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Part 1: Evaluation of past
neurosurgical innovation






The Woven Endobridge Device for
Treatment of Intracranial
Aneurysms: A Systematic Review

Ivo S. Muskens BSc, Joeky T. Senders BSc, Hormuz H.
Dasenbrock MD, Timothy R. Smith MD PhD MPH,
Marike L.D. Broekman MD PhD JD

Introduction: The Woven Endobridge (WEB) device is an innovative endovascular device
for treatment of intracranial aneurysms, especially bifurcation and wide-neck aneurysmes.
Although not approved by the U.S. Food and Drug Administration, it has been available in
Europe since 2011. The aim of this review is to evaluate the outcomes of WEB device use for
intracranial aneurysm treatment. Methods: A systematic review was conducted with MED-
LINE search engines PubMed and Embase from 2011. The search strategy provided 6229 ar-
ticles, and 19 articles were included. Results: A total of 19 papers were identified describing
the use of WEB devices in 687 patients with 718 aneurysms. The 2 largest prospective multi-
center studies (WEBCAST and the French Observatory Trial) reported successful treatment,
defined as complete closure or a neck remnant, in 85% and 79% of aneurysms, respectively.
The use of a WEB device in combination with coiling or stenting was described with varying
results in multiple small series. Outcomes of WEB device use in ruptured aneurysms in 2
studies showed 94% and 80% adequate treatment. Thromboembolic events were described
in 71 patients (10.3% of all patients) and infarctions in 8 patients (1.2% of all patients). Con-
clusions: Despite initial promising results, the WEB device should be used with caution given
its potentially large learning curve and because it has primarily been investigated only in

Parts of this chapter have been published in World Neurosurgery 98, 809-817 (2017)
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wide-neck and bifurcation aneurysms. In addition, currently available prospective studies
have short follow-up, and the device has not been directly compared with other treatment
modalities.

Introduction

ide-neck and bifurcation aneurysms, especially of the basilar artery, remain
Wparticularly difficult to exclude from the circulation.! Indeed, they still confer
great morbidity and mortality despite advances in medical technology.> As a result,
there have been a growing number of options to treat aneurysms using endovascu-
lar approaches (e.g. coiling or flow diverters) as opposed to traditional clipping.3> A
recently introduced innovative endovascular device, the Woven Endobridge (WEB)
device (©Sequent Medical Inc., Aliso Viejo, California, USA), is a self-expanding mesh
that can be introduced into intracranial aneurysms.® After deployment, the mesh cov-
ers the neck of the aneurysm, resulting in flow disruption in the sac of the aneurysm.
This subsequently leads to exclusion of the aneurysm from the circulation.® This fea-
ture makes it ideal for treating wide-neck and bifurcation aneurysms, as it covers
the neck of the aneurysm.® Since the introduction of the WEB device in 2011, it has
become clinically available in Europe, but is currently not FDA (Food and Drug Ad-
ministration) approved.® In this systematic review, the aim is to evaluate outcomes
of aneurysms treated with a WEB device.

Methods

Search strategy and paper selection

systematic review of the current literature was conducted to identify studies re-
A porting on pre-clinical and clinical experience with WEB devices for intracranial
aneurysms. To this aim, both PubMed and Embase databases were searched. As the
WEB device was introduced in 2011, articles published before that time were excluded
from the search.® For the search strategy the keywords "WEB device” and "endovas-
cular therapy” with synonyms were used. The search strategy, which was made with
help from a librarian, is described in Supplementary Table 1.3. The last search was
conducted on 5-29-2016. This review was performed in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement.”
The resulting flowchart is depicted in Figure 1.1. After the articles were imported into
Endnote X7.5, duplicates were removed. Titles and abstracts were screened by two
authors independently (IM and JS) for articles reporting on the use of the WEB device
for intracranial aneurysms. For full text screening, articles reporting on outcome of
aneurysms treated with a WEB device were included, both clinical and pre-clinical.
Only literature in English and Dutch was reviewed. Case reports, congress abstracts,
commentaries and reviews were excluded. If there were overlapping cohorts, only
the largest cohort was included in the review. Web of Science was consulted for ad-
ditional papers, and references of selected articles were checked for possible relevant
studies.



