
BJR

Cite this article as:
Fatania K, Patankar DT. Comprehensive review of the recent advances in devices for endovascular treatment of complex brain aneurysms. 
Br J Radiol 2021; 95: 20210538.

https:// doi. org/ 10. 1259/ bjr. 20210538

REVIEW ARTICLE

Comprehensive review of the recent advances in 
devices for endovascular treatment of complex 
brain aneurysms
1KAVI FATANIA and 1,2DR TUFAIL PATANKAR
1Radiology, Leeds Teaching Hospitals NHS Trust, Leeds, UK
2Interventional Neuroradiology, Leeds Teaching Hospitals NHS Trust, Leeds, UK

Address correspondence to: Dr Kavi Fatania
E-mail:  Kavi. fatania@ nhs. net

INTRODUCTION
Endovascular treatment of aneurysms has changed since 
the International Subarachnoid Aneurysm Trial (ISAT) 
reported superior outcomes with coiling compared to 
surgery for ruptured aneurysms.1 Since coiling’s introduc-
tion, recanalization and retreatment have been a concern.2 
Key factors include aneurysm location, diameter and neck 
size.3 Balloon- assisted coiling (BAC) was one of the first 
major developments in technique that remains popular and 
prospective, multi  centre evidence, for example, Analysis 
of Recanalization after Endovascular Treatment of Intra-
cranial Aneurysm (ARETA) support the popularity, safety 
and feasibility of coiling.4,5 BAC offers higher packing 
density and control of proximal vessel flow.6 In this review, 
however, we provide an overview of more recent technology 
advances since ISAT, specifically the use of temporary and 
permanent stent- assisted coiling (SAC), flow divertors (FD) 
and intrasaccular flow disruptors (ISFD, and the reader is 
directed to other articles which describe earlier reviews on 
this topic.3

Stent-assisted coiling
SAC facilitates treatment of more complex aneurysms. A 
variety of techniques exist: the “coil- through” technique; 
the “jailing” technique ; dual- stenting for wide- necked 
bifurcation aneurysms (WNBA) – typically used in “X” 
or “Y” configurations to preserve flow in the parent and 
branch vessels; temporary stenting – retrievable stents are 
used to support coiling and then removed.7 This section 
will firstly discuss the temporary stent- like bridging devices 
and then discuss permanent SAC – an in- depth discussion 
of SAC can be found in other reviews.7 An overview of the 
evidence discussed is provided in Table 1.

Bridging stent devices
Temporary neck-bridging devices
Temporary neck bridging devices, for example, Comaneci 
(Rapid Medical, Israel) and Cascade (Perflow Medical Ltd, 
Netanya, Israel) are retrievable stent- like devices and stabi-
lise the coil mass but do not occlude the flow within the 
parent vessel. In older patients, flow arrest with BAC may 
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ABSTRACT

The International Subarachnoid Aneurysm Trial (ISAT) showed superiority for endovascular treatment of ruptured 
aneurysms and technology has since moved on rapidly. Many approaches and technology now exist for the endovas-
cular management of ruptured and unruptured intracranial aneurysms, which reflects their varied nature – there is no 
one- size- fits- all technique. We aim to provide an overview of the various classes of device and the major developments 
over the past decade. Coiling is the oldest of the technology and continues to demonstrate high levels of occlusion 
and acceptable risks, making it the default treatment choice, particularly in the acutely ruptured aneurysm setting. 
Advances on coiling include the use of adjuncts such as balloons, stents and fully retrievable temporary neck- bridging 
devices, which have facilitated the treatment of more complex aneurysms. Flow divertors have also revolutionised 
complex aneurysm treatment with small added risk in acute aneurysm treatment and seek to remodel the aneurysm–
vessel interface without accessing the aneurysm sac. The latest development and most promising avenue appears to 
be intrasaccular flow disrupting devices like WEB, Contour and Neqstent that provide excellent opportunities to treat 
wide neck complex aneurysm with minimal mortality and morbidity and good occlusion rates and may in future replace 
a significant number of stent- assisted coiling too.

https://doi.org/10.1259/bjr.20210538
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risk neurological deficit, whereas Comaneci or Cascade causes 
flow restriction.

