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chromium alloy intertwined with platinum—-tungsten
wires for visibility. Compared with PED, the Surpass has
a lower porosity and is designed to maintain constant
pore density over various diameters of the device.
Additionally, the Surpass flow diverter exists in fewer
sizes with only 3, 4 and 5 mm diameter options. The 3
and 4 mm devices have 72 wires, and the 5 mm device has
96 wires. Unlike the PED, the Surpass device is preloaded
at the distal end of a microcatheter delivery system that
consists of a 0.040” inner diameter (ID) delivery mico-
catheter and pusher. The entire Surpass delivery system is
advanced over a 0.014” microwire inserted through the
pusher. The implant is deployed by a combination of
advancing the pusher and unsheathing the
microcatheter.”*

Wakhloo et al”® reported the largest study on safety
and efficacy of Surpass, with a prospective, multicentre,
non-randomised, single-arm design of 165 patients with
190 intracranial aneurysms of the anterior and posterior
circulations enrolled from 24 centres. Successful deploy-
ment of the Surpass flow diverter was observed in 98%
of the aneurysms. Follow-up angiography available in
158 (86.8%) intracranial aneurysms showed 100% occlu-
sion in 75% of the cases at radiographic follow-ups.
Permanent neurological morbidity and mortality were
6% and 2.7%, respectively. Morbidity occurred in 4%
and 7.4% of patients treated for aneurysms of the anter-
ior and posterior circulation, respectively. These data
demonstrate that the clinical safety profile is similar to
that of stent-assisted coil embolisation and PED treat-
ment with high rates of radiographic occlusion.”

Colby and colleagues reported the initial North
American experience with Surpass. In this study, 20
patients with ICA aneurysms >10 mm with >4 mm neck
were treated as part of the Surpass IntraCranial
Aneurysm Embolization System Pivotal Trial (the SCENT
trial; Stryker).”® The Surpass device was implanted in
19/20 (95%) cases. Of 19 cases, a single device was used
in 18 cases (95%) and two devices in only 1 case (5%).
Balloon angioplasty was performed in 8/19 cases (42%).
Complete aneurysm neck coverage and adequate vessel
wall apposition was obtained in all 19 cases without
acute morbidity or mortality. An advantage of Surpass
flow diverter is the Surpass delivery system that allows for
a torque-free, over-the-wire deployment of the device.*
Additionally, this system provides the safety of maintain-
ing a continuous endoluminal wire access that is
uncoupled from the device deployment.

Other flow diverters

Silk

The Silk is a self-expandable stent consisting of a tightly
woven structure, supplied with a soft microcatheter and
has resheathing and relocation abilities. For the majority
of studies in the literature, Silk is used for large and
giant neck fusiform aneurysms with a wide neck
(dome-to-neck ratio of <2 mm or neck >4 mm). Strauss
and Maimon®’ retrospectively reviewed patient data

from 2008 to 2013 and identified 60 patients with 67
aneurysms (15 posterior circulation, 52 anterior circula-
tion). They concluded a ‘good’ angiographic result in
88% or 53/60 aneurysms, with a good outcome defined
as complete or near-complete angiographic occlusion at
15 months. The group identified aneurysm size as a posi-
tive predictor of complication rate (0% in smaller aneur-
ysms, 16.7% in large aneurysms and 42.9% in giant
aneurysms). Giant aneurysms of the posterior circulation
had unfavourable results, with 57% complication rate
due to brainstem ischaemia secondary to perforator
occlusion.”” These data are further corroborated by
Lubicz et al,>® who reported a 11% delayed complication
rate with overall neurological morbidity of 5.5%;
however, all complications were reported with the first-
generation Silk device. In an eightcentre study in
Canada by Shankar and colleagues, perioperative mor-
bidity and mortality were 8.7% and 2.2%, respectively. At
the last available follow-up, 83.1% of the aneurysms were
either completely or near completely occluded, with the
rate of complications was higher for fusiform aneurysms
(p<0.001).*

Taken together, these data show a trend towards better
outcomes for smaller and anterior circulation aneurysms
and overall consistent radiographic outcomes for flow
diversion of large and/or fusiform aneurysms with the
Silk device.

Flow-Redirection Endoluminal Device

The FRED system is flow diverter with a compliant
closed-cell paired stent (aka ‘stent within a stent’) com-
posed of single wire braid self-expanding nickel titan-
ium. Initial experience with this device remains limited.
Diaz et al'’ reviewed 13 patients with 14 treated aneur-
ysms. Although no long-term angiographic data are
available, there were no technical or immediate postpro-
cedural complications. The authors concluded the
device was technically easy to deploy and articulates the
ability for the device to be recaptured after partial
deployment and to maintain its internal shape in tortu-
ous vessels as particular advantage. Long-term clinical
and angiographic clinical studies are necessary to
further study this device.

p64

The p64 Flow Modulation Device is a braided mesh tube
composed of a 64 nickel-titanium nitinol alloy. The
device is compatible with a 0.027” ID microcatheter. It is
available in sizes 2.5-5 mm diameter with 12-36 mm
length. There are limited clinical data on this flow diver-
ter, with an initial experience and technical aspects
reported by Briganti and colleagues. In their series of
six intracranial aneurysms, immediate post-treatment
angiography showed reduced flow into all aneurysms,
although no long-term angiographic data are available.’
The authors reported no periprocedural technical com-
plications and no early or delayed aneurysm rupture, no
ischaemic or haemorrhagic complications, and no
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neurological morbidity or deaths. The authors note that
the mechanical detachment feature, with 100% retriev-
ability, is a potential advantage of this new device."'

