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Abstract

The Woven EndoBridge (WEB) device is primarily used for treating wide-neck intracranial bifurcation aneurysms under
10 mm. Limited data exists on its efficacy for large aneurysms. We aim to assess angiographic and clinical outcomes of
the WEB device in treating large versus small aneurysms. We conducted a retrospective review of the WorldWide WEB
Consortium database, from 2011 to 2022, across 30 academic institutions globally. Propensity score matching (PSM) was
employed to compare small and large aneurysms on baseline characteristics. A total of 898 patients were included. There
was no significant difference observed in clinical presentations, smoking status, pretreatment mRS, presence of multiple
aneurysms, bifurcation location, or prior treatment between the two groups. After PSM, 302 matched pairs showed signifi-
cantly lower last follow-up adequate occlusion rates (81% vs 90%, p=0.006) and higher retreatment rates (12% vs 3.6%,
p<0.001) in the large aneurysm group. These findings may inform treatment decisions and patient counseling. Future studies
are needed to further explore this area.

Keywords Aneurysms - Intracranial - WEB - Woven EndoBridge - Treatment

Introduction

The natural course of large intracranial aneurysms
(=10 mm) is typically unfavorable, and early intervention
is generally recommended [1]. According to a study from
Basel Musmar and Hamza Adel Salim contributed equally. Japan’ the yearly risk of rupture is 4.37% for aneurysms
between 10 and 24 mm in size and 33.4% for those larger

Extended author information available on the last page of the article

Published online: 31 July 2024 @ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10143-024-02527-5&domain=pdf

374 Page 2 of 11

Neurosurgical Review (2024) 47:374

than 24 mm [2]. As surgical treatment of those aneurysms
could be challenging and may cause significant complica-
tions [3, 4], several endovascular techniques had evolved
and are gradually becoming more popular as a minimally
invasive alternative to open surgery [5, 6].

The Woven EndoBridge (WEB) is a self-expanding
device made of nitinol that disrupts blood flow within the
aneurysm, acting as an intrasaccular flow diverter [7]. It is
a viable option for treating complex aneurysms that cannot
be treated with standard embolization devices or techniques,
particularly wide-neck bifurcation aneurysms [8, 9]. The
device is available in different models and sizes and has
undergone changes in the last years [10]. While the WEB
has shown good short-and mid-term results, long-term fol-
low-up data are limited, especially for larger and complex
aneurysms [10].

In this study, we conducted a multicenter cohort study to
compare the treatment outcomes and complications between
small (maximum diameter < 7.5 mm) and large (>7.5 mm)
intracranial aneurysms using the WEB device.

Methods
Patient sample

The WorldWide WEB Consortium is a synthesis of ret-
rospective databases at 30 academic institutions in North
America, South America, and Europe. A standardized data
sheet was used to identify patients with intracranial aneu-
rysms treated with WEB device, spanning from January
2011 and December 2022. All consecutive adult patients
(age >18 years) with both ruptured and unruptured sac-
cular aneurysms in all locations that were treated with
the WEB were included. Other aneurysms shapes, includ-
ing fusiform and blister aneurysms, are not suitable for
WEB device placement and, thus, were not included. The
selection of aneurysms with suitable size and neck angle
for WEB device placement was at the discretion of each
interventionalist and was not enforced by the study pro-
tocol. The following information was collected using the
standardized datasheet: patient demographics (age, gen-
der, smoking status, presentation, modified Rankin Score
(mRS), and use of antiplatelets), aneurysm characteristics
(side, size, width, location, multiple aneurysms, daughter
sac, branch arising from aneurysm, and prior treatment),
procedural details (procedure date, type of access, length
of procedure, fluoroscopy time, WEB size, and posttreat-
ment antiplatelets), complications (type, timing, location,
symptoms, duration, and additional treatment), angio-
graphic outcomes (length of imaging follow-up, immedi-
ate flow stagnation, immediate and follow-up occlusion
rate, device compaction, fate of branches arising from