The Comaneci is a radio- opaque compliant mesh made from 12 
nitinol wires with a flexible tip (Figure 1), whereas the Cascade 
is a braided net- like structure made from 42 interwoven nitinol 
and platinum wires. Both are retrieved and, therefore, do not 
require dual- antiplatelets. Cascade has a higher cell density and 
small cell size (0.3 mm2) with less risk of coil entanglement, or 
protrusion and also aneurysmal flow reduction.9

Retrospective series with Comaneci in 18 unruptured ICA aneu-
rysms reported a symptomatic carotid occlusion that may have 
been device related. Short follow- up (3 months) demonstrated 
100% adequate occlusion.8 12 patients with ruptured aneurysms 
treated with Cascade had 75% immediate complete occlusion.20 
No periprocedural clinical complications were reported, but no 
follow- up data are available. Multicentre experience of Cascade 
(n = 15) reported 100% adequate occlusion rate, with no throm-
botic complications at 6 months.9

Permanent stent-devices
Comparable occlusion rates have been supported in meta- 
analysis with the use of permanent devices for SAC. In 1408 

ruptured aneurysms, there was lower immediate (54.3% SAC vs 
64.2%) but higher delayed occlusion rates (73.4% SAC vs 61.0%) 
and lower recurrence rate (4.8 SAC vs 16.6%).10 SAC was asso-
ciated with higher peri- operative complications (20.2 SAC vs 
13.1%, p = 0.466). Earlier meta- analysis (n = 2446) did not show 
any inferiority of SAC with lower overall permanent morbidity 
rate.11 There was no significant difference in the long- term 
adequate occlusion rate (73.0 SAC vs 80.1% non- SAC).

SAC is associated with higher risks for treating ruptured aneu-
rysms.21,22 Dual- antiplatelet treatment is advised in SAC to 
reduce the risk of in- stent thrombosis and thrombotic compli-
cations. A meta- analysis including 1408 ruptured aneurysms 
confirmed a higher periprocedural complication rate in SAC 
(20.2% vs 13.1%).10

First- generation stents, Neuroform and Neuroform EZ/EZ3 
(Stryker) with open cell- cell design, and second- generation 
closed cell stents, Enterprise (Codman Neurovascular, Raynham, 
Massachusetts, USA) and Solitaire (ev3/Covidien, Irvine, Cali-
fornia, USA) are laser cut. Newer generations of laser- cut stents 
include the third- generation Neuroform Atlas stent and the 
low- profile Acclino microstent (Acandis, Pfozheim, Germany). 
Third- generation- braided stents, include low- profile visualised 

Figure 1. Elective re- treatment of a right carotico- ophthalmic aneurysm (a), previously treated with balloon- assisted coiling. Angi-
ography image showing recurrence treated with Comaneci- assisted coiling (b). Illustration demonstrating Comaneci- assisted 
coiling (c) and a image of the deployed comaneci device (1d) – images provided courtesy of Rapid- Medical.

http://birpublications.org/bjr
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intraluminal support (LVIS), LVIS Jr and LVIS EVO (Micro-
vention/Terumo, Tustin, California, USA) and the LEO family 
including LEO + and baby Leo (BALT Extrusion, Montmorency, 
France). Laser- cut stents offer easier deployment, and braided 
stents offer the potential for better wall apposition, particularly 
in curved vessels and in significant vessel diameter discrepancy 
and also reduced radial forces exerted on the device, which may 
reduce migration. Braided stents have shown high occlusion rates 
in recent meta- analysis (n = 1426) with 88% complete occlusion 
and 7% treatment- related complication rates.23

Newer stents also feature a hybrid cell design, offering a compro-
mise between open- cell (lower radial stiffness and easier naviga-
tion) and closed- cell design (less porous and promote aneurysm 
thrombosis through a flow- diversion effect).7 Examples include 
LVIS, Neuroform Atlas and LEO family.

Laser-cut technology
Neuroform atlas
The neuroform atlas (Figure  2) is the latest generation of the 
self- expandable nitinol neuroform stents, featuring a hybrid cell 
design, deliverable through 0.0165 inch catheters.12 A prospec-
tive study (n = 30) reported 92.6% 12 months complete occlu-
sion rate. One patient had over 50% parent artery stenosis and 
one suffered ipsilateral stroke but recovered without deficit.12 A 
series of 55 unruptured bifurcation aneurysms treated in X or 
Y configuration, reported 95% adequate occlusion at 16 months 
and 12.7% symptomatic complication rates.13 Meta- analysis 
reported 86% immediate and 93% 9 month occlusion and a 6% 
periprocedure complication rate in wide- neck aneurysms.14

Acclino microstent
The Acclino stent can be delivered by 0.0165 in microcatheters 
and is resheathable up to 90%. Early evidence (n = 14) reported 
86% adequate immediate occlusion.15 One case of in- stent 
thrombus resolved without any permanent deficit.