Figure 1.1: Flowchart
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Flowchart of study selection process for articles on the WEBdevice

Data extraction

The following variables were extracted from the full text of each study: study design,
number of patients, number of aneurysms treated, aneurysm location, number of
ruptured aneurysms, microcatheter size, successful WEB device placement, length
of follow-up, complete aneurysm occlusion on angiogram, aneurysm neck remnant,
aneurysm remnants, re-treatment, antithrombotic therapy, thromboembolic events,
other complications, and re-rupture.
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Table 1.1: Study characteristics
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Table 1.1: Study characteristics (continued)

(2011) (100) and basilar for 6 months postprocedural
tip
Lawson et al. 22 3(14) RCS 3 wide neck MCA (5). ICA (3). AcomA (3). heparinized during procedure 0.033 3 aneurysm rupture
(2016) and Basilar tip (11). Pcom (3) (1), Symptomatic
bifurcation ischemia (1)
Lescher et al. 22 22 RCS  mean: 7 NS MCA (5). AcomA/ACA (4), ICA  apririn 100 mg 3 months 0.021, 0
(2016) (100) (I). BA (11), VA (1) 0.027,
0.033,
0.058.
0.072
Liebig et al. 47 0(0) RMC Mean4 (25 Wideneck  MCA (7). Pcom (1) not standardized 0.027. 4 aneurysm
(2015) S ancurysms) 0.033 perforation (3).
'WEB device
protrusion (4).
infarction (2)
Lubicz et al. 19 19 PCS  mean: 6 Wide neck  MCA (14). AcomA (2). ICA (1).  none 0.027. 2 infraction (1).
(2013) (100) month Basilar (2). VA (1) 0.033 intraoperative
aneurysm rupture
1
Papagiannaki 83 75 PMC  Mean 5.3 NS MCA (48). basilar (18). AcomA  not standardized >0.027 9 aneurysm rupture
et al. (2014) 88) S (65 (11). ICA (8) )
aneurysms)
Pierot et al. 33 29 RMC  mean: 7.2 Wide neck  MCA (34) not standardized >0.027 5 intraoperative
(2013) (85) S 30 rupture (1)
ancurysm)
Pierot et al. 26 24 RMC  mean:27.9  Wide neck  MCA (13), Basilar (8). PICA (1), NR NR 3
(2015) 92) S 19 bifurcation ~ AcomA (3). ICA (1)
ancurysms)
Pierot et al. 62 56 PMC 12(58 Wide neck  MCA (32). AcomA(16). Basilar  not standardized 0.027, 9 intraoperative
(2016) 89) S ancurysms) (9). ICA (6) 0.033 rupture (1)
Pierot et al. 51 48 PMC 6 months Wide neck  MCA (29). Basilar (12). ICA (6).  not standardized NS 9
(2016) 94) S “1 AcomA(4)
ancurysms)
Van Rooij et 32 0(0) RCS 3-6 Ruptured AcomA(11). MCA (8). Pcom None 0.027. 3
al. (2016) months (18 (7). pericallosal (3), superior 0.033
aneurysms) cerebellar (1), BA (1),

ophthalmic (1)

Legend: Abbreviations: RCS: retrospective case series, PCS: prospective case series RMCS:
retrospective multicenter study, PMCS: prospective multicenter study, MCA: middle cerebral
artery, ACA: anterior cerebral artery, AcomA: anterior communicating artery, Pcom: posterior
communicating artery, ICA: internal carotid artery, Basilar artery: BA PCA: posterior cerebral

artery, VA: vertebral artery, PICA: posterior inferior cerebellar artery, NS: Not specified

Results

fter removing duplicates, 6229 articles were identified. After screening for title
A and abstract, 6141 articles were excluded and the full texts of 88 articles were re-
viewed. Afterwards, 19 studies were included in the review, with a total of 687 patients
with 718 aneurysms.®#25 Study characteristics are reported in Table 1.1.

Preclinical results

Two studies reported preclinical results of the WEB device.27 The first study, per-
formed in rabbits, reported complete occlusion of 19, incomplete occlusion of 2, and
recanalization of 3 aneurysms at 12-month follow-up (n=24).2° A different study in 8o
rabbits found complete occlusion of 15, neck remnants in 11, proximal recess persis-
tence in 11, and aneurysm remnants in 37 aneurysms based on histology.?7 In this study
it was also noted that angiographic adequate occlusion had a sensitivity of 97.7% and
a specificity of 64.9% compared to histology with an inter-observer weighted kappa
coefficient of 0.76 (95% CI, 0.76 - 0.82).?7 Interestingly, this study was published when
the WEB device was already used extensively in European clinics.'>?5

