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Impact of A1 Asymmetry on the Woven EndoBridge Device in
Anterior Communicating Artery Aneurysms

J. Cortese, J. Caroff, J.-B. Girot, C. Mihalea, V. Da Ros, G. Aguiar, A. Elawady, L. Ikka, S. Gallas, A. Ozanne,
V. Chalumeau, A. Rouchaud, J. Moret, and L. Spelle

ABSTRACT

BACKGROUND AND PURPOSE: Woven EndoBridge (WEB) devices are increasingly used to treat intracranial aneurysms. A1 asymmetry
contributes to anterior communicating artery aneurysm formation and to treatment instability after coiling. We sought to evaluate
whether A1 asymmetry had an impact on angiographic outcome in anterior communicating artery aneurysms treated with the WEB.

MATERIALS AND METHODS: Anterior communicating artery aneurysms treated between July 2012 and July 2020 with the WEB from
an institutional review board–approved database were reviewed. A1 asymmetry was categorized as the following: absence of the
A1 segment on 1 side (unilateral A1) versus bilateral A1. Univariate and multivariable analyses assessed independent predictors of
adequate (WEB Occlusion Scale A, B, and C) and complete occlusion (WEB Occlusion Scale A and B).

RESULTS: Forty-eight individual aneurysms (47 patients) were included in the final analysis, of which 16 (33%) were acutely ruptured.
The mean size was 6.5 (SD, 2.2) mm. Adequate and complete occlusion was achieved in 33 (69%) and 30 (63%) cases, respectively.
Unilateral A1 was associated with significantly higher rates of adequate (92% versus 60% for bilateral A1; P¼ .03) and complete
occlusion (92% versus 50% for bilateral A1; P, .01). Multivariable logistic regression confirmed unilateral A1 as an independent pre-
dictor of both adequate (OR¼ 10.6; 95% CI, 1.6–220.7; P¼ .04) and complete occlusion (OR ¼ 9.5, 95% CI, 1.5–190.2; P¼ .04. A sensi-
tivity analysis comparing unilateral “functional” A1 with bilateral “functional” A1 showed similar results. WEB shape modification was
not influenced by the unilateral A1 configuration (P¼ .70).

CONCLUSIONS: Anterior communicating artery aneurysms with a unilateral A1 configuration treated with WEB devices are associ-
ated with better angiographic outcome than those with bilateral A1. This finding supports the hypothesis that WEB devices are re-
sistant to unilateral flow in the aneurysm as opposed to coils.

ABBREVIATIONS: ACoA ¼ anterior communicating artery; WOS ¼ WEB Occlusion Scale; WShM ¼ WEB shape modification

The efficacy and safety of the Woven EndoBridge device
(WEB; MicroVention) have been widely reported in several

observational studies and in prospective trials.1,2 The device is
now a reliable option for the treatment of wide-neck aneurysms.
Two recent meta-analyses of WEB device use found that overall

rates of complete and adequate occlusion were 53% and 80%–
83.3%, respectively.3,4

The anterior communicating artery (ACoA) is a preferred site
for aneurysms,5 and aneurysms in this location tend to have a
higher risk of rupture than aneurysms in other locations.6,7

Because of the wide variety and complexity of the anterior com-
municating artery anatomy, ACoA aneurysms are usually consid-
ered the most complex ones to treat. Several endovascular devices
(coils, stent-assisted coiling, and flow diverters) have been specifi-
cally reported in this location to overcome this challenge.8-10

Most pointed out the role of A1 asymmetry on the angiographic
outcome.8,10 In this situation, the WEB device appears to be an
appealing solution: It can be used in wide-neck aneurysms with-
out a stent. However, the influence of the ACoA anatomy on
WEB devices is not known.

Here, we aimed to report the angiographic outcomes of
ACoA aneurysms treated with the WEB and to determine
whether A1 asymmetry has an impact on the treatment outcome.
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MATERIALS AND METHODS
Data-Sharing Statement
Study data are available from the corresponding author on rea-
sonable request.