Braided stents
LVIS and LVIS Jr
LVIS and LVIS Jr are closed cell, re- sheathable and retrievable, 
and have smaller pores than other non- braided stents.24 A 
prospective series reported that more than 90% occlusion rate at 
12 months was 95%, and 5.2% primary safety endpoint (stroke 
or death within 30 days, ipsilateral stroke or neurological death 
within 12 months) rate.16

Figure 2. Elective treatment of a wide- neck Acom aneurysm 
(2a) with Neuroform atlas stent- assisted coiling using a com-
bination of Target 360 Soft, Axium Prime and Kaneka coils 
(b–d). (b) shows deployment of the first coil with stent across 
the neck, and 2c shows the final coil mass with stent in situ. 
(d) is a schematic image illustrating Neuroform atlas- assisted 
coiling in a model vessel and aneurysm – courtesy of Stryker 
Neurovascular.

Figure 3. LVIS EVO stent shown fully opened. Image provided 
courtesy of Microvention/Terumo.

Figure 4. Elective treatment of a recurrent basilar tip aneu-
rysm (a) that was previously treated with balloon- assisted 
coiling. T- stenting performed with Baby Leo deployed from 
the left P1 to the basilar (b) and LVIS EVO across the right P1 
(c). A image of the Baby Leo device illustrates the stent cells 
that support the coil mass – image courtesy of Sela Medical.

http://birpublications.org/bjr
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LVIS evo
LVIS EVO is braided, offers enhanced visibility and smaller 
cells to LVIS Jr (Figures 3 and 4). Multicentre data on (n = 57) 
reported 64.4% adequate occlusion and 12% periprocedural 
complication rates.17 Other series have reported 100% imme-
diate complete occlusion, with one case of procedure- related 
thrombotic complication.18 The EVO stent is much easier to 
deploy and detach compared to baby leo that can be sometimes 
tricky to detach because of its proximal hook. The braided stents 
also offer some degree of flow diversion as some people would 
call the light flow divertors.

LEO family
The braided stents offer some degree of light flow diversion. LEO 
plus is open- cell with high radial force, improved wall apposi-
tion, and resheathable up to 90%.7 A retrospective study (n = 
153) reported 98% adequate occlusion rates at 36 months.19 The 
LEO baby (Figure 4) is low- profile, self- expandable, retrievable 
up to 95% and has a hybrid sliding- strut design for better wall 
apposition.25 Meta- analysis reported 93% immediate, 6- month 
adequate occlusion and 5.7% recurrence rates.26

Flow divertors
Flow diverters
In the following section, flow diverters will be discussed – 
readers are guided to other reviews of flow diverters for an 
in- depth discussion solely of this technology.27,28 An overview 
of the evidence discussed can be found in Table 2. Flow diverting 
(FD) stents have low porosity, reducing flow within the sac, 
which promotes thrombosis over hours to days.24 A new endo-
thelial lining grows over the stent, (“neoendothelialisation”) and 
remodelling of the vessel resorps the aneurysm with neointimal 
coverage.3,24 FD treats the weakened arterial wall and the aneu-
rysm should be excluded from the circulation without directly 
accessing the sac.27

There is risk of thromboembolism from the FD stent, and the 
risk of dual antiplatelets. Other risks are delayed rupture, remote 
haemorrhage, and delayed ipsilateral parenchymal haemor-
rhage.3,44–48 Delayed ruptures have predominantly been reported 
with giant aneurysms, which have a higher bleeding risk and are 
difficult to manage by other approaches.47,49 Several suggested 
mechanisms for delayed ipsilateral haemorrhage include the 
transformation of ischaemic injury, modified blood pressure, 
and the use of dual antiplatelets.3 Coverage of collateral branches 
is also a concern.50,51

