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Endovascular Advances 
in the Treatment of 
Cerebral Aneurysms

T
he first description of neuroendovascular surgical 
techniques dates back to 1904, when Dawbarn 
described open access to the external carotid 
artery for embolization of tumors of the head 

and neck with paraffin particles.1 Actual catheterization 
of intracranial vessels was first described by Luessenhop 
and Velasquez in 1964.2 A decade later, Serbinenko ush-
ered in the era of neurointervention when he published 
on the treatment of more than 300 patients with direct 
carotid-cavernous fistulas and cerebral aneurysms using 
detachable and nondetachable balloons.3 The detachable 
balloon became the first widely accepted device specifi-
cally designed for intracranial use. 

The development of guidewire-supported microcath-
eters in the 1980s paved the way for detachable coil 
embolization of cerebral aneurysms.4-6 This  development 
allowed for the precise delivery of coils within the 
aneurysm and adjustment of these coils in the event of 
suboptimal positioning. Through years of refinement 
in neuroendovascular technologies, cerebral aneurysm 
coiling is now a widely accepted treatment option and 
is oftentimes preferred over microsurgical clip ligation. 
The development of adjunctive devices and techniques 
(eg, stent-assisted coiling, balloon-assisted coiling) fur-
ther jettisoned endovascular strategies to the forefront 
of aneurysm treatment.

Subsequently, flow-diverting stents were introduced as 
a “stand-alone” treatment for cerebral aneurysms. Higher 
metal surface area (30%–50%) decreased porosity, result-
ing in the ability to direct bulk blood flow away from 
the aneurysm sac while maintaining parent vessel and 
adjacent perforator patency. In a delayed fashion, with 
endothelialization along the flow-diverter interstices, 

the aneurysm would eventually thrombose, functionally 
reconstructing the parent vessel.7 Flow-diverting stents 
transformed the treatment of carotid artery and giant 
aneurysms, which traditionally had been managed with 
fairly complex open surgical trapping and bypass tech-
niques. They have also permitted the endovascular treat-
ment of aneurysms that were considered uncoilable. The 
long-term effectiveness of treatment of these aneurysms 
was recently reported in the 3-year follow-up of the 
Pipeline for Uncoilable or Failed Aneurysms trial, which 
demonstrated complete occlusion in 93.4% of aneurysms 
and no recanalization of previously completely occluded 
aneurysms.8

The field of endovascular neurosurgery continues to 
evolve. In this article, we summarize a few of the latest 
concepts and devices currently in clinical studies for the 
endovascular treatment of cerebral aneurysms. Although 
new stents, coils, and balloons with iterative improve-
ments are being developed, this article focuses on novel 
neuroendovascular technology with unique designs. 

INTRASACCULAR DEVICES
Woven EndoBridge

Introduced in 2011, the Woven EndoBridge (WEB) 
device (Sequent Medical, Inc.) was designed to mimic 
the effect of intraluminal flow-diverting stents but are 
placed completely within the aneurysm sac as a stand-
alone therapy.9,10 It is composed of a braided nitinol 
wire that holds the device in a globular shape. Similar 
to flow-diverting stents, the wire mesh structure pro-
vides between 35% and 45% neck metal coverage and 
yields a “stent-like” adherence to the inside of the aneu-
rysm sac. It spans the ostium of the aneurysm, disrupt-
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ing flow at the aneurysm neck. The device is delivered 
through the Via microcatheter (Sequent Medical, Inc.). 
It is fully retrievable, and the detachment system is 
electrothermal.

The initial multicenter clinical experience with the 
WEB device consisted of 21 aneurysms treated at three 
European centers.11 Technical success was achieved in 
20 cases; one inadvertent detachment with a success-
ful retrieval occurred. One patient (4.8%) experienced 
transient clinical worsening due to a thromboembolic 
event that resolved at 3 months. This study consisted 
of only short-term follow-up (2–8 months), and ade-
quate occlusion was observed in 80% of cases.