Ethical Statement
The French Ethical Committee for Research in Medical Imaging
approved this study (institutional review board number CRM-
2101–127). Informed consent was obtained for every patient.

Study Design
In our tertiary care center (Neuri center, Bicêtre Hospital,
France), we retrospectively queried the prospectively acquired
database of patients with aneurysms treated with WEB devices
between July 2012 and July 2020. Consecutive, ruptured or
unruptured ACoA aneurysms treated with WEB were included.
Patients were excluded under the following circumstances: No
follow-up angiograms for at least 3months after treatment were
available; treatment with a WEB was used as a retreatment strat-
egy in a recanalized coiled aneurysm; or the aneurysm was
secondary to another vascular malformation (eg, brain arterio-
venous malformation).

The primary outcome was adequate angiographic occlusion,
defined as a score on the WEB Occlusion Scale (WOS) of A, B or
C. The secondary outcome was angiographic complete occlusion
(WOS A or B).

A1 Asymmetry Assessment
We classified A1 asymmetry using a 4-point grading scale,
inspired by previous studies,8,10 on the basis of A1 segment size
and functionality (Fig 1) as follows: grade H1, both A1 segments
are the same size (ie, symmetric A1s); grade H2, the A1 segment
is smaller (hypoplastic) on 1 side but large enough for an opacifi-
cation of the A2 segment with an ipsilateral injection (ie, asym-
metric sizes but both functional A1s); grade H3, the A1 segment
is very hypoplastic on 1 side, the A2 segment on that side is not
opacified following ipsilateral injection of contrast agent, and
both A2 segments are only opacified following injection from the
dominant side (ie, asymmetric size and a nonfunctional hypo-
plastic side); and grade Y, the A1 segment is absent on 1 side
(aplastic).

A1 segment anatomy was reported as “unilateral A1” (ie, grade
Y) or otherwise “bilateral A1” (ie, grade H1 1 H2 1 H3). For a
sensitivity analysis, we also dichotomized A1 segment anatomy
using a more functional approach: unilateral “functional” A1
(grade H31 Y) versus bilateral functional A1 (grade H11H2).

Imaging Analysis
Angiographic results were analyzed by 2 expert interventional
radiologists (blinded to the clinical data) including 1 working in a
different hospital and not involved in the treatment or follow-up.
For this study, we used the WOS 4-point grading scale,11 as fol-
lows: complete occlusion (WOS A), near-complete occlusion
(WOS B), neck remnant (WOS C), and aneurysm remnant
(WOS D). Discrepancies were resolved by a third neuroradiolo-
gist not involved in the treatment.

We report the following aneurysm characteristics: size
(including width/neck ratio and aspect ratio [height/neck]) and

shape (rated as regular [smooth aneurysm surface on 3D] versus
irregular [in case of a bleb or multilobar shape]).

WEB shape modification (WShM) refers to a loss of device
height occurring during the follow-up.12,13 WShM was quantita-
tively defined as a ratio (percentage) defined as

FIG 1. Grading scale for A1 segments. A, Grade H1: A1 segments are
symmetric. B, Grade H2: The A1 segment is smaller on 1 side, but opa-
cification of the A2 segment on that side is observed following ipsi-
lateral injection (ie, asymmetric A1s but both functional). C, Grade H3:
The A1 segment is very hypoplastic on 1 side, the A2 segment is not
opacified from the ipsilateral injection, and A2 segments are only
opacified with injection from the dominant side (ie, asymmetric A1s
and a nonfunctional hypoplastic side). D, Grade Y: The A1 segment is
absent on 1 side (aplastic). Blue filling represents opacification after
injection from the side with the blue arrow. Grade Y corresponds to
unilateral A1, and grade H31 Y, to unilateral functional A1.
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WShM %ð Þ ¼ 1� d finalð Þ
dðinitialÞ

� �� �
� 100;

with “d(initial)” the distance between the WEB proximal and dis-
tal markers after detachment, and “d(final)” the distance between
the same 2 markers on last follow-up. The distance between the
markers of the WEB was measured on cross-sectional images
obtained with conebeam CT (VasoCT; Philips Healthcare) per-
formed after WEB detachment and at each follow-up.14

Antiplatelet Regimen
In unruptured cases, patients received aspirin (160mg per day)
and ticagrelor (90mg twice per day) the day before WEB implan-
tation, and oral treatment was discontinued if not needed
(depending on eventual WEB protrusion or use of a stent). In
ruptured aneurysms, no antiplatelet regimen was used. For either
ruptured or unruptured aneurysms, treatment was performed
with the patient under systemic heparinization (50-UI/kg intrave-
nous bolus followed by 20–40 IU/kg/h) that was stopped at the
end of the procedure.