@ Springer

aneurysm, and retreatment), and functional outcomes
(length of clinical follow-up, mRS at last follow-up, and
mortality). Patients who presented with ruptured aneu-
rysms were excluded. Also, patients who needed adjunc-
tive devices post-WEB were excluded. Aneurysms were
then categorized based on its maximum diameter into two
groups: 1- large aneurysms (>7.5 mm); and 2- small aneu-
rysms (< 7.5 mm). Institutional review board approval was
obtained at all centers. No identifiable patient information
was presented in the study and, thus, informed consent
was not required.

Angiographic outcomes

The angiographic outcome was assessed using digital sub-
traction angiography (DSA), MR angiography, or CT angi-
ography. Aneurysm occlusion after treatment, both imme-
diately and at last follow-up, was categorized using the
three-point occlusion scale: complete occlusion (Raymond
Roy (RR) 1), neck remnant (RR2, and aneurysm remnant
(RR3) [11]. Adequate occlusion was defined as either com-
plete occlusion or neck remnant with lack of an aneurysm
remnant.

Functional outcomes and complications

Functional outcome was assessed using mRS at the last
follow-up. Independent functional status was defined with
a mRS score of 0-2.

Thromboembolic complications occurring from the date
of the procedure up to the last follow-up were recorded.
Intra-procedural thromboembolic complications were iden-
tified on DSA as either thrombus formation, slow filling of
a previously normal filling vessel, or complete vessel occlu-
sion. Post-procedural thromboembolic complications were
identified using a combination of clinical and radiographic
findings. Post-procedural imaging was performed at the
discretion of the individual institutions. Routine screening
for clinically silent infarcts was not consistently performed.
An ischemic complication was considered symptomatic
if there were patient-reported symptoms or clinical signs
attributable to thromboembolism; this included transient or
resolving signs and symptoms. Hemorrhagic complications
were identified intra-operatively as contrast extravasation
on DSA or post-procedure imaging. Hemorrhages were
counted as symptomatic if the patient-reported symptoms
or demonstrated signs attributable to hemorrhage. Other
complications included intraprocedural device deployment
issues, air embolism, and vascular access complications.
Complications were considered permanent if still present at
a 3-month follow-up.
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Statistical analysis

The statistical analysis was conducted using R studio ver-
sion 4.2.2. Categorical variables were summarized as fre-
quencies with percentages and compared using the X 2 test
or ordinal mixed effect logistic regression for ordinal vari-
ables. Continuous variables were summarized as medians
with interquartile ranges (IQR) and compared using the
Mann—Whitney U test. Variables that were recognized as
possible confounders were selected to be included in pro-
pensity score matching (PSM). To achieve balance Hunt
Hess score variable was added to the matching process,
and the fixed ratio 1:1 PSM optimal matching method was
used. Results were considered statistically significant if
they had a P value of 0.05 or less.

ROC curves were generated to determine the optimal
cut-off points for aneurysm size based on retreatment rates.
The closest topleft criterion was employed to calculate the
optimal cut-off points, which was found to be 7.5. The area
under the curve (AUC) was 0.73, with a sensitivity of 0.68
and specificity of 0.63 (Fig. 1).

Multiple imputations were conducted with 50 impu-
tations, followed by mixed-effect logistic regression and
ordinal logistic regression. Stepwise selection was used
to select the variables to be included for each outcome
model.