More recently, Asnafi et al performed a systematic 
review and meta-analysis of 565 patients with 588 
aneurysms (22% ruptured aneurysms) treated with 
the WEB device.12 Treatment failure occurred in 3% 
of cases. The initial adequate occlusion rate was 59%, 
increasing to 85% at 7 months. There was no differ-
ence in the occlusion rate between ruptured and 
unruptured aneurysms at follow-up (85% vs 84%; P = 
.89). Thromboembolic complications occurred in 8%, 
with no difference between patients with ruptured and 
unruptured aneurysms (2%; P = .35).

These results compare favorably with stent-assisted 
coiling. Recent meta-analyses have reported a stent-
assisted coiling occlusion rate of 73% and periproce-
dural morbidity of 8% to 12%.13-15 These results hold 
promise for a currently elusive endovascular solution 
to ruptured wide-necked aneurysms because the WEB 
device does not require dual antiplatelet therapy. 
Additional experience and follow-up with this device is 
needed and is currently being collected.

Artisse Intrasaccular Device
The Artisse intrasaccular device (Medtronic; formerly 

known as the Luna aneurysm embolization device) is 
a self-expanding, braided ovoid implant made from a 
double layer of nitinol wire mesh (Figure 1). Similar to 
the WEB device, it is designed to create flow disruption 
across the mesh from the parent artery to the aneu-
rysm, and similarly, there is no need for dual antiplate-
let therapy.

Use in rabbit models has demonstrated high rates 
of complete occlusion, with 10 of 15 aneurysms dem-
onstrating complete occlusion within 30 minutes of 
device implantation and at 1-month follow-up.16 Early 
human experience in 15 patients includes one aneu-
rysm perforation and one thromboembolic complica-
tion.17 Immediate complete occlusion was observed in 
one patient, and near-complete occlusion was present 
in nine patients. Follow-up at 6 months was available 

for four patients and demonstrated complete occlu-
sion in two patients and neck remnants in two patients. 
Larger studies are currently being planned. 

Medina Embolization Device
The Medina embolization device (Medtronic) is a 

novel design consisting of a core wire and outer mem-
ory alloy filaments that are shaped into petals that lie 
along the axis of the structure (Figure 2). As the device 
is deployed, it deforms to fill the space within the aneu-
rysm. The filament petal design is intended to form 
broader loops that fill the aneurysm dome and ostium, 
creating a stable structure and distributing the forces 
acting on the aneurysm wall. The Medina embolization 
device was designed to treat any saccular aneurysm at 
any location.

Figure 1.  The Artisse intrasaccular device.

Courtesy of M
edtronic.

Figure 2.  The Medina embolization device.

Courtesy of M
edtronic.
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Early clinical experience with this novel emboliza-
tion system has been encouraging.18 In a series of nine 
patients, there were no technical failures. There were 
no peri- or postprocedural clinical complications. 
Three patients underwent follow-up angiography 
at 1 month, and all demonstrated > 95% aneurysm 
occlusion. Another report of 15 patients with greater 
follow-up (11 patients), showed acceptable occlusion 
(Raymond–Roy class 1 or 2) in 10 patients; one patient 
had an enlarging neck remnant.19 Larger multicenter 
and longer-term studies are being planned. 

BIFURCATION SUPPORT DEVICES
PulseRider

The PulseRider device (Codman Neuro) is intended 
as an adjunct scaffold device to be used with detach-
able coils, specifically for the treatment of wide-necked 
bifurcation aneurysms. The open-cell frame preserves 
luminal patency and flow through the parent vessel 
bifurcation while minimizing exposed intraluminal 
metal exposure, such as that seen with Y-configuration 
stenting (Figure 3).20 An additional benefit over 
Y-configuration stenting is that it does not require the 
sometimes-challenging catheterization of the bifurca-
tion branch vessels or catheterization through stent 
interstices.

