Neuroradiology (2021) 63:1891-1899
https://doi.org/10.1007/500234-021-02727-6

INTERVENTIONAL NEURORADIOLOGY q

Check for
updates

The Woven EndoBridge device for ruptured intracranial aneurysms:
international multicenter experience and updated meta-analysis

Pablo Harker' - Robert W. Regenhardt’ - Naif M. Alotaibi'? - Justin Vranic' - Faith C. Robertson’ -
Adam A. Dmytriw>* . Jerry C. Ku* - Matthew Koch' - Christopher J. Stapleton’ - Thabele M. Leslie-Mazwi' -
Nelson Serna® - Boris Pabon’ - Juan A. Mejia® - Aman B. Patel’

Received: 26 January 2021/ Accepted: 26 April 2021 / Published online: 25 May 2021
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2021

Abstract

Purpose The Woven EndoBridge (WEB) can be used to treat wide-necked aneurysms without antiplatelet medications,
suggesting it may have advantages in the setting of aneurysmal subarachnoid hemorrhage (aSAH). The goal was assessment
of safety and efficacy of WEB in aSAH given the delayed nature of aneurysmal thrombosis.

Methods An international retrospective analysis of patients with aSAH treated with WEB was conducted at 7 tertiary centers
from 2016 to 2020. Outcomes included rates of rebleeding, retreatment, complications, and complete occlusion. Furthermore,
a systematic review and meta-analysis was conducted from 2011 to 2020 assessing the same outcomes. All pooled event
rates were calculated using a random effect model.

Results Consecutive patients with aSAH harbored 25 aneurysms that were treated with 29 WEB devices. The mean age
was 53 years, and 65% were female. Zero experienced rebleeding, 2 were retreated, 2 experienced complications, 16 were
completely occluded at 3 months, and 21 were completed occluded at 9-12 months. Meta-analysis of 309 WEB treatments
for aSAH from 7 case series revealed 2.5% (95% CI 1-5%) had rebleeding, 9% (95% CI 4-17%) were retreated, 17% (95%
CI 10-30%) had complications, and 61% (95% CI 51-71%) were completely occluded at 3—6 months.

Conclusion WEB embolization in the setting of aSAH provides similar protection against rebleeding with comparable
retreatment rates to traditional approaches. However, there is a higher rate of incomplete radiographic occlusion and opera-
tive complications compared to WEB embolization of unruptured aneurysms. Long-term prospective studies are needed to
fully delineate the role of WEB embolization in aSAH.
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EndoBridge (WEB) device (MicroVention, Aliso Viejo,
CA) was introduced in Europe in 2010 and subsequently
approved by the US Food and Drug Administration (FDA)
in 2018 for internal carotid artery (ICA) terminus, middle
cerebral artery (MCA) bifurcation, anterior communicating
artery (ACoA), and basilar tip aneurysms (BTA) with a neck
diameter >4 mm or a dome-to-neck ratio of 1-2, and a dome
diameter of 3—10 mm [9-11]. The WEB is a self-expanding,
braided 3D mesh of nitinol wires in either a spherical or
cylindrical shape that is placed within the aneurysm. The
high metal surface area coverage at the neck of the aneurysm
results in intrasaccular flow disruption with thrombosis and
subsequent endothelialization across the neck of the aneu-
rysm [12].

Given the lack of a stent or foreign material in the parent
vessel following intrasaccular WEB deployment, there is no
need for prolonged antiplatelet therapy which may prove the
WEB device a valuable alternative for securing acutely rup-
tured, wide-necked intracranial aneurysms. However, while
there are robust data supporting the use of WEB in unrup-
tured aneurysms, less evidence exists for their use in acutely
ruptured aneurysms. The purpose of the current study is to
assess rates of rebleeding, retreatment, complications, and
complete occlusion after WEB treatment for ruptured intrac-
ranial aneurysms in a case series from 2 multidisciplinary
neurointerventional practices covering a total of 7 tertiary
care centers and conduct an updated meta-analysis of the
available literature.