Aneurysm Max Diameter Size ROC Analysis

1.0

0.8

0.6

sensitivity

0.4

0.2

7 AUC =0.73

0.0

T T T T T T T T
00 01 02 03 04 05 06 07 08 09 10

1-specificity

Fig. 1 Flowchart shows the inclusion for patients and aneurysms in
this study

Results
Patient and aneurysm characteristics

A total of 898 patients were included in this study,
with 593 having small aneurysms (maximum diame-
ter < 7.5 mm) and 305 having large aneurysms (>7.5 mm)
(Fig. 2). Most aneurysms in both groups were located in
the anterior circulation (82.4% in small vs 75.4% in large)
(p=0.009). There was no significant difference observed
in clinical presentations (cranial nerve palsy, headache/
dizziness, recurrence, seizures, weakness/numbness),
smoking status, pretreatment mRS, presence of multi-
ple aneurysms, bifurcation location, or prior treatment
(Table 1).

The median maximum diameter, neck size, dome
height and width were 6 mm, 3.5 mm, 5 mm, and 4.8 mm,
respectively, in the small aneurysms group, and 9 mm,
5 mm, 8 mm, and 7.6 mm in the large aneurysms group,
which was statistically significant (p <0.001). Aneurysm
width did not exceed 10 mm in both groups (Table 1).
The large aneurysms group had a higher rate of secondary
aneurysms compared to small aneurysms (29% vs 22%,
p=0.018).

Adult patients with intracranial aneurysm

N =2898
Before PSM
A\ v
Max Diameter<7.5 mm Max Diameter>7.5 mm
N=593 N =305
After PSM

v

Max Diameter<7.5 mm Max Diameter>7.5 mm

N =302 N =302

Fig.2 ROC curve analyses for aneurysmal size in relation to retreat-
ment rate
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Table 1 Comparison of baseline characteristics between small and large aneurysms before and propensity score matching
Variable Before PSM After PSM
Max Diam- Max Diam- P? Max Diam- Max Diam- P’
eter<7.5 mm, eter>7.5 mm, eter<7.5 mm, eter>7.5 mm,
N=593 (66%)’ N=305 (34%)’ N=302 (50%)’ N=302 (50%)’
Gender 0.45 0.32
Female 434 (73) 216 (71) 225 (75) 214 (71)
Male 159 (27) 89 (29) 77 (25) 88 (29)
Age (years) 61 (52, 68) 63 (56,71) 0.004 62 (56,71) 63 (56, 71) 0.97
Smoking Status 0.68 0.74
Current 179 (35) 92 (32) 78 (29) 91 (32)
Former 146 (28) 83 (29) 82 (30) 82 (29)
Never 189 (37) 113 (39) 111 (41) 113 (40)
Presentation Type 0.26 0.97
CN Palsy 7(1.2) 8(2.6) 7(2.3) 8 (2.6)
Headache/Dizziness 80 (13) 43 (14) 43 (14) 43 (14)
Incidental/Asymptomatic 488 (82) 239 (78) 240 (79) 236 (78)
Recurrence 5(0.8) 7(2.3) 4 (1.3) 7(2.3)
Seizures 5(0.8) 3(1.0) 3(1.0) 3(1.0)
Weakness/Numbness 8(1.3) 5(1.6) 5(L.7) 5(1.7)
Pre-treatment Modified Rankin 0.92 0.55
Scale
0 454 (82) 241 (81) 236 (82) 239 (81)
1 66 (12) 35(12) 36 (13) 35(12)
2 21(3.8) 12 (4.0) 12 (4.2) 12 (4.1)
3 10 (1.8) 8(2.7) 3(1.0) 8(2.7)
4 1(0.2) 1(0.3) 1(0.3) 0(0)
5 1(0.2) 0(0)
Aneurysm Location 0.009 0.92
Anterior cerebral artery 206 (35) 80 (26) 88 (29) 80 (26)
Vertebrobasilar artery 103 (17) 74 (24) 64 (21) 72 (24)
Internal carotid artery 103 (17) 43 (14) 44 (15) 43 (14)
Middle cerebral artery 180 (30) 107 (35) 105 (35) 106 (35)
Posterior cerebral artery 1(0.2) 1(0.3) 1(0.3) 1(0.3)
Bifurcation Aneurysm 455 (81) 237 (78) 041 232(79) 234 (78) 0.72
Multiple Aneurysms 191 (34) 112 (38) 0.31 107 (37) 111 (38) 0.88
Prior Treatment 37(6.4) 23 (7.8) 044 18 (6.2) 23(7.9) 0.42
Aneurysm Neck Size (mm) 3.50 (3.00, 4.20) 5.00 (4.00, 6.00) <0.001 3.60 (3.00, 4.30) 5.00 (4.00, 6.00) <0.001
Maximum Aneurysm Diameter 6.00 (5.00, 6.00) 9.00 (8.00, 10.00) <0.001 6.00 (5.00, 7.00) 9.00 (8.00, 10.00) <0.001
(mm)
Aneurysm Height (mm) 5.00 (4.00, 6.00) 8.00 (7.00, 9.60) <0.001 5.00 (4.10, 6.00) 8.00 (7.00, 9.63) <0.001
Aneurysm Width (mm) 4.80 (4.00, 5.70) 7.60 (6.40, 8.80) <0.001 5.00 (4.00, 5.88) 7.60 (6.40, 8.88) <0.001
Secondary Aneurysm 114 (22) 84 (29) 0.018 83 (30) 82 (29) 0.74
Branch Arising from Aneurysm 53 (9.5) 50 (17) 0.002 44 (15) 47 (16) 0.83