Perioperative results have been encouraging in a 
small international series of 15 patients with wide-
necked bifurcation aneurysms.20 One treatment 
failure occurred due to suboptimal positioning of 
the PulseRider device. One thromboembolic event 
occurred when thrombus formed at the limbs of 
the device. Immediate control  angiography demon-
strated adequate aneurysm occlusion in all patients. 
At 1-month follow-up, no neurologic impairment was 
noted. Similar results were reported by Mukherjee 
et al, who experienced one thromboembolic event 
and Raymond–Roy class 1 occlusion in all 10 of their 
cases.21

pCONus Device
The pCONus device (phenox GmbH) is a stent-like, 

neck-bridging device designed to assist coil emboliza-
tion of wide-necked bifurcation aneurysms. This nitinol 
device has four distal loops (petals) that radially flare 
and is crossed by a nylon net meant to support the coil 
mass (Figure 4). The proximal stent-like shaft creates 
5% surface metal coverage. The pCONus device is deliv-
ered through a 0.021- or 0.027-inch microcatheter via 
electrolytic detachment and is fully retrievable.

The initial experience with the pCONus device con-
sisted of 28 patients (nine ruptured aneurysms) and 

was published in 2014.22 There were no treatment-
related failures, and no coil protrusion into the parent 
vessel was observed. One thromboembolic compli-
cation occurred without clinical consequence. On 
immediate control angiography, Raymond–Roy class 1 
or 2 occlusion was achieved in 61% of patients. At a 
mean follow-up of 7.5 months, Raymond–Roy class 1 
or 2 occlusion was observed in 86%, with nine aneu-
rysms showing an improvement of at least 1 point on 
the Raymond–Roy classification scale. Similar results 
were reported in a more recent study with longer 
follow-up.23 Raymond–Roy class 1 or 2 occlusion 
was seen in 95% on the immediate control angiogra-
phy. At 1 year, adequate occlusion was present in all 
patients as evaluated by MRI.

The pCONus device also has demonstrated safety 
and efficacy in the treatment of acutely ruptured 
aneurysms.24 In 21 patients with ruptured aneurysms, 
there were no deployment failures. Immediate control 
angiography demonstrated Raymond–Roy class 1 or 2 
occlusion in 62%. One thromboembolic complication 
and one aneurysm perforation occurred. 

Figure 3.  The PulseRider device.

Figure 4.  The pCONus bifurcation aneurysm implant.

Courtesy of phenox Gm
bH.
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Pipeline Flex With Shield Technology
The Pipeline device (Medtronic; formerly developed 

by Covidien) was introduced in 2008 and remains the 
only approved flow-diverter stent in the United States. 
The second-generation Pipeline Flex debuted in 2014, 
with a stiffer delivery wire and polytetrafluoroethylene 
sleeves instead of a capture coil. Although recent data 
suggest that treatment of ruptured cerebral aneurysms 
with flow diversion (and the necessary antiplatelet ther-
apy) may be safe, this strategy remains controversial.25 
The Pipeline Flex with Shield technology was designed 
to address this limitation and is currently under study 
in the United States.

The Shield technology is surface modification in 
which a synthetic phosphorylcholine is covalently 
bonded to the strands comprising the Pipeline device 
(Figure 5). In thrombogram testing, the peak thrombin 
was significantly lower using this technology compared 
to the Pipeline Flex device, which suggests a lower 
thrombogenicity.

Preliminary experience with the Pipeline Flex with 
Shield technology has been encouraging.26 In a small 
series of 10 patients, there were no technical failures. 
None of the patients were preloaded with antiplate-
let therapy; however, single antiplatelet therapy was 
started after the second week. One patient experienced 
stent occlusion at 1-week follow-up. An international, 
multicenter observational cohort (NCT 02719522) 
assessing the performance of this device is currently 
enrolling patients. 

CONCLUSION
Endovascular cerebral aneurysm treatment continues 

to demonstrate considerable recent innovation using 
novel designs and concepts. Many of these novel devic-
es represent new solutions to commonly encountered 
challenges, including device delivery, thrombogenicity, 
safety, and occlusion durability. n
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Figure 5.  The Pipeline Flex with Shield technology.
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