Clinical results
In 201, Klisch et al reported the first treatment of intracranial aneurysms using the
WEB device.® They reported on two patients with unruptured wide-neck bifurcation




1. The Woven Endobridge Device for Treatment of Intracranial Aneurysms: A Systematic
12 Review

aneurysms that were treated successfully, with MRAs showing complete occlusion at
eight weeks.°

Five studies reported on prospective outcomes. In the "WEB Clinical Assessment
of Intrasaccular Aneurysm Therapy” (WEBCAST) European multi-center prospective
trial for wide-neck aneurysms, 48 out of 51 (5.9% ruptured) aneurysms were consid-
ered treatable with a WEB device. At six-month follow-up with Digital Subtraction
Angiography (DSA), complete occlusion was achieved in 23 (56.1%) patients, a neck-
remnant was observed in 12 (29.3%), and an aneurysm remnant in 6 (14.6%), with 4
patients requiring additional endovascular intervention.* Another study also reports
a patient with regrowth of a middle cerebral artery (MCA) aneurysm nine months af-
ter placement of a WEB device that was successfully recoiled, but no further follow-up
was reported.?®

In the prospective multi-center French Observatory study for WEB devices, 63
devices were placed in wide-neck bifurcation aneurysms in 62 patients. Of the 58
aneurysms with follow-up, 30 aneurysms were completely occluded, 16 (27.6%) had
neck remnants and 12 (20.7%) showed aneurysm remnants at one-year follow-up.
Among the aneurysms that showed a remnant, seven required additional endovas-
cular intervention at time of WEB placement, and two required retreatment with a
flow diverter.>* Retreatment was unsuccessful for one of these two patients.># In the
largest prospective multi-center study, 79 out of 85 WEB placement procedures were
successful. Out of 65 aneurysms, there was complete occlusion in 37 (57.0%), neck-
remnant in 23 (35.3%), and an aneurysm remnant in 5 (7.7%) at a mean follow-up of
5.3 months.?°

In another prospective cohort study of 10 patients with bifurcation aneurysms,
WEB placement was successful in 8 (80%) cases, with complete occlusion in 2 (25.0%),
a neck remnant in 5 (62.5%), and an aneurysm remnant in 1 (12.5%) patient at 6-
month follow-up.® Similar results were reported in a separate study of 20 wide-neck
aneurysms, of which 19 were treated successfully. 19 Of the 14 aneurysms in this study
with follow-up, 2 (14.2%) required retreatment, and there was complete occlusion in o
(0%), neck-remnant in 13 (92.9%), and incomplete occlusion in 1 (7.1%) aneurysms."

In the largest reported single-center experience, 114 aneurysms (41.2% of which
were ruptured) were treated in 110 patients. Of the go aneurysms with follow-up,
complete occlusion or occlusion with a neck remnant was achieved in 68, and 22
(24.4%) aneurysms showed residual filling.”> A total of 15 (16.7%) aneurysms in this
study were retreated with other endovascular procedures.”” The second largest ret-
rospective multi-center study reported success in 93(94.9%) out of 98 WEB device
placement procedures for aneurysms (34% of which were ruptured). At a mean
follow-up of 3.3 months, good outcomes were not further specified, although there
were eight reported aneurysm remnants.u Eight other retrospective case series with
varying degrees of follow-up and occlusion had similar outcomes, and the results of
these studies are depicted in Table 1.2.910131571822.23

In terms of complications and adverse events associated with WEB device place-
ment, procedural aneurysm rupture was reported in 10 patients.91618-20.2224 Throm-
boembolic events associated with the procedure were reported more frequently with
a total of 71 patients (10.3% of all cases) and infarction was seen in 8 cases (1.2% of all
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cases).>'>'4161823.25 Re_bleeds were only reported in five patients in two studies with

mean follow-up of 3.3 and 14.4 months.***

Ruptured versus unruptured aneurysms

Specific outcomes for ruptured aneurysms were described in two retrospective
studies.’®?> The first study included 52 aneurysms, 20 of which had a mean follow-
up of 4 months. Of these 20 aneurysms, 15 (75.0%) were completely occluded, 5
(25.0%) had a neck remnant, and 5 (25.0%) showed a remnant.'® In the other study, 18
aneurysms of the initial 32 had at least 3 months of follow-up. Of these 18 aneurysms
with adequate follow-up, 15 (83.3%) showed complete closure, 2 (11.1%) showed a neck
remnant, and 1 (5.6%) showed a remnant.>>