! n (%); Median (IQR)

2 Pearson’s Chi-squared test; Wilcoxon rank sum test; Fisher’s exact test

Treatment and outcomes

Femoral access was the most common approach used
in most aneurysms (Table 2). The median length of

@ Springer

angiographic follow-up was 14 months in the large aneu-
rysm group and 15 months in the small aneurysm group

(p=0.97). At the last follow-up, adequate aneurysm
occlusion was significantly higher in the small aneurysm

group (90%, 431/477) compared to large aneurysms (81%,
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Table 2 treatment outcomes of small and large aneurysms before and after propensity score matching

Variable Before PSM After PSM
Max Diam- Max Diam- P? Max Diam- Max Diam- P?
eter<7.5 mm, eter>7.5 mm, eter<7.5 mm, eter>7.5 mm,
N=593 (66%)’ N=305 (34%)’ N=302 (50%)’ N=302 (50%)’
WEB Device Type 0.16 0.7
DL 16 (2.8) 14 (4.8) 10 (3.5) 13 (4.5)
SL 492 (86) 239 (82) 234 (81) 237 (82)
SLS 64 (11) 40 (14) 45 (16) 40 (14)
Access Route 0.087 0.63
Femoral 512 (86) 254 (83) 254 (84) 253 (84)
Radial 81 (14) 49 (16) 48 (16) 47 (16)
Ulnar 0(0) 2(0.7) 0 (0) 2(0.7)
Thromboembolic Complications 21 (3.5) 18 (5.9) 0.1 124.0) 18 (6.0) 0.26
Timing of Thromboembolic Com- 0.84 0.88
plications
Intraop 10 (48) 8 (44) 5(42) 8 (44)
Postop 11 (52) 10 (56) 7(58) 10 (56)
Duration of Thromboembolic 0.71 >0.99
Complications
Permanent 5(38) 5@31) 3 (33) 5@31)
Transient 8 (62) 11 (69) 6 (67) 11 (69)
Hemorrhagic Complications 6(1.1) 6 (2.0) 0.36 3(1.0) 62.1) 0.5
Timing of Hemorrhagic Compli- 0.57 0.17
cations
Intraop 4(67) 2 (33) 3 (100) 2(33)
Postop 2 (33) 4(67) 0(0) 4(67)
Duration of Hemorrhagic Com- >0.99 >0.99
plications
Permanent 2 (33) 2 (40) 1(33) 2 (40)
Transient 4(67) 3 (60) 2 (67) 3 (60)
Other Complications 30(5.9) 19 (6.9) 0.57 16 (6.0) 19 (6.9) 0.67
Type of Other Complications 0.9 0.82
Access site complication 1(4.5) 1(9.1) 0 (0) 19.1)
Air embolus 1 (4.5) 00
Contrast reaction 29.1) 0(0)
Deployment issue 7 (32) 5 (45) 5 (45) 5 (45)
Groin Hematoma 1(4.5) 19.1) 0 (0) 109.1)
Hematoma/Pseudoaneurysm 10 (45) 4 (36) 6 (55) 4 (36)
Duration of Other Complications
Transient 11 (100) 8 (100) 6 (100) 8 (100)
Antiplatelet Therapy 520 (88) 246 (81) 0.004 266 (88) 244 (81) 0.017
