9 £ 4.1 mm, p = 0.005). Balloon
angioplasty was performed more often in the early group (46.8% vs. 24.3%, p = 0.018), and
their procedures took longer on average (113.4 + 52.8 min vs. 77.0 £ 32.2 min, p < 0.001).
The recent group had a higher rate of aneurysm occlusion (79.7% vs. 61.7%, p = 0.050)
and a lower incidence of aneurysm enlargement (2.7% vs. 25.5%, p < 0.001). Additionally,
the early group experienced higher rates of all strokes (14.9% vs. 1.4%, p = 0.011) and
hemorrhagic stroke (8.5% vs. 0%, p = 0.042).



Brain Sci. 2024, 14, 847

8 of 12
0 Al PN R el Spseme————
+ censor mark 075 l,....'
=08 : 08 Female
éna 0 o :"Z‘Male
2 Age<74 ;
£
00 000 p=0.720 00 "'j p=0.375
Anterior circulation Saccular aneurysm
018 f . . o7s] e ggpTTmTnnTmannammancasesmest - Aneurysm diameter < 21.5mm
""" Posterior circulation
oo -;'\ ne jf_,_._-:"'Non-saccularaneurysm . .-»-“----»--»-‘:--';--'-‘-"----'-'--'--'":
- ‘ Aneurysm diameter > 21.5mm
0.00 F 0.00 # p=0.177 0.00 i p=0.037
0 20 T‘Anse 80 80 0 20 T‘An’ﬂ‘e 80 80 0 20 Tﬁrge B0 80
Single-stent
No covered branch v
078 Neck diameter<11.2'm | 4y
ot 08 Multiple-stent
L I A B T * Comored branch 5
0.00 p=0.005 0.00 p<0.001 00 p<0.686
Figure 2. Cumulative event analysis for aneurysm occlusion stratified by various clinical and
anatomical factors.
Table 5. Comparison of baseline characteristics, treatment details, and treatment outcomes between
early and recent groups.
Total Early Group Recent Group p Value
(n=121) (n=47) n=74)
Age (year) 59.1 +13.0 58.7 + 14.2 59.3 +12.2 0.803
Female 82 (67.8%) 23 (48.9%) 59 (79.7%) 0.001
Anterior circulation 85 (70.2%) 29 (61.7%) 56 (75.7%) 0.151
Location 0.058
-ICA 75 (62.0%) 22 (46.8%) 53 (71.6%)
-ACA 4 (3.3%) 3 (6.4%) 1 (1.4%)
-MCA 6 (5.0%) 4 (8.5%) 2 (2.7%)
-PCA 1 (0.8%) 1(2.1%) 0 (0.0%)
-BA 6 (5.0%) 2 (4.3%) 4 (5.4%)
-VA 29 (24.0%) 15 (31.9%) 14 (18.9%)
Non-saccular type 45 (37.2%) 25 (53.2%) 20 (27.0%) 0.007
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Total Early Group Recent Group p Value
Aneurysm diameter (mm) 152+70 193+ 6.2 126 £ 6.3 <0.001
Neck diameter (mm) 89148 10.3 £5.3 79+41 0.005
Incorporated branch 33 (27.3%) 17 (36.2%) 16 (21.6%) 0.123
Device <0.001
-Surpass Flow Diverter, Streamline 31 (25.6%) 31 (66.0%) 0 (0.0%)
-Pipeline Embolization Device, Flex 22 (18.2%) 13 (27.7%) 9 (12.2%)
-Surpass Flow Diverter, Evolve 67 (55.4%) 3 (6.4%) 64 (86.5%)
-Derivo Embolization Device 1 (0.8%) 0 (0.0%) 1 (1.4%)
Balloon angioplasty 40 (33.1%) 22 (46.8%) 18 (24.3%) 0.018
Procedure time (min) 91.1 +44.9 113.4 +£52.8 77.0 £32.2 <0.001
Complete aneurysm occlusion * 88 (72.7%) 29 (61.7%) 59 (79.7%) 0.050
Aneurysm enlargement * 14 (11.6%) 12 (25.5%) 2 (2.7%) <0.001
Safety outcomes ¥ 11 (9.1%) 8 (17.0%) 3 (4.1%) 0.036
All stroke 8 (6.6%) 7 (14.9%) 1 (1.4%) 0.011
-Hemorrhagic stroke 4 (3.3%) 4 (8.5%) 0 (0.0%) 0.042
-Major ischemic stroke § 4 (3.3%) 3 (6.4%) 1 (1.4%) 0.324

ICA, internal carotid artery; ACA, anterior cerebral artery; MCA, middle cerebral artery; PCA, posterior cerebral
artery; BA, basilar artery; VA, vertebral artery; * Complete aneurysm occlusion was defined as the angiographic
occlusion of the target aneurysm at the end of follow-up, without significant (>50%) parent artery stenosis,
major adverse events, or the need for additional treatment; ¥ Aneurysm enlargement was defined as a follow-up
aneurysm volume exceeding 125% of the initial aneurysm volume; ¥ Safety outcomes included hemorrhagic
stroke, major ischemic stroke (defined as an increase of >4 points on the National Institutes of Health Stroke
Scale), partial or complete stent thrombosis, and all-cause mortality; $ Major ischemic stroke was defined as an
increase of >4 points in the National Institutes of Health Stroke Scale score.