For unruptured aneurysms, 2 prospective studies reported the outcomes of 10 and
20 bifurcation aneurysms, respectively.3'® The first study reported 8 successful WEB
device placements in 10 aneurysms. Of these 8 aneurysms with successful placement,
2 (25.0%) showed complete occlusion, 5 (62.5%) showed a neck remnant, and 1 (12.5%)
showed an aneurysm remnant at follow-up.® In the second study, 14 of 20 aneurysms
had follow-up, and of these 13 (92.9%) had a neck remnant and 1 (7.1%) showed an
aneurysm remnant.’ Three other retrospective studies for exclusively unruptured

aneurysms also showed low numbers of aneurysm remnants as indicated in Table
11,14,17
1.2.

In studies that reported exclusively ruptured or unruptured aneurysms, overall
aneurysm remnant at follow-up was 6 out of 43 (14.0%) for ruptured aneurysms ver-
sus 8 out of 59 (13.6%) for unruptured aneurysms at follow-up.® »141719:35 However,
although these outcomes may appear similar, they cannot be adequately compared
due to great variation in patient characteristics as indicated in Table 1.1.

WEB device in combination with other endovascular treatments

One study reported successful treatment of two patients with two aneurysms that
were too big to treat with available WEB device sizes by using a combination of coil-
ing and WEB device placement at the dome, with six months of follow-up in one
patient.?9 Another study described eight complex large aneurysms, of which six were
thrombosed, that were re-treated with a WEB device at the dome in combination with
coiling of the sac of the aneurysm. Interestingly, all thrombosed aneurysms showed
regrowth, all requiring additional endovascular treatment with stable occlusion in
varying follow-up.’> In another series of four patients with thrombosed aneurysms,
two patients that were only treated with a WEB device suffered fatal rupture as op-
posed to the other two that were treated with a combination of WEB device placement
and stenting.3° There were 12 other studies describing patients that were primarily
treated with a WEB device and another form of endovascular therapy varying from
additional coiling to an additional WEB device to stenting, or a combination as de-
picted in Table 1.1."%3'725 In terms of re-treatment of aneurysm remnants, several
studies reported on using either coiling, stenting, or again an additional WEB device,
but outcomes were reported inconsistently (Table 1.1).91>'579:223.24
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Table 1.2: Study Outcomes
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Discussion

n this review, outcomes of WEB device use for treatment of intracranial aneurysms
I are described. We identified five prospective studies and fourteen retrospective
studies.®®8 Unfortunately, due to great variation of reporting it was not possible to
conduct a meta-analysis.

In the two prospective multi-center trials, WEBCAST and French Observatory
Trial, the WEB device completely occludes aneurysms in 56% to 52% of cases,
respectively.?">4 For coiling, adequate treatment is traditionally defined as either com-
plete occlusion or a small neck remnant. If that standard is applied to these two
prospective trials, the successful treatment rate which would increase to 85% and
79%, respectively.>*»** Whether a neck remnant could be defined as adequate treat-
ment for WEB devices, however, remains to be determined; first, because of a lim-
ited follow-up of the WEBCAST and French Observatory trial (6 and 12 months, re-
spectively) and second because of incomplete follow-up (85% and 94% follow-up,
respectively).?>4 As indicated by Lawson et al. a more precise grading system of
aneurysm occlusion would be valuable to assess outcome of various treatments, es-
pecially since neck remnants seem difficult to define and various types could have
different clinical implications.'® With prospective data, such a grading system, based
for instance on aneurysm size and location, could potentially even provide a predic-
tion model to aid clinical decision-making.

WEB device closure rates are lower compared to reported closure rates of endovas-
cular coiling and clipping. ISAT (International Subarachnoid Aneurysm Trial) for in-
stance reports complete occlusion or a neck remnant in 92% and 94% of aneurysms
respectively at one year follow-up.3"3* As wide-neck and bifurcation aneurysms are
generally regarded as not suitable for coiling, however, a comparison with the ISAT
trial cannot be made as it only included aneurysms treatable with coiling.3"3* Further-
more, as these trials were for specific types of aneurysms, outcomes in other types of
aneurysms may not be similar.>»*4