Tubridge flow diverter

The Tubridge is a flow diverter developed by MicroPort
Medical Company and is a braided, self-expanding
stentlike device with flared ends. A large Tubridge
(diameter >3.5 mm) is braided with 62 nickel-titanium
microfilaments and 2 platinum—iridium radiopaque
microfilaments, whereas a smaller Tubridge (diameter
<8.5mm) is composed of 46 nitinol and 2 platinum-
iridium microfilaments. Initial experience from Zhou
et al”® on 28 patients with large or giant ICA aneurysms
showed a 0% morbidity and mortality rate periprocedu-
rally. At a mean follow-up of 10 months, 72% of the
aneurysms were completely occluded and 24% were
improved, with 4% showing no significant change.*
After approval from the Chinese FDA, the device is cur-
rently being studied in a multicentre, randomised, con-
trolled clinical trial.** In this study, Zhou et al will enrol
124 patients and randomise into a treatment group con-
sisting of Tubridge or Tubridge with coils versus a
control group treated with stent-assisted coiling.

INTRASACCULAR FLOW DISRUPTION AND THE WOVEN
ENDOBRIDGE DEVICE

Flow diversion has proven promising to overcome limita-
tions of traditional endovascular coiling techniques for
the treatment of sidewall aneurysms; however, the
management of large bifurcation aneurysms remains a
challenge. For these bifurcation aneurysms, coiling with

adjunctive devices such as temporary balloon protection
or stent assistance are associated with increased proced-
ural complexity, which lead to a higher chance of
complications. Additionally, use of stents requires
periprocedural dual-antiplatelet therapy with inherent
risks of haemorrhage. In this context, a new device was
developed to provide an innovative alternative strategy
via intrasaccular flow disruption called the Woven
EndoBridge (WEB; Sequent Medical, Aliso Viejo,
California, USA). The WEB is a self-expanding, oblate,
braided mesh of nitinol wires that is deployed into the
aneurysm sac itself (figure 3). The initial WEB device
consisted of a dual layer (WEB DL) design of inner and
outer braids; however, this has since evolved to a single
layer (WEB SL) device with a higher number of nitinol
wires providing similar flow disruption effects.** Prior to
detachment of the WEB device, it can be fully retrieved.
Additional modifications of the WEB SL device include a
spherical shape (WEB SLS) and enhanced visualisation
(WEB EV) provided by platinum-cored nitinol wires.
Once a WEB device is deployed within the aneurysm sac,
the WEB modifies the blood flow at the aneurysm neck,
which induces thrombosis within the aneurysm. Figure 4
demonstrates two case examples of middle cerebral artery
(MCA) bifurcation aneurysms treated with the WEB
device.

Several retrospective institutional studies in Europe
have demonstrated the initial safety and efficacy of
the WEB device.**" Given the promising data, two
prospective, good clinical practice series were con-
ducted in Europe: WEBCAST and French Observatory.
These single-arm, prospective, multicentre studies
included ruptured and unruptured bifurcation

WEB-SL WEB SLS

(Single Layer)

(Single Layer Spherical)

Radial compression
holds WEB in aneurysm
sac while conforming to
aneurysm wall and
sealing the neck

Figure 3 WEB intrasaccular flow disruption system. SL, single layer; WEB, Woven EndoBridge; WEB SLS, WEB SL device with

a spherical shape. Images provided by Sequent Medical.
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Figure 4 WEB treatment of MCA bifurcation aneurysms. Top row is a small left MCA bifurcation aneurysm. Bottom row is a
large right MCA bifurcation aneurysm. WEB, Woven EndoBridge. Images provided by Sequent Medical.

aneurysms located in the basilar artery, middle cere-
bral artery, anterior communicating artery and ICA
terminus.*® Postoperative, 6-month (in WEBCAST)
and l-year aneurysm occlusion was independently
evaluated with a three-grade scale: complete occlu-
sion, neck remnant and aneurysm remnant. A total of
113 patients with 114 aneurysms were treated. There
was no mortality at 1 month, and morbidity was 2.7%.
At 1 year, complete aneurysm occlusion was observed
in 56.0%, neck remnant in 26.0% and aneurysm
remnant in 18.0%. Worsening of aneurysm occlusion
between the procedure and 12 months was observed
in 2.0% and between 6 months and 1 year in 7.1%.**

The combination of these two prospective studies repre-
sents the largest series of WEB cases in the literature. The
advantage of the WEB device is the combination of an
endosaccular approach with flow diversion. This elimi-
nates the need for dual antiplatelet therapy required for
endoluminal devices and subsequently allows use in the
ruptured aneurysm setting with subarachnoid haemor-
rhages. Although the data are encouraging, the availabil-
ity of the WEB device is still limited primarily to Europe
and South America. In the USA, the multicentre clinical
trial for premarket approval of the WEB completed enrol-
ment in November 2015 and the data from the trial are
still being collected.