Methods
Case series

This study was approved by the local institutional review
boards. Informed consent was waived based on minimal
patient risk and practical inability to perform this study
without such a waiver. An international retrospective analy-
sis was conducted at 7 tertiary care medical centers in the
USA and Colombia. Consecutive patients were included in
the study if they presented with aSAH for which the WEB
device was used as the primary means of treatment within
7 days of rupture over a 4-year period spanning between
January 1, 2016 and April 1, 2020. Pertinent patient demo-
graphic, clinical, and radiologic information, including Hunt
& Hess and modified Fisher scores, was collected from the
medical record [13, 14]. Aneurysm size, location and mor-
phology were determined from catheter angiograms.

The decision to treat with the WEB device was made
based on a combination of clinical and radiologic factors
including patient demographics, aneurysm size, location,
and morphology. Standard local procedures were followed at
each site. All procedures were performed via a transfemoral
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approach. WEBs were deployed through a 0.021-, 0.027-,
or 0.033-inch diameter microcatheter per the manufacturer
protocol, depending on device size (VIA Microcatheter,
MicroVention, Aliso Viejo, CA). The use of distal access
catheters and WEB device sizing was at the discretion of
each treating neurointerventionalist. No antiplatelet or anti-
coagulation therapy was used in the peri- or postoperative
period unless indicated for other medical reasons.

Outcomes included rates of rebleeding, retreatment,
procedure-related complications, and complete occlusion.
Rebleeding was defined as any new or enlarging subarach-
noid hemorrhage during the admission. Retreatment was
defined as the need for an additional intervention to treat
the aneurysm and most commonly involved the addition
of a stent during the hospital course or clinical follow-up.
Complications were classified as either major or minor.
Major complications included death, intracranial hemor-
rhage (ICH), ischemic stroke, or retroperitoneal hematoma.
Minor complications included transient ischemic attack
(TIA), cranial neuropathy, and non-operative groin hema-
toma. All aneurysms were assessed for complete occlusion
with follow-up angiography. The imaging modality and
timing of follow-up angiographic imaging were neuroint-
erventionalist-dependent but most commonly consisted of
catheter angiography performed at 6, 12, and 18-24 months.
If angiography demonstrated residual filling of the aneurysm
neck (distinct from the device recess) [15] and/or dome, the
aneurysm was categorized as not fully occluded.

Mean values with standard deviations were reported for
continuous variables. Percent and count were reported for
categorical variables. The data that support the findings of
this study will be made available from the corresponding
author upon reasonable request and pending approval of
local institutional review boards.

Systematic review and meta-analysis

The search protocol, including hypotheses, outcomes, and
inclusion/exclusion criteria, was developed a priori accord-
ing to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [16]. A literature
search was performed using relevant key words to identify
cases of ruptured aneurysms with aSAH that were treated
by WEB embolization. The OVID Medline, Embase, Web
of Science, and Cochrane Library databases were searched
from inception to February 2020. The references of included
publications were searched manually for other relevant
papers. The following key words were used in combination:
“rupture,” “aneurysm,” “subarachnoid hemorrhage,” “WEB
embolization,” “Woven EndoBridge,” or “WEB.” The search
was limited to articles in English.

Studies were included if they were randomized or had
an observational prospective or retrospective study design,
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were dedicated to patients with ruptured aneurysms or in
which outcomes for ruptured aneurysms were specifically
and separately reported, and reported radiographic occlu-
sion at any follow-up period. Outcomes included rates of
rebleeding, retreatment, complications, and complete occlu-
sion. Exclusion criteria included single case reports, non-
peer-reviewed conference abstracts, review articles, and
animal studies. Two reviewers (NMA and PH) performed
title and abstract screening from the search query results.
The full texts of eligible studies were obtained and reviewed
for inclusion (PH); these results were then independently
verified by a second reviewer (NMA). The quality of all
eligible studies was evaluated independently and in duplicate
by one reviewer (NMA), utilizing the 2011 Oxford Centre
for Evidence-Based Medicine levels of evidence [17].