Another problem with defining adequate aneurysm closure is the accuracy of DSA
after placement of a WEB device. One study showed an accuracy of 82% at treatment
and 82% at follow up compared to histology in rabbits.?” We believe that this misjudg-
ing of aneurysm closure in approximately 20% of cases is considerable and could pos-
sibly have severe clinical consequences like re-rupture, which was reported in 5.6%
and 2.2% of cases in two studies."*> Two other studies also compared MRA to DSA for
follow-up after WEB treatment, finding that MRA had low sensitivity (25% and 60%)
for detecting an aneurysm remnant.3>34 In the case of unsuccessful treatment, two
studied reported that retreatment was necessary in 7.3% and 3.5% of cases with fol-
low up.?>*4 The largest single-center retrospective study even reported retreatment in
16.7% of cases that were followed up.12 Furthermore, it was even reported that retreat-
ment was only successful in 50% of cases in one study (n=10).9 The Barrow Ruptured
Aneurysm trial reports a similar necessity for retreatment in 10.6% of cases treated
by coiling compared to 4.5% treated by clipping at one-year follow up.35

Few studies reported on the use of the WEB device for ruptured aneurysms.
The WEBCAST and French Observatory Trial primarily investigated unruptured
aneurysms, with 89% and 94% of the total aneurysms unruptured, respectively.>">4
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Two other studies primarily examined WEB devices in ruptured aneurysms, report-
ing adequate occlusion in 94% (n=18) and 80% (n=20) of aneurysms with three to six
month follow-up, respectively, and a mean follow-up of four months.®®25 In the first
study, 26 out of the 32 initial patients were treated on the day of the subarachnoid
hemorrhage.?> Overall, due to small numbers in these studies, more research is nec-
essary to determine the therapeutic value of the WEB device in ruptured aneurysms.
Furthermore, it has not been investigated whether ruptured aneurysms have similar
outcomes to unruptured aneurysms. Due to the great heterogeneity in the studies
(as indicated in Table 1.1), we were unable to make a direct comparison in this study.

There seems to be a lack of consensus about the necessity of antithrombotic med-
ication. Even the WEBCAST and French Observatory Trial did not have specific
protocols for anticoagulation, instead deferring this decision to the medical centers
involved.”"?*4 The authors of the WEBCAST trial suggested that no anticoagulation
is necessary, as the WEB device is intrasaccular as opposed to intravascular devices
such as stents. Furthermore, the authors found no significant relationship between
the absence of anti-platelet prophylaxis and thromboembolic events when compared
to patients on antiplatelet prophylaxis (p=0.6663).*' In the other studies, there was
also no consensus. While one study reported the use of antiplatelet prophylaxis for
six months in ruptured aneurysm cases, another used no anticoagulation at all for all
patients.”>*> Similarly, a recent meta-analysis identified great variation in use of anti-
platelet therapy in stent-assisted coiling.3® The variation observed in this study might
thus reflect variability in antiplatelet use for endovascular treatment of aneurysms in
general.

Only one study examined the learning curve for WEB device deployment, show-
ing that treatment was initially successful in approximately 40% of cases, which in-
creased to approximately 80% in later cases.® In our opinion, this indicates a con-
siderable learning curve and makes a practice model a necessity. Furthermore, out-
comes could continue to improve with better deployment of the WEB device, but also
through better case selection. Especially since every aneurysm is unique, and with
the WEB device targeted at wide-neck and bifurcation aneurysms, outcomes could be
improved with more specific guidelines.® For instance, thrombosed aneurysms seem
to be associated with poor outcomes.”> In terms of current clinical application, one
center even reports that WEB device use has become the standard of care for all types
of aneurysms despite the fact that follow up of reported prospective studies is short
and only for specific aneurysms.?425

Currently, two other trials are being conducted for the use of WEB devices for in-
tracranial aneurysm treatment: the CLARYS (CLinical Assessment of WEB® Device
in Ruptured aneurYSms, NCTo02687607) trial, an observational, non-randomized,
multi-center trial investigating outcomes of the WEB device in ruptured aneurysms,
and the WEB-IT clinical study (NCT02191618), a multi-center single arm cohort in-
cluding patients with wide-neck aneurysms. However, as the highest level of evi-
dence of the (currently active) studies assessing WEB devices is 4 (Oxford Centre for
Evidence-based Medicine- Levels of Evidence), due to a lack of a comparison group,
this leaves much room for improvement. Improving the quality of these studies would
contribute to better decision-making for treatment of a specific aneurysm.
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We suggest that future research for aneurysm treatment should be conducted
in accordance with a framework like the IDEAL (Idea, Development, Exploration,
Assessment, Long-term Follow-up) framework for surgical innovation.3” The IDEAL
framework describes consecutive phases for innovative surgical research and proce-
dures and requires that a new procedure is studied prospectively and randomized in
comparison with the current practice (here, coiling or clipping) before implemen-
tation of a new procedure.+>3739 Also, involvement of the producer of the device,
which was reported in 17 out 19 clinical studies, should be kept to a minimum to
make sure results are reported without conflicts of interest.®912'42528 Furthermore,
we deem it essential that patients give informed consent for being treated with an un-
proven innovative device, which was only identified in six studies.®8'79:2%:24 Qverall,
the WEB device has a potential role in the treatment of complex aneurysms, however,
well-designed prospective trials should be performed before these devices should be
routinely used in patients.