WEB Indication and Selection
The decision for WEB treatment of unruptured aneurysms was
made by multidisciplinary consensus. For acutely ruptured
aneurysms, selection of the treatment strategy was left to the op-
erator. The main indication for using a WEB was a wide-neck
bifurcation aneurysm.

In our database, 5 generations of WEB devices were
used,15,16 corresponding to the different evolutions of the
WEB device. We separated the “previous generation” (ie, gen-
erations 1–4), from the “fifth generation” (newest generation
available). We also reported WEB devices: Double-Layer
(WEB-DL), Single-Layer (WEB-SL), or Single Layer Sphere
(WEB-SLS) as chosen by the operator. Devices were delivered
through VIA catheters (MicroVention): VIA-17 or 27
depending on the size, or VIA-21–33 for older procedures.
The operator used measurements (width, height, and neck of
the aneurysm in at least 2 orthogonal projections) from 3D
rotational angiograms to select the WEB size and followed
the usual guidelines for the sizing: oversizing the width by
1or 2mm.17

Statistical Analysis
Continuous variables are reported as mean (SD) if normally dis-
tributed or as median (interquartile range), while categoric varia-
bles are expressed as frequency (percentage). We explored the
following: 1) “adequate occlusion” (WOS A, B, and C) versus
“aneurysm remnant” (WOS D), and 2) “complete occlusion”
(WOS A and B) versus “incomplete occlusion” (WOS C and D).
A x2 or Fisher exact test was used to evaluate qualitative factors
as appropriate, and a Student t test or Wilcoxon U test was used
to assess quantitative variables as appropriate.

Multivariable logistic regression analysis was performed using
all candidate variables (P, .2 in the univariate analysis). For
selected variables, ORs with 95% CIs and a P value of the likeli-
hood-ratio test are given. No adjustment for multiple testing was
performed, and analyses are regarded as explorative. To further

test the impact of A1 asymmetry, we assessed a sensitivity analysis
to test unilateral functional A1 (grades H3 1 Y) versus bilateral
functional A1 (grades H11 H2). P values, .05 were considered
statically significant. All statistical analyses were performed using
R statistical and computing software (Version 3.6.1; http://www.
r-project.org/).

RESULTS
Patient, Aneurysm, and Anatomic Characteristics
A total of 48 independent ACoA aneurysms treated with WEB
devices in 47 patients were included in the analysis (Table 1
and Fig 2, patient flow chart). There were no missing data in
the analysis. The mean age was 58.4 (SD, 11.2 ) years (range,
37–90 years), and 26 patients (54.2%) were women. Sixteen
aneurysms (33.3%) were acutely ruptured cases. The mean
maximum aneurysm diameter was 6.5 (SD, 2.2) mm (range,
3.1–13.1mm).

A unilateral A1 segment (grade Y) was noted in 13 cases
(27.1%), whereas 20 cases (41.7%) had symmetric A1 seg-
ments (grade H1). Grades H2 and H3 were noted in 9
(18.8%) and 6 (12.5%) cases, respectively. Both groups, uni-
lateral A1 and bilateral A1, had similar aneurysm sizes: 7.1
(SD, 2.5) mm and 6.0 (SD, 1.9) mm, respectively. The aneu-
rysm was systematically treated from the side with the largest
A1 segment. If the sides were symmetric, the side with the
more direct angle to the aneurysm was chosen (11 of 20 pro-
cedures were from the right side).