Pooled estimates and 95% confidence intervals (CI) were
combined using a random-effects model. A p-value of less
than 0.05 was interpreted as statistically significant. Publica-
tion bias was evaluated by visual inspection of funnel plots.
The 2 test was used to assess heterogeneity between studies.
7 values greater than 40% were defined as significant het-
erogeneity between studies. Meta-regression was performed
according to publication date to exclude the effect of early
versus late usage. The meta-analysis was performed using
the Comprehensive Meta-Analysis (CMA) software, version
3 (Biostat Inc., Englewood, NJ, USA).

Results
Case series

A total of 25 aneurysms were treated with the WEB device
in the setting of aSAH at participating tertiary care centers
in 25 patients (6 patients at Massachusetts General Hospital,
Boston, USA, and 19 patients at Angioleam Cerebrovascu-
lar, Medellin, Colombia) between 1/1/2016 and 4/1/2020. A
total of 29 devices were opened (1.16 device per aneurysm)
with more than one device opened in four cases. These 4
cases included 1 ICA terminus and 3 MCA aneurysms. In
all cases, a second device was opened due to inadequate
sizing of the device of the device at first attempt. The mean
age of the 25 patients who underwent WEB treatment was
53 + 16 years, and 64% of the cohort was female (Table 1).

The average aneurysm dome length was 5.84 mm (+0.6)
with an average width of 6.14 mm (+0.5). Most treated
aneurysms involved the anterior circulation (80%). Of all
treated aneurysms, 16% arose from the anterior communi-
cating artery, 16% arose from the ICA terminus, 48% arose
from the MCA bifurcation, and 20% arose from the posterior
circulation, from either the basilar tip (12%) or the superior
cerebellar artery (8%).

No patients had rebleeding events during the hospitali-
zation or at the time of last known follow-up. Two (8%)
patients required retreatment with delayed placement of a
flow diverter. Complications occurred in 2 (8%) cases, both
of which were major and included intraoperative aneurysm
rupture during aneurysm catheterization; one case was
caused by the intermediate catheter and the second case by
the microcatheter. Both cases were caused by tension being
built within the construct (due in part to tortuous proxi-
mal anatomy) and sudden release of said tension causing
the catheter to advance uncontrollably into the aneurysm.
Complete aneurysm occlusion was observed in 16 (64%) at
3 months and 21 (84%) at 9—-12 months post embolization.
The mean follow-up time was 7.1 +5.5 months.

Systematic review and meta-analysis

Seven articles, all of which were observational case series,
representing 309 ruptured aneurysms were identified and
included in the final analysis [18—-24]. All studies were
observational retrospective analyses (Table 2) and therefore
risk of bias was considered high since it cannot be excluded.
Most of these aneurysms were in the anterior circulation
(60%), and 85% of patients had good functional outcome at
3 months (mRs 0-2), a high rate which could partially relate
to selection bias. Average follow-up time was 4 months.
PPRIMA chart and data on each cohort are presented in
detail in the Supplementary Material.

The likelihood of complete radiographic occlusion
(Fig. 1) following WEB placement for ruptured aneurysms
was 62% (95% CI 49-73%) at early 3—6 month angio-
graphic follow-up. The rate of rebleeding was 2.5% (95%
CI 1-5%) (Fig. 2). The overall retreatment rate was 9%

Table 1 Patient demographics, aneurysm, and treatment characteristics

Characteristic Mean +SD or
percentage

Total patients 25

Age (years) 53.2+15.8

Female sex 64%

Location

AComA 16%

ICA terminus 16%

MCA 48%

Basilar tip 12%

SCA 8%

Aneurysm height (mm) 5.84+0.6

Aneurysm width (mm) 6.14+0.5

Device per aneurysm 1.16+0.37

Postprocedural re-hemorrhage 0.00%

Periprocedural adverse event 8%

Retreatment rate 2/25 (8%)
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Table 2 Study characteristics included in the meta-analysis (further information are provided in the Online Supplementary Table)