Last Clinical Follow-Up 12 (5, 23) 13 (6,27) 0.083 11 (5,20) 13 (6,27) 0.036
Last Modified Rankin Scale 0.2 0.18
0 438 (80) 220 (76) 219 (79) 218 (76)
1 74 (13) 39 (13) 39 (14) 39 (14)
2 18 (3.3) 10 (3.5) 11 (4.0) 10 (3.5)
3 9(1.6) 7(2.4) 3(1.1) 7(2.4)
4 4(0.7) 2(0.7) 4(1.4) 2(0.7)
5 1(0.2) 1(0.3) 0(0) 1(0.3)
6 5(0.9) 10 (3.5) 2(0.7) 10 (3.5)
Last mRS 0-1 512 (93) 259 (90) 0.065 258 (93) 257 (90) 0.17
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Table 2 (continued)
Variable Before PSM After PSM
Max Diam- Max Diam- P’ Max Diam- Max Diam- P’
eter<7.5 mm, eter>7.5 mm, eter<7.5 mm, eter>7.5 mm,
N=593 (66%)’ N=305 (34%)’ N=302 (50%)’ N=302 (50%)’
Last mRS 0-2 530 (97) 269 (93) 0.024 269 (97) 267 (93) 0.044
Last mRS 6 (Mortality) 5(0.9) 10 (3.5) 0.008 2 (0.7) 10 (3.5) 0.023
Last Imaging Follow-Up 15 (6, 24) 14 (6, 25) 0.97 14 (6,22) 14 (6, 24) 0.57
Immediate Flow Stagnation 505 (90) 276 (92) 0.34 265 (92) 273 (92) 0.92
Immediate Raymond-Roy Clas- 0.004 0.17
sification
1 176 (31) 60 (21) 77 (27) 60 (21)
2 115 (20) 69 (24) 56 (20) 68 (24)
3 272 (48) 162 (56) 149 (53) 160 (56)
Last Follow-Up Raymond-Roy <0.001 <0.001
Classification
1 317 (66) 125 (47) 168 (70) 125 (48)
2 114 (24) 89 (34) 48 (20) 87 (33)
3 46 (9.6) 50 (19) 25 (10) 50 (19)
Adequate Occlusion (RR1+RR2) 431 (90) 214 (81) <0.001 216 (90) 212 (81) 0.006
Inadequate Occlusion (RR3) 46 (9.6) 50 (19) <0.001 25 (10) 50 (19) 0.006
Compaction 0.29 0.034
Same 225 (59) 122 (54) 128 (65) 122 (54)
Minor 123 (32) 75 (33) 56 (28) 73 (33)
Major 3509.1) 29 (13) 13 (6.6) 29 (13)
Major Compaction 359.1) 29 (13) 0.15 13 (6.6) 29 (13) 0.03
Retreatment Required 22 (3.7) 37 (12) <0.001 11 (3.6) 37 (12) <0.001
Type of Retreatment 0.047 0.013
Clipping 2(9.1) 2(54) 0(0) 2(54)
Coiling 4 (18) 6 (16) 19.1) 6 (16)
Contour 1(4.5) 00
Endovascular techniques 5(23) 12.7) 4 (36) 12.7)
FD 4 (18) 5(14) 327 5(14)
SAC 5(23) 21 (57) 2 (18) 21 (57)
WEB 1(4.5) 2(5.4) 19.1) 2(54)

'n (%); Median (IQR)

2 Pearson’s Chi-squared test; Wilcoxon rank sum test; Fisher’s exact test

214/264) (p <0.001). The rate of retreatment was signifi-
cantly higher in the large aneurysms group (12%) com-
pared to small aneurysms (3.7%) (p <0.001) (Table 2).