The first devices were the Pipeline Embolisation Device (PED, 
Medtronic, Irvine, California, USA) and Silk (Balt). Initial uses 
included giant, wide- neck and fusiform internal carotid artery 
(ICA) aneurysms or recanalized aneurysms.52–57 The PED for 
the Intracranial Treatment of Aneurysm (PITA) and the PED 
for Uncoilable or Failed Aneurysms (PUFS) trials reported good 
efficacy and safety profile (5.6–6.5% ischaemic complication 
rate): 93.3% 6 month occlusion rate in PITA and 73.6% complete 
occlusion without major stenosis or use of adjunctive coils in 
PUFS at 6 months.29,30 3- year follow- up shows 92.1% complete 
occlusion rate and no delayed haemorrhage.31 Observational 

registry of PED has confirmed low complication rates from 
ophthalmic artery coverage.32,33,58 Pooled analysis (n = 1092) 
showed 85.5% 1 year occlusion, 4% major ipsilateral stroke and 
2% haemorrhage rates and 7% major neurological morbidity 
and mortality rate.33 A retrospective review of 74 patients with 
para- ophthalmic aneurysms reported 88.9% 32 month complete 
occlusion rate, and a 1.4% morbidity rate.59 Compared to some 
series of surgically treated paraclinoid and para- ophthalmic 
aneurysms, there have been reports of 29% overall morbidity rate 
with a surgery.60

Other devices
Other devices include Surpass (Stryker) (Figure  5), Flow- 
Redirection Endoluminal Device (FRED and FRED Jr, Micro-
vention, Tustin, CA) and Derivo (Acandis GmbH, Pforzheim, 
Germany). The Surpass Intracranial Aneurysm Embolization 
System Pivotal Trial to Treat Large or Giant Wide Neck Aneu-
rysms (SCENT) (n = 180) reported 62.8% 12- month primary 
efficacy (complete occlusion, no parent artery stenosis  >50% 
and no retreatment) and 8% major adverse event rates (major 
ipsilateral stroke or neurological death).38 It also included 21% 
posterior communicating (PCom) artery aneurysms (21.1%) – 
significant given concerns about side- branch coverage.50

The Safety and efficacy analysis of FRED embolic device in 
aneurysm treatment (SAFE) study (n = 103) reported 81% 
1- year adequate occlusion, 1.9% mortality and 2.9% morbidity 
rates.40 The European registry study of FRED system use (n = 
531) demonstrated progressive aneurysm occlusion – 20% 
90- day complete occlusion increased to 95.3% at 1 year.41 There 
was a 14% adverse event and complication rate including 1.5% 
mortality rate.

Beyond large ICA aneurysms
The Prospective Study on Embolization of Intracranial Aneu-
rysms with the Pipeline Device (PREMIER) showed efficacy in 
small- to- medium aneurysms – 76.8% complete 1- year occlusion 
and 2.1% primary safety event rates (major stroke or neurolog-
ical death).34 Meta- analyses of FD in anterior communicating 
artery (AcomA) and middle cerebral artery (MCA) aneurysms 
reported MCA aneurysms had overall adequate occlusion rate 
of 78.7% and AcomA aneurysms had 87.4% long- term adequate 
occlusion.61,62 However, there was 20.7% treatment- related 
complication rate for MCA aneurysms and 8.6% overall compli-
cation rate for AcomA aneurysms.

Treatment of posterior circulation aneurysms has been contro-
versial given perforators and lack of collateralisation. Early data 
in giant or large fusiform vertebrobasilar aneurysms suggest 
high mortality rate, albeit based on very small numbers.63 Larger 
series demonstrated 27% overall morbidity and mortality rate 
but suggested that careful patient selection may reduce this.39 
Another series (n = 129) with dissecting, fusiform and saccular 
aneurysms reported 78.1% complete 11 month occlusion rate.35 
However, 22.5% thrombotic complication and 11.2% mortality 
rate was observed. Current evidence suggests that the patient’s 
anatomy needs to be favourable and that careful patient selection 
is required.
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Ruptured aneurysms and FD
FD use has been described in ruptured aneurysms, particularly 
with promising occlusion in difficult to treat lesions – blister, 
dissecting or fusiform lesions aneurysms.64 A small series of 
ruptured aneurysms treated with Pipeline Shield and single 
antiplatelet reported 86% near- complete 7 day occlusion rate, 
although the majority of these patients also had adjunctive 
coiling.36 Complications (7.1% treatment related morbidity and 
7.1% mortality) were associated with post- operative heparin 
infusion. A meta- analysis of FD in 223 ruptured aneurysms 
reported a 89% adequate 10 month occlusion, 8% ischaemic/
thrombotic, 7% haemorrhage and 4% rebleed rates.65 Compar-
ision with other endovascular treatments is difficult, given that 
these were likely unsuitable for standard coiling. It remains to be 
seen whether FD stents can be safely used alongside coiling in 
the acute SAH setting, or whether newer intrasaccular devices 
will fill this role.