Table 1: Baseline characteristics and angiographic outcomesa

Baseline Aneurysm Characteristics All (n= 48)
Age (mean) (yr) 58.4 (SD, 11.2)
Women 26 (54.2)
Cardiovascular risk factor 25 (52.1)
Current smoker 7 (14.6)
Acutely ruptured 16 (33.3)
Irregular aneurysm 19 (39.6)
Maximum diameter (mean) (mm) 6.5 (SD, 2.2)
Aneurysm height (mean) (mm) 5.0 (SD, 1.8)
Aneurysm neck (mean) (mm) 3.8 (SD, 1.1)
Aneurysm width (mean) (mm) 5.1 (SD, 1.7)
Aspect ratio (height/neck) (mean) 1.27 (SD, 0.39)
Width/neck ratio (mean) 1.28 (SD, 0.27)
Unilateral A1 (grade Y) 13 (27.1)
Unilateral functional A1 (grade H31Y) 19 (39.6)

Baseline treatment characteristics
Type of WEB
WEB-DL
WEB-SL
WEB-SLS

2 (4.2)
37 (77.1)
9 (18.8)

WEB device generation
Fifth generation
Previous generations

30 (62.5)
18 (37.5)

Additional stent 2 (4.7)
Angiographic outcomes
Adequate occlusion 33 (68.8)
Complete occlusion 30 (62.5)
Aneurysm remnant 15 (31.2)

WShM (median) (IQR) (%) 31 (11–51)

Note:—IQR indicates interquartile range.
a Data are presented as number (%) unless otherwise indicated.
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Treatment Characteristics and Outcomes
The WEB-SL was used in most cases (37/48, 77.1%), and 30/48
(62.5%) of devices used were fifth generation. Two aneurysms
(4.2%) were also stented due to protrusion of the WEB into the
parent artery. In both cases, a stent was used as a rescue technique
because of WEB protrusion in the parent artery; 1 patient had a
grade H1 ACoA configuration, and the other had a grade Y.

The median last follow-up was 12.2 months (range, 3–
65months). Adequate occlusion and complete occlusion were
observed in 33/48 (68.8%) and 30/48 (62.5%) cases, respectively.
The median WEB shape modification ratio at last follow-up was

31% (interquartile range ¼ 11%–50.8%) and was similar in both
adequate occlusion (30%) and aneurysm remnant groups (35%,
P¼ .40). Angiographic outcome was also similar between rup-
tured and unruptured aneurysms (P¼ .99).

A1 Asymmetry as a Predictor of Angiographic Outcome
Unilateral A1 was associated with significantly higher rates of
adequate (92.3% versus 60.0% for bilateral A1; P¼ .03) and com-
plete occlusion (92.3% versus 51.4% for bilateral A1; P, .01).
Other candidate variables for adequate occlusion were irregular
shape (P¼ .19) and aspect ratio (P¼ .19), and for complete
occlusion, they were irregular shape (P¼ .08) and age (P¼ .11).

Finally, unilateral A1 was not associated
with WEB shape modification (P¼ .70).

Unilateral A1 was confirmed as
an independent predictor for both
adequate (OR= 10.6; 95% CI, 1.6–220.7;
P¼ .04) and complete occlusion (OR=
9.5; 95% CI, 1.5–190.2; P¼ .04). None
of the other variables were independent
predictive factors of adequate or com-
plete occlusion in this population.
Detailed results of univariate and multi-
variable analyses for adequate and com-
plete occlusion are presented in Table 2
and the Online Supplemental Data,
respectively.

A sensitivity analysis comparing
unilateral functional A1 (grade H3 1

Y) versus bilateral functional A1
(grade H1 1 H2) showed similar
results. The adequate occlusion rate
was 58.6% in grade H1 1 H2 versus
84.2% in grade H3 1 Y (P¼ .06), and
the complete occlusion rate was
48.3% in grade H1 1 H2 versus
84.2% in grade H3 1 Y (P¼ .01),
leading to an adjusted OR = 4.2; 95%
CI, 1.01–22.87 (P¼ .06) for adequate

Table 2: Univariate analysis and multivariable logistic regression for angiographic adequate occlusion of ACoA aneurysms treated
with WEBa