The majority of patients had a mRS of 0 at last follow-
up, and a comparison in mRS scores is reported in Table 2.
There was no significant difference observed between
the two groups in terms of thromboembolic complica-
tions (p=0.1), and hemorrhagic complications (p =0.36)
(Table 2).

Propensity score matching

PSM was used to match both groups by age, gender, smok-
ing status, presenting signs/symptoms, pretreatment mRS,

@ Springer

bifurcation location, presence of multiple aneurysms, previ-
ous treatment, daughter sacs, and the presence of aneurysmal
branch. This resulted in 302 matched pairs (Tables 1 and 2).

After PSM, the large aneurysm group had a significantly
lower adequate occlusion rate at last follow-up compared to
the small aneurysm group (81%, 212/262, vs. 90%, 216/241,
p=0.006). Retreatment was needed more frequently in the
large aneurysm group (12%) compared to the small aneu-
rysm group (3.6%) (p <0.001).

In terms of the mRS score at last follow-up, patients in
the large aneurysm group achieved lower rates of good func-
tional outcomes (mRS 0-2) compared to the patients in the
small aneurysm group (93% vs. 97%, p=0.044). The same
was observed regarding mortality rates where patients in
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the large aneurysm group had a higher mortality rate com-
pared to those in the small aneurysm group (3.5% vs. 0.7%,
p=0.023) There were no significant differences observed
in thromboembolic complications, hemorrhagic complica-
tions, or any of the other complications rates between the
two groups.

Discussion

The aim of this multicenter cohort study was to compare the
angiographic and clinical outcomes between small (maxi-
mum diameter < 7.5 mm) and large (>7.5 mm) aneurysms
using the WEB device. After matching patient and aneu-
rysms characteristic between both groups, small aneurysms
were associated with significantly higher rate of adequate
occlusion at last follow-up (90%. vs. 81%), and significantly
lower rate of retreatment. (3.6% vs 12%).

Large aneurysms pose a greater threat compared to
smaller aneurysms due to increased risk of rupture and more
complex treatment procedures [12]. Due to the higher risk
of rupture in large aneurysms, early surgical or endovas-
cular treatment may be warranted. Endovascular treatment
using coil embolization is technically challenging for large
aneurysms due to longer procedure times, low packing den-
sity, and high recurrence rates [13—17]. For wide-necked
aneurysms, assistive devices like stents or balloons are often
needed to prevent coil migration. Chalouhi et al. [1] reported
immediate complete aneurysm occlusion of large aneurysms
(> 10 mm) in 87.6% of aneurysms. Complications occurred
in 10.5% of patients, with 1 death (0.3%). Recanalization
and retreatment rates were 39% and 33%, respectively.
Larger aneurysm size was a predictor of poor outcomes.
The effectiveness of using coil embolization to treat large
aneurysms is limited due to several factors. Firstly, coils are
unable to produce permanent thrombosis, which is neces-
sary for successful treatment. Secondly, there may already
be thrombosis present inside the aneurysm at the time of
treatment, which can make it challenging to pack the coils
effectively. Lastly, coils may not be able to fully reconstruct
the endothelial lining of the neck, leading to poor treatment
outcomes. Even after a period of 2—6 months following coil
treatment, there is often no observed improvement in the
thrombus organization or endothelization of the neck [18,
19].