First author Publication date/type  Country Aneurysmno Pts.no Complete occlusion 2011 Oxford Centre for
at early follow-up Evidence-Based Medicine
(3—-6 months) (OCEBM) levels of evidence

Caroff [18] 2014/retrospective France 6 6 67% 4

Liebig [19] 2015/retrospective Europe/10 centers 52 47 55% 4

van Rooij [20]  2017/retrospective Netherland 100 80 73% 4

Popielski [21]  2018/retrospective Germany 37 37 59% 4

Da Ros [22] 2019/retrospective Italy 33 33 33% 4

Raj [23] 2019/retrospective Finland 33 33 81% 4

Youssef [24] 2020/retrospective USA 48 48 61.5% 4

Our study 2020/retrospective USA/Colombia 25 25 63% 4

(95% CI1 4-17%), and the need for early or delayed stent  Discussion

placement was 5% (95% CI 1-12%). The pooled event rate
for complications (procedural aneurysm rupture, thrombo-
embolic, and device protrusion in the parent artery) across
studies was 17% (95% CI 10-30%).

There was no effect of publication date as a predictor for
complete occlusion rate among all series (Fig. 3). There was
a significant heterogeneity (I*>40%) and publication bias
in the studies reviewed for complete occlusion outcomes
(Fig. 4), but not rebleeding and stent placement (P=0%).

We describe our case series from 2 multidisciplinary cer-
ebrovascular practices comprising 7 tertiary care centers and
present an updated meta-analysis of the available literature
on WEB embolization for ruptured aneurysms in the setting
of aSAH, including rates of rebleeding, retreatment, compli-
cations, and complete occlusion on follow-up. While there
is a strong body of evidence supporting the use of WEB
for unruptured, wide-neck bifurcation aneurysms [25-27],

Fig. 1 Pooled event rates for Study name Statistics for each study Event rateand 95% ClI
radiographic occlusion rates
Event Lower Upper
rate limit limit
Cardff 2014 0670 0270 0918 o
Liebig 2015 0550 0414 067 I
ven Roaij 2017 0730 063 0808 O
Popielsk 2018 050 048 0735 O
DaRos 2019 0.330 018 054 =
Raj 2019 0810 0641 0910 O
Youssef 2020 0610 0467 07% O
Our study 06% 043 080¥ O
0617 0511 0713 L 2
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we present the first meta-analysis of these outcomes in the
setting of aSAH.

In contrast to the treatment of unruptured aneurysms in
which the main objective is complete aneurysmal occlu-
sion, the treatment of ruptured aneurysms in the setting
of aSAH seeks to prioritize securing the rupture site and
prevent rebleeding. In our case series of WEB treatments
in the setting of aSAH at 7 centers, there were no cases of
rebleeding after treatment. Given our small sample size and
limited follow-up, meta-analysis also focused on the greater
literature surrounding such complications. Among the exist-
ing literature, our meta-analysis found rebleeding in 2.8% of
cases treated with WEB. This is similar to rebleeding after
primary coiling in the setting of aSAH which has rates of
1.4-3.5% [1, 28-30]. Two patients (8%) in our case series
required retreatment with delayed placement of flow divert-
ing stents. This rate was lower than that found in our meta-
analysis of WEB treatments where 17% required retreatment
overall and 5% required an early or delayed stent. In com-
parison, primary coil embolization has similar retreatment
rates in the setting of aSAH [31, 32].

Regarding complications, we observed 2 (8%) intraop-
erative ruptures among the 25 aneurysms treated in our
series. Our meta-analysis showed the pooled complication
rate (including procedural aneurysm rupture, thromboem-
bolic event, and device protrusion in the parent artery)
across studies was 16%. In comparison, the complication