Variables
Univariate Analysis Multivariable Analysis

Adequate Occlusion (n= 33) Aneurysm Remnant (n= 15) P Value ORa (95% CI) P Value
Age (mean) (yr) 59.1 (SD, 12) 56.9 (SD, 8) .45
Women 19 (58) 8 (53) .78
Cardiovascular risk factors 17 (52) 8 (53) .91
Current smoker 5 (15) 2 (13) .87
Ruptured aneurysm 11 (33) 5 (33) .99
Irregular aneurysm 11 (33) 8 (53) .19 0.54 (0.13–2.17) .38
Aspect ratio (mean) 1.32 (SD, 0.37) 1.15 (SD, 0.40) .19 5.98 (0.84–64.79) .10
Width/neck ratio (mean) 1.27 (SD, 0.27) 1.29 (SD, 0.28) .84
Neck (mean) (mm) 3.77 (SD, 1.13) 3.79 (SD, 1.20) .97
Unilateral A1 12 (36) 1 (7) .03 10.6 (1.6–220.7) .04
WEB-SL 27 (82) 10 (67) .39
Fifth-generation WEB device 20 (61) 10 (67) .69
WShM (median) (IQR) (%) 30 (11–48) 35 (19–52) .40

Note:—ORa indicates adjusted odds ratio.
a Data are presented as number (%) unless otherwise indicated.

FIG 2. Patient flow chart.
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occlusion and an adjusted OR = 5.5; 95% CI, 1.31–30.42
(P¼ .03) for complete occlusion. Table 3 presents the rate of
angiographic adequate occlusion at each step of the 4-point
grading scale that we used to describe A1 asymmetry.

DISCUSSION
Impact of ACoA Anatomic Configuration on WEB Devices
Our study of 48 ACoA aneurysms treated with the WEB device,
in which we eliminated potential confounding factors using mul-
tivariate analysis, showed that unilateral A1 is a strong independ-
ent predictor of both adequate and complete occlusion (Fig 3,
illustrative case). When an A1 segment was aplastic on 1 side
(grade Y), leading to a unique unilateral blood flow entering the
aneurysm, complete occlusion reached 93%. As intended by the
sensitivity analysis, it seems that the definition of unilateral A1

could be extended to the absence of a functional A1 segment,
which includes grade H3 in the definition.

Absence of an A1 segment on one side or the other of the
ACoA shifts the anterior communicating complex from an “H-
shape” to a “Y-shape.” It is possible that the angle between the an-
eurysm and the A1 segment on the side used for treatment may
also partly explain the better results achieved in the Y-shaped
ACoA. Like other termination locations (eg, basilar artery, mid-
dle cerebral artery bifurcation), Y-shaped “true bifurcation”
aneurysms are more “straightforward,” enabling better position-
ing of the WEB device and subsequent sealing of the neck, which
plays a important role in aneurysm occlusion.18 However, in our
experience, complex anatomy with unfavorable angles of
approach can be overcome with the balloon-assisted WEB
remodeling technique.19

Another interesting result was the absence of significant dif-
ference in WEB shape modification between the unilateral A1
and bilateral A1 groups. This supports the hypothesis that this
phenomenon is not only correlated to outside arterial flow but is
under the influence of multifactorial events like the biologic heal-
ing response inside the WEB device.12,20

Comparison with Other Devices
An asymmetric A1 segment of the anterior cerebral arteries, with
1 side dominating the other, is a known risk factor for ACoA an-

eurysm formation and rupture.21-23

Several hypotheses have been proposed
to explain the role of the anterior com-
municating complex anatomy in the for-
mation of aneurysms, including wall
shear stress and arterial blood flow.21,24