Conclusion

he WEB device is a promising innovative endovascular treatment for wide-neck
T and bifurcation aneurysms. For these aneurysms, which were previously not ideal
for endovascular treatment, the WEB device has shown promising results in two
multi-center prospective trials.>>4 Complete aneurysm closure was found in 85% and
79% of cases, defined as complete closure or a small neck remnant. Multidisciplinary
teams treating these aneurysms with a WEB device, however, should be cautious, as
the WEB device is potentially associated with a considerable learning curve. Also, the
WEB device currently has been investigated mainly in unruptured aneurysms with a
wide neck, which make results difficult to extrapolate to other aneurysms. Further-
more, long-term results remain unknown, and no comparison has been made with
currently available treatment options such as stent-assisted coiling or clipping. In
the future, well-designed studies are necessary to determine the true added value of
treating intracranial aneurysms with a WEB device.

References

1. Rosenwasser RH, Chalouhi N, Tjoumakaris S, Jabbour P. Open vs Endovascular
Approach to Intracranial Aneurysms. Clinical Neurosurgery. 2014;61(not web):121-
129

2. van Gijn J, Kerr RS, Rinkel GJ. Subarachnoid haemorrhage. Lancet (London, Eng-
land). 2007;369(9558):306-318

3. Li H, Pan R, Wang H, et al. Clipping versus coiling for ruptured intracranial
aneurysms: A systematic review and meta-analysis. Stroke. 2013;44(1):29-37

4. Turjman F, Levrier O, Combaz X, et al. EVIDENCE trial: design of a phase
2, randomized, controlled, multicenter study comparing flow diversion and tra-
ditional endovascular strategy in unruptured saccular wide-necked intracranial
aneurysms. Neuroradiology. 2015;57(1):49-54




1. The Woven Endobridge Device for Treatment of Intracranial Aneurysms: A Systematic
18 Review

5. Roy D, Milot G, Raymond J. Endovascular treatment of unruptured aneurysms.
Stroke. 2001;32(9):1998-2004

6. Klisch ], Sychra V, Strasilla C, Liebig T, Fiorella D. The woven endobridge cerebral
aneurysm embolization device (WEB II): Initial clinical experience. Neuroradiol-

ogy. 2011;53(8):599-607

7. Moher D, Liberati A, Tetzlaff ], Altman DG, Group P. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. Ann Intern Med.
20009;151(4):264-269, W264

8. Ambrosi PB, Gory B, Sivan-Hoffmann R, et al. Endovascular treatment of bifur-
cation intracranial aneurysms with the WEB SL/SLS: 6-month clinical and angio-
graphic results. Interventional Neuroradiology. 2015;21(4):462-469

9. Behme D, Berlis A, Weber W. Woven endo bridge intrasaccular flow disrupter for
the treatment of ruptured and unruptured wide-neck cerebral aneurysms: Report
of 55 Cases. American Journal of Neuroradiology. 2015;36(8):1501-1506

10. Caroff J, Mihalea C, Dargento F, et al. Woven Endobridge (WEB) Device for en-
dovascular treatment of ruptured intracranial wide-neck aneurysms: a single-
center experience. Neuroradiology. 2014;56(9):755-761

u. CaroffXJ, Mihalea C, Klisch J, et al. Single-layer webs: Intrasaccular flow disrupters
for aneurysm treatment-feasibility results from a european study. American Jour-
nal of Neuroradiology. 2015;36(10):1942-1946

12. Clajus C, Strasilla C, Fiebig T, Sychra V, Fiorella D, Klisch J. Initial and mid-term
results from 108 consecutive patients with cerebral aneurysms treated with the
WEB device. ] Neurointerv Surg. 2016;inclu

