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Abstract

The Woven EndoBridge device (WEB) was introduced in 2010 to treat wide-neck bifurcation aneurysms (WNBAs). Three
landmark studies have been conducted to assess its safety and efficacy: WEBCAST, WEBCAST 2, and French Observa-
tory Study. However, these studies have not compared its safety and efficacy to other treatment modalities. In this study, we
compare WEB versus microsurgical clipping in the management of unruptured WNBA. We conducted a retrospective study
of unruptured WNBA meeting the morphological criteria to be amenable for WEB treatment operated on at our institution.
Surgical morbidity, mortality, and occlusion rates were assessed. We compared our results to those reported in the cumu-
lative population of the three WEB landmark studies at 1 year. A total of 84 patients with 89 WNBA were included. The
most common aneurysm location was the middle cerebral artery bifurcation (n=67/89, 75%). No operative mortality was
observed. Morbidity comprised small-vessel vasospasm (n=1/89, 1%) resulting in hemiparesis vs. 3% morbidity for WEB
(p=.324). All but one (n=1/89, 1%) WNBA were completely occluded vs WEB occlusion rate of 53% at 1 year, statistically
significantly worse (p <.001). In our analysis, we were not able to show superiority of WEB in terms of procedural morbidity
in comparison to microsurgical clipping, defined as worsening in mRS. Microsurgical clipping achieves statistically signifi-
cantly higher rates of complete aneurysm occlusion, thus posing the question of whether the WEB should be presented as a

viable, comparable alternative to patients amenable to surgical treatment.
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Introduction

Wide-neck aneurysms (WNAs) are variably defined
throughout the literature. The most widely utilized defini-
tion is based on a neck diameter >4 mm and/or a dome-to-
neck ratio of <2 [6, 12]. The particular anatomy of WNA
makes their treatment either through surgical or endovascu-
lar modalities challenging [20]. On the one hand, surgical
dissection of the neck and proper visualization of the parent
and distal vessels can be obstructed [4]; on the other hand,
coil migration and parent vessel occlusion can often ensue if
these aneurysms are treated endovascularly [3, 9]. A meta-
analysis by Fiorella et al. [4] revealed low occlusion rates of
39.8% and 52.5% for endovascular and surgical modalities
in WNA, respectively. Regarding morbidity and mortality of
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patients with WNA, no specific data has been published. In
a subgroup analysis of the Barrow Ruptured Aneurysm Trail
(BRAT), Mascitelli et al. [10] reported that patients with
WNA presented with worse clinical grading and had worse
clinical outcomes at all timepoints when compared to those
with narrow neck aneurysms. In cases of unruptured WNA,
there is a paucity of data regarding morbidity and mortality.

Due to the complexity in their treatment, new endovascu-
lar techniques and devices have been developed for WNA.
Among these is the Woven EndoBridge (WEB) device, an
intrasaccular device designed to disrupt the intra-aneurysmal
flow at the level of the neck and therefore induce aneurys-
mal thrombosis [13, 14, 17]. This device has been espe-
cially developed to treat wide-neck bifurcation aneurysms
(WNBASs). Since its introduction in Europe in 2010, three
landmark studies have been conducted to assess the safety
profile and efficacy of the device for the treatment of rup-
tured and unruptured WNBA; WEBCAST [13], WEBCAST
2 [14] and the French Observatory Study [17]. While these
studies have shown the use of the WEB device to be safe,
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with low periprocedural morbidity, they have not compared
its safety and efficacy to other treatment modalities. Further-
more, cumulative analyses of the long-term effectiveness
of the WEB device in terms of aneurysm occlusion have
shown complete occlusion rates of approximately 50% [15,
16]. Thus, the goal of this study is to compare the clinical
and anatomical results reported by Pierot et al. [15] in 2018,
including midterm (1-year) follow-up of 169 WNBA in 168
patients treated with the WEB device in the WEBCAST,
French Observatory, and WEBCAST-2 series to the results
achieved in a retrospective cohort of morphologically similar
aneurysms treated surgically.

Materials and methods
Patient population

We conducted a retrospective study of consecutive adult
patients with unruptured WNBA who underwent microsur-
gical clipping at our institution between 2010 and 2020. The
study was carried out in accordance with the 1964 Helsinki
declaration, and internal review board (IRB) approval was
obtained.