In contrast to our findings using
WEB devices, Tarulli et al10 demon-
strated that an asymmetric A1 was asso-
ciated with unstable occlusion in coiled
aneurysms, leading to higher rates of
incomplete occlusion at follow-up. They
hypothesized that substantial blood flow
in 1 spot at a bifurcation may lead to
formation of aneurysms that, after treat-
ment with coils, are predisposed to
molding and flattening of coil masses,
resulting in an increased incidence of
aneurysm remnants. The paradigm shift
offered by extra- and intrasaccular flow-
diversion devices may be of interest in
this situation because it prevents the
blood flow from entering the aneurysm.
Pagiola et al8 recommended avoiding
flow-diverter stents in grade Y ACoA
aneurysms because of the risk of throm-
boembolic complications. Moreover,
they also reported higher complication
rates and lower rates of aneurysm occlu-
sion when the A1 segments were highly
asymmetric (grade H3). Here, our results
suggest that the WEB, an intrasaccular

Table 3: Angiographic aneurysm occlusion depending on A1
asymmetry grading
A1 Asymmetry Grading Scale Adequate Occlusion No. (%)
Bilateral functional A1 17/29 (59)
H1 (n¼ 20) 12 (60)
H2 (n¼ 9) 5 (55)

Unilateral functional A1 16/19 (84)
H3 (n¼ 6) 4 (67)
Y (n¼ 13) 12 (92)

FIG 3. Illustrative case of a ACoA aneurysm treated with a WEB device (A and B). The contralat-
eral A1 segment is absent, rendering a Y-shape to the ACoA anatomy. Last control angiogram at
1-year follow-up demonstrates complete occlusion (C and D).
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flow-diversion device, could prevent the 1-sided blood flow from
entering the aneurysm sac, without risking the patency of covered
arterial branches.

To summarize, the WEB device could represent the best option
for the treatment of a wide-neck ACoA aneurysm with a unilateral
A1 configuration (especially if acutely ruptured): 1) It is resistant
to unilateral blood flow, so it is more stable than coils across time,
and 2) it avoids the deployment of a stent in the parent artery and,
thus, the use of antiplatelet therapy.

Other Predictive Factors of Occlusion
In this study focusing on ACoA aneurysms treated with WEB, we
observed rates of adequate occlusion similar to those found in a
prospective study at midterm follow-up.25 Cagnazzo et al,26 eval-
uating a series of 86 aneurysms treated with a WEB in any loca-
tion, found that an irregular shape and wide neck (.4mm) were
independent predictors of aneurysm remnants. Although not
statistically significant, our results could suggest a role of the an-
eurysm irregular shape and aspect ratio (height/neck) on the
angiographic outcome. We acknowledge that because the num-
ber of included aneurysms was relatively small, it is possible that
some variables could not reach statistical significance in the mul-
tivariable analysis. However, we present, to date, the largest
cohort of ACoA aneurysms treated with WEB.

Limitations
There are other limitations to our analysis. It was a retrospective
study performed at a single academic center, and further prospec-
tive studies are needed to confirm our results. Also, the follow-up
period seems limited (median: 1 year). However, the WEB is con-
sidered a stable device across time with most remnant aneurysms
detected during the first year.27 Finally, a standardized definition
of A1 asymmetry, dominance, and hypoplasia is lacking in the lit-
erature, making it difficult to compare studies. To this end, we
chose first a consensual definition for the A1 asymmetry (absent
or present). Then, we updated a previous grading system by fo-
cusing on the functional aspect of the A1 segments, which further
confirmed our results.

CONCLUSIONS
A1 asymmetry favors better angiographic outcomes in ACoA
aneurysms treated with the WEB device. Here, approximately
70% of ACoA aneurysms were adequately occluded after WEB
implantation; however, this reached .92% in the unilateral A1
group, with an adjusted odds ratio of 11. This finding supports
the hypothesis that WEB devices are less impacted by unilateral
A1 flow, as opposed to other endovascular devices. This could be
of interest when planning for a wide-neck ACoA aneurysm with
a unilateral A1, particularly if the aneurysm is acutely ruptured.
Further prospective studies comparing coils, flow-diverters, and
the WEB device in this location are needed.

Disclosures: Jacques Moret—UNRELATED: Consultancy: Medtronic, MicroVention,
Stryker, Balt. Laurent Spelle—UNRELATED: Consultancy: MicroVention, Medtronic,
Balt; Grants/Grants Pending: hospital grant from Philips Healthcare.
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