The use of flow diverters has emerged as a highly promis-
ing alternative for treatment of sidewall complex aneurysms,
particularly in cases where intrasaccular coil embolization
may not be suitable [20]. Unlike coil embolization, flow
diverters are not limited by the same drawbacks and have
been FDA-approved for the treatment of large aneurysms
located in the petrous to superior hypophyseal segment of
the internal carotid artery [20]. Over time, the scope of their

application has expanded to include a wide range of aneu-
rysms, including those that have been previously treated, are
acutely ruptured, small-sized, located in the posterior circu-
lation, or classified as non-saccular lesions such as fusiform,
dissecting, and pseudoaneurysms [20]. Kim et al. [21] con-
ducted a multicenter study on the treatment of 47 aneurysms
with a size of 15 mm or smaller using the Pipeline Embo-
lization Device (PED). According to their report, 77.4% of
aneurysms achieved complete occlusion after a median fol-
low-up of 3 months. However, treatment-related morbidity
was observed in 4.4% of cases, with ischemic stroke being
the main cause. The use of flow diversion stents is limited in
bifurcation aneurysms due to concerns of branch occlusion
and thromboembolic complications.

The WEB device is a new type of intrasaccular flow dis-
ruptor that has been developed specifically to treat wide-
necked bifurcation aneurysms in certain cases without the
need for dual antiplatelet therapy [22, 23]. This has been
demonstrated in studies such as the WEB-IT trial, where
only 11% of patients were using dual antiplatelet therapy at
the 6-month follow-up visit [22]. However, large aneurysms
with width greater than 10 mm cannot typically be treated
using WEB, given the current maximum size of 11X9.6 mm
and adequate lateral wall-apposition is critical to ensure
flow disruption at the aneurysm neck [24]. However, this
has not stopped the off-label use of WEB for treatment of
large aneurysms with maximum diameter of >10 mm if the
width remains within the available device size. A study was
conducted by Khalid et al. [10] to evaluate the efficacy of
WEB in large, complex intracranial aneurysms. A total of
16 patients were included. The mean aneurysm size was
11.3+ 1.7 and the median follow-up was 36 months. Aneu-
rysms were predominantly located at the basilar artery bifur-
cation and anterior communicating artery. Three out of six-
teen aneurysms were ruptured. Despite achieving complete
occlusion immediately in 75% of intracranial aneurysms, 7
out of 15 cases (46.7%) required retreatment, mainly due
to increasing neck remnants and recurrences after 1-year
follow-up [10].

In the present study, the use of WEB in the small and
large aneurysm groups showed a significant difference in
the rates of complete occlusion at the last follow-up, with
the small aneurysm group having higher rates of occlusion.
The retreatment rates were also significantly different, with
the small aneurysm group having lower retreatment rates.

Limitations

Our study has a few limitations that must be considered.
Firstly, since it is a retrospective study, there is a possibil-
ity of incomplete data sets, selection bias, and unidentified
confounders. To counteract this, we utilized PSM to bal-
ance the two groups and minimize the risk of selection bias.
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However, it is important to note that PSM only controls for
measured confounders, not unmeasured ones, and thus does
not replace randomization. Secondly, as our study included
multiple institutions, there may be variability in patient man-
agement, aneurysm measurement, and device compaction
rate. Nonetheless, the use of a standardized data sheet across
all centers and a large sample size may increase the gener-
alizability of the findings. However, it is worth mentioning
that we lacked a core laboratory to objectively evaluate the
radiologic outcomes of the degree of aneurysm occlusion.

Conclusion

The current study provides valuable insights into the differ-
ences between large and small aneurysms in terms of patient
and aneurysmal characteristics, treatment approaches, and
outcomes. The results showed a significantly lower occlu-
sion rate and higher retreatment rate in large aneurysms
compared to small aneurysms. These findings may help
guide treatment decisions and patient counseling.
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