Morphological inclusion and exclusion criteria

WEB has been approved for the treatment of WNBA in the
middle cerebral artery (MCA) bifurcation, internal carotid
artery (ICA) terminus, anterior communicating artery
(ACom) complex, or basilar artery apex. Thus, we only
included patients with aneurysms in these locations. As
indicated by the WEB protocols, only unruptured WNBA
with necks measuring between 2.5 and 8 mm, a size between
2.8 and 17 mm, and a dome-to-neck ratio> 1 and <2 were
included. Fusiform, multilobulated, or dissecting aneurysms
were excluded.

Surgical strategy

All patients underwent elective, standard pterional cra-
niotomy, and microsurgical clipping with intraoperative
indocyanide green (ICG) angiography and micro-Doppler
ultrasound for verification of both parent and distal vessel
patency. Postoperatively, all patients received a computed
tomography angiography (CTA) to verify aneurysm occlu-
sion and patency of the surrounding vessels, as well as to
exclude perioperative infarctions or hemorrhages.

Primary and secondary endpoints

Primary endpoint was complete aneurysm occlusion with
no neck remnant, equivalent to a Raymond Roy Occlusion
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Classification (RROC) Class I for endovascularly treated
lesions, as determined by CTA postoperatively.

Secondary endpoints were surgically related morbidity
and mortality. Morbidity was defined analogous to Pierot
et al. [15] in their pooled analysis of the WEBCAST [13],
WEBCAST-2 [14], and French Observatory [17] trials:
modified Ranking Scale (mRS) score > 2 if baseline <2 or
mRS + 1 or more if baseline > 2. mRS was determined at last
follow-up (FU). These primary and secondary endpoints in
the surgical cohort were then compared to the ones reported
by Pierot et al. [15] in the WEB cohorts.

Other secondary endpoints included surgically related
adverse events (AEs), such as surgical site infections (SSI),
seizures, vasospasm, postoperative hemorrhage/hematoma,
intraoperative aneurysm rupture, or intraoperative clipping
of parent and/or distal vessel.

Statistical analysis

Continuous variables are reported as mean + standard devi-
ation (SD) or range. Categorical data are described both
numerically (categorical total) and as a percentage of the
analyzed population. The comparison between both treat-
ment modalities, namely, our surgical cohort and the WEB
pooled cohort, was carried out by means of chi square test.
Significance was assumed at p <0.05. Analyses were con-
ducted using SPSS statistical software (IBM, Armonk, New
York).

Results
Patients and aneurysms

A total of 84 patients harboring 89 WNBA aneurysms were
included. Most patients (n=63/84, 75%) were women. Mean
age was 57 years (range: 38-79). Most patients (n=156/84,
67%) had preoperative mRS 0; n=20/84, 24% had mRS 1,
n==6/84, 7% had mRS 2, and n=2/84, 2% had mRS 4. One
of the patients with mRS 4 was a 35-year-old female who
had suffered a malignant MCA infarction resulting in a high-
grade hemiparesis and aphasia. The WNBA was diagnosed
during the stroke workup. Because she improved during neu-
rological rehabilitation to the point of being able to ambulate
with significant assistance, her relatives opted for WNBA
treatment. Similarly, the second patient was a 79-year-old
man who had had a stroke 10 years prior. During follow-up
of his ICA stenosis, the WNBA was detected. While the
patient required significant assistance in activities of daily
living, he wished to have the WNBA treated.

The most common aneurysm location was MCA bifur-
cation (n=67/89, 75%), followed by ACom complex
(n=15/89, 18%) and ICA terminus (n="7/89, 8%). Mean
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neck size was 4.06 + 1.35 mm, while mean dome size was
6.00+2.18 mm.

Aneurysm occlusion rate

Aneurysm occlusion rate was 99%, with only one patient
presenting incomplete microsurgical occlusion of the lesion.
This was a 58-year-old woman with an ACom complex
aneurysm with a maximum dome diameter of 9 mm and a
neck size of 5 mm (Fig. 1A, B). The aneurysm was located
between the two distal A2 branches. The surgical approach
was a right pterional craniotomy. Visualization of the con-
tralateral A2 was partially impeded by the aneurysm dome.
The aneurysm was clipped with a curved bayonet tunnel
clip, and occlusion was confirmed intraoperatively by both
ICG angiography and ICG endoscopy. However, postopera-
tive CTA showed suspicion of a small neck remnant, which
was then confirmed by conventional angiography (Fig. 1C,

D). The remnant was subsequently coiled (Fig. 1E, F). The
patient had mRS 0 at discharge and was lost to follow-up.
No intraoperative aneurysm rupture occurred.