NEUROENDOVASCULAR CATHETER ACCESS SYSTEM
As neurointervention evolves with innovative devices
such as flow diverters and intrasaccular devices, catheter

FoIIow -up 3 6

access systems have also become more sophisticated.
Fundamental to any neurointervention is the need for a
stable catheter access and delivery system that offers
varying degrees of trackability, distal and proximal
support, and precise distal targeting. In essence,
increased guide catheter support is required for proce-
dures with larger device delivery systems, tortuous
anatomy and distal targets.

Classically, neurointerventions were performed using a
biaxial system consisting of a relatively rigid guide cath-
eter (eg, Envoy) positioned in the cervical ICA and a
small flexible microcatheter that was advanced intracra-
nially to the target of interest. Often the microcatheter
has to be advanced a considerable distance from the
supporting guide catheter, thereby reducing the control
and tactile feedback for the operator and increasing the
propensity for unwanted slack in the system. These lim-
itations are amplified in older patients with significant
vessel tortuosity, and it can lead to technical failures that
necessitate alternative more invasive approaches such as
direct carotid puncture.

There has been a paradigm shift in the design and
approach to catheter support systems for cases of flow
diversion from a classic biaxial set-up with cervical posi-
tioning of guide catheters to a more robust triaxial
system with intracranial positioning of intermediate
support catheters. This is secondary to the comparatively
larger size of the flow diverter delivery microcatheter
(0.027” ID for the PED) and the significant intradeploy-
ment manipulations required for proper device implant-
ation. The Navien (Medtronic Neurovascular, Irvine,
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Figure 5 Optimisation of WEB
platform. WEB, Woven
EndoBridge. Images provided by

Current Platform
Fourth Generation

. 2010 2013 2014 2016 2017
Sequent Medical.
. D D VIA33 VIA27 VIA21 VIA17  COIL CSAIEEHER
CATHETER SIZE
WEB DL WEB SL and SLS EV Technology 21 System 17 System
Original platform Single layer Enhanced Visualization Lower profile Lower profile
Dual Layers Lower profile (Nitinol w/ platinum core) 4-7 mm devices Addresses broader range

California, USA) is a newer generation 5 French (0.058"
ID) distal intracranial catheter that is highly trackable
and atraumatic with a large bore lumen that can accom-
modate 0.027” ID delivery microcatheters used for flow
diverters with added room for flush and contrast injec-
tions. There has been significant experience with the
Navien for use in a variety of endovascular aneurysm
treatments, including PED as well as stent-assisted
coiling. These experiences demonstrate successful track-
ability of the catheter consistently to intracranial loca-
tions such as the ICA and MCA despite vessel
tortuosity.*” °” The Navien catheter has also been instru-
mental when used as a salvage technique for cases
where PED opening fails with standard deployment
manoeuvres.”'

This paradigm shift towards more robust multiaxial
catheter support systems has ushered the development
of additional new intermediate support catheters similar
to the Navien catheter. One such example is the Catalyst
class of intermediate catheters (Stryker Neurovascular,
Freemont, California, USA). The 5 French Catalyst has
demonstrated significant advantages of enhanced track-
ability with reliable stable intracranial support for deliv-
ery of modern neuroendovascular devices, including
flow diverters such as the PED Flex and Surpass, as well
as the intrasaccular devices such as the WEB (senior
authors’ experience, unpublished data). The import-
ance of stable catheter support systems translates to
improved safety and ease for sophisticated neurointer-
ventional treatments.

PENDING NEW TECHNOLOGY

An array of potential new technology is on the horizon
for the neurointerventional field. These include coated
flow diverters for reduced thrombogenicity, self-
expanding three-dimensional mesh endosaccular device
called the Medina (Medtronic Neurovascular, Irvine,
California, USA), smaller profile WEB devices to address
broader range of aneurysm sizes (figure 5), and an add-
itional new intrasaccular flow disrupter called the Artis
device (Medtronic Neurovascular, Irvine, California,
USA). These new technologies will continue to expand
the neuroendovascular tools available to treat a wide
variety of aneurysm types with improved safety and

aneurysms

efficacy. It is fair to say the management of intracranial
aneurysms is constantly evolving, with sophisticated tech-
nology at the forefront of innovation.
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