Coated FD
Hydrophilic stent coatings could lead to improved outcomes but 
more safety data are required and there isn’t enough evidence 
to support single antiplatelet use. Hydrophilic coatings reduce 
platelet adherence – the Pipeline Flex Embolization device with 
Shield Technology (Pipeline Shield, Medtronic) has a phos-
phorylcholine surface modification that reduces thromboge-
nicity (Figure 6), and it has an improved delivery system.66,67 A 
prospective study (151 patients; 182 aneurysms) reported a 3.3% 
ischaemic complication, 7.3% periprocedural complication and 
85% 12- month complete occlusion rates.37

The p48_HPC and p64_HPC (Figure 7) FD (phenox, Bochum, 
Germany) are novel- coated devices with a glycan- based surface 
hydrophilic polymer coating (pHPC).68 They are made of a 48 
and 64 nitinol wire braid and are compatible with 0.021- inch and 
0.027- inch inner diameter microcatheters. p48_HPC is designed 
for 1.75–3 mm diameter vessels and p64_HPC for 2.5–5 mm. A 
small series (n = 8) treated with p48_ HPC, shortly after acute 
SAH, and with single antiplatelet therapy reported 5/6 complete 
occlusion at follow- up.42 50% had intra  procedural thrombus 
formation inside or close to the FD, and two patients had non- 
occlusive thrombus inside the FD at 5 days. A series (n = 29) of 
p64_HPC with dual antiplatelets reported 85% 6- month adequate 
occlusion.43 A small series of p48_HPC or p64_HPC treatment 
(n = 7) with acutely ruptured aneurysms and single antiplatelet 
therapy reported no rebleeding or stent thrombosis but only 43% 
had adequate occlusion.69 There remain questions over the safety 
of their use with single antiplatelet agents, particularly in acute 
rupture, and there is insufficient evidence to support the use of 
single antiplatelets routinely.

Intrasaccular flow disruptors
Intrasaccular flow disrupting devices (ISFDs), which are 
designed to sit within the sac or neck of WNBA, promote 
intra  aneurysm thrombosis and remodel the aneurysm- parent 
vessel interface.70 WNBAs remain a difficult group of patients to 
treat by endovascular or surgical techniques and ISFDs represent 
an attractive solution in acute rupture, as dual- antiplatelets are 

Figure 6. Acute admission with lumbar puncture positive 
SAH. Wide- neck basilar aneurysm (a) treated with Pipeline 
Embolisation Device with Shield Technology delivered to left 
P1 (b) and across the aneurysm neck. Schematic illustration 
(c) of PED shield across an aneurysm neck illustrates the 
device position – image courtesy of Medtronic.

Figure 5. Surpass Evolve assisted coiling of giant left ICA ter-
mination aneurysm. a shows a giant terminal ICA aneurysm on 
the left. b demonstrates coil deployment into the aneurysm, 
with Surpass Evolve stent placed in the terminal ICA, but not 
yet deployed. 5c shows small volume filling after several coils 
have been deployed. d is a schematic image of the stent dur-
ing deployment – courtesy of Stryker Neurovascular.
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not necessary.71 An overview of the evidence discussed can be 
found in Table 3.

Stent-like devices pCONus and pCANvas
Stent- like devices with a distal crown of “petals”, with or without 
an impermeable membrane, include pCONus 1, pCONus two 
and pCANvas (Phenox, Bochum, Germany). Figure 8 illustrates 
how the pCONus two device supports coiling of bifurcation 
aneurysms. The distal end is placed within the neck, providing 
stability for coils, maintaining vessel patency, and it reduces 
the intra  - aneurysmal flow.84 Current use is limited as there is 
a need for dual antiplatelets with non- coated devices and liter-
ature shows lower occlusion rates. A systematic review (n = 
201) reported 60% long- term occlusion and 14% retreatment 
rates with pCONus.72 pCANvas, a third- generation device that 
is no longer available, with an impermeable distal membrane, 
has shown high rates of persistent aneurysm filling and retreat-
ment rates (7 of 17 patients treated) on mid- term follow- up.74 
The hydrophilic polymer- coated (HPC) pCONus HPC devices 
are intended for single antiplatelets in acutely ruptured aneu-
rysms.85,86 Retrospective data (n = 15) with acutely ruptured 
aneurysms treated with pCONus HPC and single antiplatelet 
reported 66.6% immediate adequate occlusion and 46% neck 
remnant and 54% 5month persistent filling rates.86