13. Colla R, Cirillo L, Princiotta C, et al. Treatment of wide-neck basilar tip aneurysms
using the web II device. Neuroradiology Journal. 2013;26(6):669-677

14. Gherasim DN, Gory B, Sivan-Hoffmann R, et al. Endovascular treatment of wide-
neck anterior communicating artery aneurysms using WEB-DL and WEB-SL:
Short-term results in a multicenter study. American Journal of Neuroradiology.
2015;36(6):1150-1154

15. Kabbasch C, Mpotsaris A, Reiner M, Liebig T. WEB as part of a multimodality
treatment in complex, large, and partially thrombosed intracranial aneurysms: a
single-center observational study of technical success, safety, and recurrence. ]
Neurointerv Surg. 2016;inclu

16. Lawson A, Goddard T, Ross S, Tyagi A, Deniz K, Patankar T. Endovascular treat-
ment of cerebral aneurysms using the Woven EndoBridge technique in a single
center: preliminary results. ] Neurosurg. 2016;inclu:1-12



19

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

Lescher S, du Mesnil de Rochemont R, Berkefeld ]. Woven Endobridge (WEB) de-
vice for endovascular treatment of complex unruptured aneurysms-a single center
experience. Neuroradiology. 2016;58(4):383-390

Liebig T, Kabbasch C, Strasilla C, et al. Intrasaccular Flow Disruption in Acutely
Ruptured Aneurysms: A Multicenter Retrospective Review of the Use of the WEB.
AJNR American journal of neuroradiology. 2015;36(9):1721-1727

Lubicz B, Mine B, Collignon L, Brisbois D, Duckwiler G, Strother C. WEB device for
endovascular treatment of wide-neck bifurcation aneurysms. American Journal of
Neuroradiology. 2013;34(6):1209-1214

Papagiannaki C, Spelle L, Januel AC, et al. WEB intrasaccular flow disruptor-
prospective, multicenter experience in 83 patients with 85 aneurysms. AJNR
American journal of neuroradiology. 2014;35(11):2106-2111

Pierot L, Costalat V, Moret ], et al. Safety and efficacy of aneurysm treatment with
WEB: results of the WEBCAST study. ] Neurosurg. 2016;124(5):1250-1256

Pierot L, Klisch J, Cognard C, et al. Endovascular WEB flow disruption in middle
cerebral artery aneurysms: Preliminary feasibility, clinical, and anatomical results
in a multicenter study. Neurosurgery. 2013;73(1):27-34

Pierot L, Klisch ], Liebig T, et al. WEB-DL endovascular treatment of wide-neck
bifurcation aneurysms: Long-term results in a European series. American Journal
of Neuroradiology. 2015;36(12):2314-2319

Pierot L, Moret ], Turjman F, et al. WEB Treatment of Intracranial Aneurysms:
Clinical and Anatomic Results in the French Observatory. AJNR American journal
of neuroradiology. 2016;37(4):655-659

van Rooij W], Peluso JP, Bechan RS, Sluzewski M. WEB Treatment of Ruptured
Intracranial Aneurysms. AJNR American journal of neuroradiology. 2016;inclu

Ding YH, Lewis DA, Kadirvel R, Dai D, Kallmes DF. The Woven EndoBridge:
a new aneurysm occlusion device. AJNR American journal of neuroradiology.
2011;32(3):607-611

Rouchaud A, Brinjikji W, Ding YH, et al. Evaluation of the Angiographic Grading
Scale in Aneurysms Treated with the WEB Device in 8o Rabbits: Correlation with
Histologic Evaluation. AJNR American journal of neuroradiology. 2016;37(2):324-

329

Wallner AK, Broussalis E, Hauser T, Trinka E, Killer-Oberpfalzer M. Coiling after
treatment with the woven EndoBridge cerebral aneurysm embolization device. A
case report. Interventional neuroradiology : journal of peritherapeutic neuroradi-
ology, surgical procedures and related neurosciences. 2012;18(2):208-212




1. The Woven Endobridge Device for Treatment of Intracranial Aneurysms: A Systematic

20 Review

29.

30.

3L

32.

33.

34.

35.

36.

37-

38.