Surgical adverse events, morbidity, and mortality

Mean follow-up in our cohort was 19 +24 months. At last
follow-up, only one patient had surgically related morbid-
ity, with a worsening mRS from 1 to 3, accounting for 1%
morbidity. This was a 47-year-old woman who had suffered
an aneurysmal subarachnoid hemorrhage (SAH) from a right
MCA aneurysm. In the initial work-up, multiple aneurysms
were detected, including two unruptured left-sided ones in
the M1 and at the MCA bifurcation. Both were surgically
approached through a left-sided standard pterional crani-
otomy 4 months after SAH, and the MCA bifurcation one
was included in this study. It had a dome size of 6 mm, with
a 4-mm neck and was completely occluded. Postoperatively,
the patient exhibited right-sided hemiparesis. Work-up with

Fig. 1 Clipped aneurysm showing neck remnant. Postoperative 3D
reconstruction of CTA showing suspicion of a small neck remnant:
A AP projection, B lateral projection, which was then confirmed by

conventional angiography, C AP projection, D oblique projection.
The remnant was subsequently coiled; E 3D reconstruction, F oblique
projection, achieving complete occlusion
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CTA, CT perfusion, and magnetic resonance imaging (MRI)
ruled out surgical occlusion of distal branches and infarction.
She was thus treated for small-vessel vasospasm with slight
improvement of her motor function. She was discharged to
a rehabilitation facility 10 days after surgery. At 108 months
follow-up, she was able to ambulate independently, but still
required assistance in some activities of daily living (mRS
3).

Other surgical AE included SSI in n=3/84, 4%; tran-
sient vasospasm with no clinical sequelae in n=6/84, 7%;
and single, postoperative seizure with no clinical sequelae
in n=4/84, 5%. No mortality (n=0/84, 0%) was observed
in our cohort.

WEB or clip?

As illustrated in Table 1, our analysis did not show a sta-
tistically significant superiority of WEB vs microsurgical
clipping in terms of procedural morbidity and mortality.
However, microsurgical clipping achieved a statistically
significantly higher rate of complete aneurysm occlusion,
equivalent to a RROC Class 1 (p <0.001).

Discussion

Our study revealed comparable procedure-related morbidity
in clipped unruptured WNBA and those treated with WEB
device. For the purposes of this study, we employed the
same definition of morbidity than the authors in the WEB
cumulative studies, namely, a drop in mRS score. However,
we do not believe that this definition fully reflects proce-
dure-related adverse events. Adverse effects associated with
microsurgical clipping included new-onset seizures, surgical
site infections, and transient vasospasms with no permanent
sequelae, which are not reflected in the mRS, thus under-
representing the potential complications of this treatment
modality. Contrarily, the adverse events reported by Pierot
et al. [15] included 24/168, 14.4% thromboembolic events,
out of which five went on to carry sequelae for the patients.
Furthermore, intracranial hemorrhage occurred in one case,

Table 1 Comparison of primary and secondary endpoints between
the surgical and the WEB cohorts

Variable Surgical cohort WEB cohort )4
(Pierot et al.
2018)
Complete occlusion 88/89 (99%) 81/169 (53%) <0.001%*
(n, %)
Mortality (n, %) 0/84(0%) 0/168 (0%) 1.000
Morbidity (n, %) 1/84 (1%) 5/168 (3%) 0.3224

“Denotes statistical significance
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and intraprocedural rupture was documented in two cases,
as opposed to no aneurysmal rupture in our surgical cohort.