4. Discussion

Our study provides a detailed analysis of flow diversion treatment outcomes for
intracranial aneurysms, focusing on factors affecting complete aneurysm occlusion and
safety outcomes. The complete aneurysm occlusion rate of 72.7% was consistent with that
observed in previous large cohort studies [8-13]. The safety outcomes, with a complication
rate of 9.1%, reflect the inherent risks associated with the procedure but also highlight
areas for potential improvement in patient management and pre-procedural planning.
Notably, the recent group exhibited a lower complication rate of 4.1%, suggesting that
careful case selection and appropriate procedural techniques can significantly enhance
patient safety. In a meta-analysis encompassing 29 studies and 1654 aneurysms, Brinjikji
et al. reported that subarachnoid hemorrhage from a delayed aneurysm rupture and
ischemic stroke occurred in 4% and 6% of patients, respectively, following flow diversion
treatment [3]. These complications were notably more frequent in patients with large and
giant aneurysms. Another recent meta-analysis indicates that unruptured non-saccular
aneurysms in the posterior or distal anterior circulation can be effectively treated with
flow diversion, despite notable complication rates (15% ischemic events, 8% morbidity).
Larger aneurysms (>10 mm) are associated with higher risks of adverse events [4]. In our
study, the mean aneurysm diameter was 15.2 & 7.0 mm, with 62.8% being non-saccular
aneurysms and 38% located in the posterior or distal anterior circulation. Given this
composition, our study results are favorable and reaffirm the efficacy of flow diversion for
these complex aneurysms.

Technological advancements in flow diversion devices and increased experience in
high-volume centers have shown that treatment outcomes are significantly influenced by
case selection rather than the stent deployment technique itself [14,15]. From this stand-
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point, case selection is the most critical factor for treatment outcomes and understanding
predictors of favorable outcomes is crucial. Previous studies have identified several pre-
dictors, consistently highlighting aneurysm size, the presence of an incorporated vessel,
and the location of the aneurysm, particularly if it is distal or posterior [3-5,16-18]. In the
present study, logistic regression analysis revealed significant predictors for aneurysm occlu-
sion, including aneurysm diameter and the presence of an incorporated vessel. Aneurysm
diameter was also a significant predictor for safety outcomes and stroke events. The Cox
proportional hazard analysis provided additional insights into the time-dependent factors
influencing aneurysm occlusion. Neck diameter and the presence of an incorporated branch
were significant predictors. These results further emphasize the importance of aneurysm
morphology in determining treatment success.

4.1. Comparison between Early and Recent Treatment Groups

Our comparison between the early and recent treatment groups revealed significant
improvements in outcomes over time, driven by several key factors. As our experience
with flow diversion procedures grew, so did our technical proficiency. This is clearly
demonstrated by the decreased procedure time in the recent group, averaging 77.0 min
compared to 113.4 min in the early group. This reduction in procedure time underscores
the increased efficiency and skill development we achieved with continued practice and
familiarity with the technique. Another major contributor to the improved outcomes
is the advancement in flow diverter devices. The newer devices we adopted over time
offer enhanced deliverability and safety features that have significantly bolstered the
effectiveness of the treatment. These technological advancements have allowed us to
perform the procedures with greater precision and reliability, thereby improving patient
outcomes [14,19]. However, the most significant factor contributing to the better results
in the recent group is our refined patient selection process. Initially, our selection criteria
were broader and our understanding of the factors leading to unfavorable outcomes was
less developed. Over time, insights gained from our earlier studies, which identified
critical factors such as aneurysm diameter, incorporated branches, and parent vessel angle,
allowed us to hone our criteria. This refinement has enabled us to select patients who
are more likely to benefit from flow diversion, thereby enhancing overall outcomes and
minimizing complications.

4.2. Implications for Clinical Practice

The identification of significant predictors for both treatment success and safety out-
comes can inform patient selection criteria, helping clinicians identify those who are most
likely to benefit from flow diversion. Flow diversion is a highly valuable treatment option
for cerebral aneurysms; however, it is not universally applicable to all complex aneurysm
cases. When flow diversion fails, particularly in cases of aneurysm enlargement, delayed
rupture, or clinical deterioration, the subsequent treatment options are limited. These often
include additional flow diverter deployment or parent artery occlusion with or without
bypass surgery. Therefore, it is crucial to consider alternative conventional treatments
when unfavorable outcomes are anticipated with flow diversion [20]. However, despite
careful consideration and meticulous inspection, finding a promising treatment option for
complex aneurysms is difficult and sometimes even impossible. According to the results of
our analysis, large or giant aneurysms with wide necks and incorporated branches present
significant concerns regarding safety outcomes and treatment efficacy after flow diversion.
Although the non-saccular type did not demonstrate statistical significance in the present
study, it could be a potential factor associated with unfavorable outcomes. This type may
enhance the impact of other poor outcome factors, such as large size and incorporated
branches, particularly when they coexist. However, the present study had limitations in
fully elucidating this relationship. When technically feasible, our center has increasingly
opted for surgical treatment options for such aneurysms compared to the early stage of flow
diversion. Since most of these aneurysms are unclippable, surgical options often involve
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parent artery trapping with bypass or hybrid techniques. We plan to address this topic in a
future report.

4.3. Limitations

This study has several limitations. Conducted at a single center, its findings may not
be generalizable to other settings. The retrospective design introduces potential biases due
to incomplete or missing data and limits the ability to establish causality. The follow-up
period, although long, might still miss late complications or recurrences.

5. Conclusions

In conclusion, the combination of increased technical proficiency, advancements in
flow diverter devices, and refined patient selection criteria has led to significant improve-
ments in the success of flow diversion treatments over time. These enhancements have
collectively contributed to better aneurysm occlusion rates and reduced complication rates,
demonstrating the value of experience, technological innovation, and strategic patient
selection in optimizing treatment outcomes.
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