39-

Leyon JJ, Chavda S, Lamin S. Corking the WEB and coiling through a jailed mi-
crocatheter: WEB assisted coiling, a useful technique avoiding the use of stents in
treating wide-necked large intracranial aneurysms. BMJ Case Reports. 2015;2015

Anil G, Goddard AJ, Ross SM, Deniz K, Patankar T. WEB in Partially Thrombosed
Intracranial Aneurysms: A Word of Caution. AJNR American journal of neurora-
diology. 2016;37(5):892-896

Molyneux A, Kerr R, Stratton I, et al. International Subarachnoid Aneurysm Trial
(ISAT) of neurosurgical clipping versus endovascular coiling in 2143 patients with
ruptured intracranial aneurysms: a randomised trial. Lancet (London, England).

2002;360(9342):1267-1274

Molyneux AJ, Kerr RS, Yu LM, et al. International subarachnoid aneurysm trial
(ISAT) of neurosurgical clipping versus endovascular coiling in 2143 patients with
ruptured intracranial aneurysms: a randomised comparison of effects on survival,
dependency, seizures, rebleeding, subgroups, and aneurysm occlusion. Lancet
(London, England). 2005;366(9488):809-817

Timsit C, Soize S, Benaissa A, Portefaix C, Gauvrit JY, Pierot L. Contrast-Enhanced
and Time-of-Flight MRA at 3T Compared with DSA for the Follow-Up of Intracra-
nial Aneurysms Treated with the WEB Device. AJNR American journal of neuro-
radiology. 2016

Mine B, Tancredi I, Aljishi A, et al. Follow-up of intracranial aneurysms treated
by a WEB flow disrupter: A comparative study of DSA and contrast-enhanced MR
angiography. Journal of Neurolnterventional Surgery. 2016;8(6):615-620

McDougall CG, Spetzler RF, Zabramski JM, et al. The Barrow Ruptured Aneurysm
Trial. ] Neurosurg. 2012;116(1):135-144

Ryu CW, Park S, Shin HS, Koh JS. Complications in stent-assisted endovas-
cular therapy of ruptured intracranial aneurysms and relevance to antiplatelet
administration: A systematic review. American Journal of Neuroradiology.
2015;36(9)1682-1688

McCulloch P, Altman DG, Campbell WB, et al. No surgical innovation without
evaluation: the IDEAL recommendations. Lancet. 2009;374(9695):1105-1112

Alshekhlee A, Mehta S, Edgell RC, et al. Hospital mortality and complica-
tions of electively clipped or coiled unruptured intracranial aneurysm. Stroke.

2010;41(7):1471-1476

Wiebers DO, Whisnant JP, Huston ], 3rd, et al. Unruptured intracranial aneurysms:
natural history, clinical outcome, and risks of surgical and endovascular treatment.
Lancet (London, England). 2003;362(9378):103-110



21

Table 1.3: Search syntax

Pubmed (29-05-2016)

(((((WEB|Title/Abstract]) OR Woven Endobridge[Title/Abstract])) OR (((("Endovascular
Procedures"[Majr:NoExp]) OR "Embolization, Therapeutic"[Majr:NoExp])) OR
((((endovascular[ Title/Abstract]) OR intravascular[ Title/Abstract])) AND
((((((((technique*[ Title/Abstract]) OR procedur*[Title/Abstract]) OR

treatment| Title/Abstract]) OR surgery[Title/Abstract]) OR therapy[Title/Abstract]) OR
flow disrupt*[Title/Abstract]) OR Embolization[Title/Abstract])))))) AND
((((((aneurism*[Title/Abstract]) OR aneurysm*[Title/Abstract])) AND
(((((cerebral[Title/Abstract]) OR ruptured[Title/Abstract]) OR unruptured[Title/Abstract])
OR brain[Title/Abstract]) OR intracranial[ Title/Abstract]))) OR intracranial
aneurysm[MeSH Terms])

Embase (29-05-2016)

((‘web':ab,ti OR 'woven endobridge':ab,ti) OR ((endovascular:ab,ti OR intravascular:ab,ti)
AND (technique*:ab,ti OR procedur*:ab,ti OR treatment:ab,ti OR surgery:ab,ti OR
therapy:ab,ti)) OR (‘endovascular aneurysm repair'/exp OR 'neurovascular embolaization
device'/exp OR 'device embolization'/exp OR 'artificial embolism'/exp)) ->8 AND
(((aneurism*:ab,ti OR aneurysm*:ab,ti) AND (cerebral:ab,ti OR ruptured:ab,ti OR
unruptured:ab,ti OR brain:ab,ti OR intracranial:ab,ti)) OR 'brain artery aneurysm'/exp OR
'intracranial aneurysm'/exp) AND [embase]/lim AND [2011-2016]/py