rate of primary coiling in the setting of aSAH has been
reported between 5.87% and 9.9% [32-34]. Further-
more, others have reported a 9% complication rate for
WEB treatment of non-ruptured aneurysms, consisting
of 4 thromboembolic events and 1 hemorrhagic event
[35]. The lower rate of complications in the treatment of
unruptured aneurysms may be explained by the fragility
of intracranial vasculature secondary to the inflamma-
tion cascade generated by aSAH paired with the more
rigid delivery systems required for WEB deployment. In
addition, WEB use is in its nascence and must be care-
fully selected primarily for lesions where traditional treat-
ment approaches such as assisted or stand-alone coiling
is not possible/preferred and associated with elevated
risk of complication or recurrence (e.g., carotid termi-
nus). Operator learning curve and experience may play
additional roles in the difference in complication rates
between ruptured and unruptured aneurysms treated with
WEB. Interestingly, the learning curve derived in this
study is shallow. These studies might be subject to lead-
time bias in which papers are only published once the
senior author has fulfilled their learning curve and thus,
despite the difference in year of publication, there might
not be a difference in outcomes. Role-regression slopes
are only pure when compared between the same operator
or group of operators and not across geographically and
regulatory-diverse environments.

0.0

Funnel Plot of Standard Error by Logit event rate

0.2

0.4

0.6

Standard Error

0.8

-2.0 1.5 1.0 -0.5

Logit event rate

Fig.4 Funnel plot for radiographic occlusion rates among all studies
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At 3-month follow-up in our series, there was com-
plete aneurysm occlusion in 64% of cases. However, by
9—12 months, this number increased to 84%. Our meta-
analysis of WEB treatments for ruptured aneurysms
revealed that the likelihood of complete occlusion was
62% at an average of 4 months post-treatment across the
available literature which is in good agreement with our
reported case series. Randomized trial data have shown
complete occlusion in 66% on first follow-up angiogram
after primary coiling in the setting of aSAH [32]. In the
current case series, we report a retreatment rate of 8%
which is double that reported in the published literature
for unruptured aneurysms treated with WEB. Interestingly,
unruptured aneurysms treated with WEB have demon-
strated an occlusion rate of 88% after a mean follow-up
interval of 11 months which is similar to the 84% occlu-
sion rate that we report here at 9—12-month angiographic
follow-up. These findings suggest that occlusion rates of
ruptured aneurysms treated with WEB may ultimately
approach those of unruptured aneurysms treated intrasac-
cular flow-diversion given a long enough period of longi-
tudinal follow-up [26].

There are several limitations to this study. Given the
retrospective design of our series and each of the included
studies in our meta-analysis, these data are inherently sub-
ject to selection bias. Treatment approaches and imag-
ing follow-up were at the discretion of treating clinicians.
While our case series has a relatively small sample size,
our meta-analysis includes all published cases of WEB
embolization in the setting of aSAH to date. Still, there
was a significant heterogeneity and publication bias for
the radiographic occlusion and retreatment rate outcome.
The wide confidence intervals suggest the need for larger,
long-term prospective studies and randomized trials to
further elucidate these findings. Future comparisons may
include only wide-neck bifurcation aneurysms to compare
WEB versus stent-assisted coiling.

Conclusion

The WEB device holds promise for the treatment of wide-
neck bifurcation aneurysms, including those in the setting
of acute rupture with aSAH. The importance of a reliable
treatment option following aneurysm rupture, particu-
larly for aneurysms that would otherwise require adjunc-
tive stenting and antiplatelet therapy due to their location
and morphology, cannot be overstated. The WEB device
in aSAH appears to provide similar protection against
rebleeding with comparable retreatment rates to traditional
aneurysm treatment approaches in aSAH; however, there
may be a slightly higher rate of incomplete radiographic

occlusion and operative complications compared to WEB
embolization for unruptured aneurysms. Long-term pro-
spective studies and randomized trials are needed to fully
delineate the role of WEB embolization in aSAH.

Abbreviations ACo0A; Anterior communicating artery:
aSAH; Aneurysmal subarachnoid hemorrhage: BTA; Basilar
tip aneurysms: CI; Confidence intervals: DAPT; Dual anti-
platelet therapy: FDA; Food and Drug Administration: ICA;
Internal carotid artery: ICH; Intracranial hemorrhage: MCA;
Middle cerebral artery: PRISMA; Preferred Reporting Items
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