Given that the majority of patients evaluated in the cumu-
lative series by Pierot et al. [15] and in our own surgical
cohort had unruptured intracranial aneurysms (UIAs), we
believe that other tools or scales to assess outcome should
be included. Quality of life (QoL) is an important variable
to evaluate when treating UIA. A study performed by Zhai
et al. [21] revealed that patients with UIA undergoing endo-
vascular treatment had a decreased health-related quality
of life (HRQoL) when compared to the general population.
Conversely, the HEAT trial secondary study on HRQoL
after endovascular coiling of UIA revealed that a subset of
patients had improvements in some physical and emotional
components of QoL after treatment [1]. While data is scarce
regarding microsurgical clipping and HRQoL, Solheim
et al. [19] showed that microsurgical clipping and endo-
vascular coiling did not differ on their impact on patients’
HRQoL when undergoing treatment for UIA. The authors
believe that evaluating the impact of WEB-assisted treat-
ment of UIA on the patients’ HRQoL could be useful for
future patient counseling and physician decision-making
when selecting treatment modalities for UIA. Nevertheless,
the most relevant finding of our study was the significantly
higher aneurysm occlusion rate in the microsurgical group.
In our series, the occlusion rate was 99%, with just a patient
requiring retreatment. This is in line with previous studies.
In a meta-analysis of microsurgical vs endovascular treat-
ment of unruptured MCA aneurysms, Alreshidi et al. [2]
demonstrated a statistically significantly higher occlusion
rate through the surgical treatment modality with otherwise
clinical equipoise. Similarly, Fiorella et al. [4] reported
higher rates of WNBA occlusion in patients undergoing
microsurgical clipping when compared to those treated
endovascularly. Furthermore, Goertz et al. [5] carried out a
similar comparison between WEB-Device and microsurgi-
cal clipping for WNBA of the anterior circulation. Like in
our cohort, they reported higher occlusion rates for clipped
aneurysms when compared to the WEB/endovascular arm.
Contrary to their report, our study found a similar safety
profile when comparing morbidity and mortality.

On the other hand, Pierot et al. [15] reported a success
rate 96.4% (163/169). Among aneurysms treated with
WEB, adjunctive devices were necessary in 12/163 (7.4%)
aneurysms, thus yielding a relatively high rate of insuffi-
cient treatment through WEB alone. Furthermore, at 1 year
follow-up, complete occlusion was achieved in just 81/153
(52.9%) aneurysms. While the partially occluded aneurysms
remained stable and without clinical significance at mid-
term follow-up, they represent a higher exposure to ioniz-
ing radiation for the patients, who must undergo follow-up
angiographies [7] and eventually retreatment, with all the
periinterventional risks that retreatment might carry.
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The importance of complete occlusion in UIA has not
been conclusively established yet and is one of the contro-
versies in modern vascular neurosurgery [18]. On the one
hand, data from ruptured aneurysms presenting with SAH
has shown that the degree of aneurysm occlusion after treat-
ment strongly correlates with the risk of rerupture. The Cer-
erbral Aneurysm Rerupture After Treatment (CARAT) study
[8] analyzed 1001 patients with SAH and found a statisti-
cally significant correlation between aneurysm occlusion
rate and risk of rerupture. On the other hand, Munich et al.
[11] demonstrated that patients with UIA with residual necks
treated endovascularly by either coiling or stent-assisted
coiling had a very low risk of rupture (0.6%), whereas those
with ruptured aneurysms had a higher risk of rerupture from
a neck remnant (3.4%). Thus, the natural history and true
relevance of neck remnants after treatment with WEB device
remains to be elucidated.

Limitations

Due to the retrospective nature of the surgical arm of this
study, our results must be interpreted with caution. It is pos-
sible that selection bias was present, since patients were
selected for clipping based upon numerous patient and
aneurysmal characteristics that might be contributed to
more favorable outcomes. Additionally, all surgically treated
patients underwent clipping at a tertiary referral center; this
might underrepresent the real-life morbidity of patients with
WNBA treated microsurgically and not be representative of
general cerebrovascular surgical practice.

Conclusions

Our analysis did not show superiority of the WEB device in
terms of procedural morbidity in comparison to microsurgi-
cal clipping. Furthermore, microsurgical clipping achieved
statistically significantly higher rates of complete aneurysm
occlusion. The significance of complete occlusion in UIA
remains a matter of debate, but until the natural history of
neck remnants after WEB has been extensively investigated,
the question of whether the WEB device should be presented
as a viable, comparable alternative to patients amenable to
surgical treatment is unanswered.
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