The Endovascular Clip System (eCLIPs) eCLIPs (Evasc Medical 
Systems Corp, Vancouver, Canada) is a self- expanding nitinol 
non- circumferential stent- like device (Figure  9) that has flow 
diversion properties,87 designed to treat WNBA.73 There are 

two sections: the anchor, placed into one branch and designed 
to conform to the wall just besides the aneurysm neck, and leaf 
segment that crosses the aneurysm neck and has moveable ribs 
to allow the passage of a coil delivery microcatheter. The branch 
vessels are not jailed and the leaf segment allows neointimal 
growth, and has flow diversion properties.88 Second- generation 
eCLIPs has shown 81% adequate occlusion rate at follow- up 
(median 8 months).73

Woven EndoBridge
The Woven EndoBridge (WEB) device (Sequent Medical Inc, 
Aliso Viejo, CA, USA) was the first major ISFD (Figure 10). The 
first- generation the WEB- DL (dual layer) is a self- expanding 
mesh composed of 2 nitinol- braided layers. Subsequent itera-
tions include single- layer (WEB- SL) and single- layer spherical 
(WEB- SLS), and devices offering better visibility (Enhanced 
Visualisation, EV) and delivery through smaller microcatheters 
(WEB 15 and 17).

Multiple studies and systematic reviews demonstrate its safety 
and efficacy. UK data (n = 109) in mostly unruptured aneurysms 
used a mixture of WEB DL, SL and SLS.76 15.6% thromboem-
bolic complication, 6% 3- month follow- up morbidity and 5% 
mortality rates were reported. A single- centre UK experience 
with WEB treatment (n = 25) reported 73% adequate 3- month 
occlusion.75 Matched case- control study of WEB and SAC 
demonstrated a lower complication rate in the use of WEB (12.1 
vs 21.2%, p = 0.03) with similar adequate occlusion rates (93.9% 
in both).77

The WEB Intrasaccular Therapy (WEB- IT) study was a US 
prospective, multicentre study (n = 150), mostly with unrup-
tured aneurysms.78,79 1- year complete and adequate occlusion 
rates were 53.8 and 84.6%, respectively. 0.7% primary safety 
endpoint (delayed ipsilateral parenchymal haemorrhage within 
30 days) and 5% minor ischaemic stroke rates were shown. The 
2 WEB Clinical Assessment of Intrasaccular Aneurysm Therapy 
(WEBCAST and WEBCAST 2) studies of WEB- DL, and the 
SL- EV and SLS- EV devices, respectively, and the French Obser-
vatory study included WEB- DL, SL and SLS devices.89–91 For 
168 patients, 2- year safety and efficacy data reports overall 1.4% 
procedural morbidity, 0.7% mortality, and 81% adequate occlu-
sion rates with no associated with bleeding/rebleeding.80 13.4% 
had worsened occlusion compared to 1- year occlusion.

Recent experiences are mixed with lower occlusion rates and 
compaction of device. The authors personal experience in WEB 
is considerable and has shown good occlusion rates consistent 
with the trials. This may be related to lots of experience using the 
device which is critical. There has been some suggestion that the 
new 17 system WEB is softer and prone to recurrences, but this 
is still not proven, and current evidence suggests that there are 
similar occlusion rates compared with predecessor WEB devices 
in small aneurysms. A retrospective study of 38 aneurysms 
treated with WEB 17, and 70 treated with earlier WEB devices 
reported lower failure rate (0 vs 10.3%, p = 0.05) and lower 
thrombotic complication rate (5.3 vs 14.3%, p = 0.002) with the 
WEB 17.82 The immediate occlusion rates did not differ between 

Figure 7. Elective treatment of a right carotico- ophthalmic 
aneurysm (a) with p64 HPC- coated flow diverter. b shows the 
initial opening of the flow diverter beyond the aneurysm neck, 
and c shows the flow diverter in situ and fully deployed. d is a 
schematic representation of the p64 device in situ across the 
aneurysm neck – image courtesy of Phenox.
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groups significantly (57.9% WEB 17 vs 54.3% predecessor, p = 
0.21).

WEB treatment of partially thrombosed aneurysms in the liter-
ature includes a small series performed in our institution for 
patients that were neither suitable for surgical treatment or flow 
diversion.92 There was early recurrence and displacement of the 
WEB when used exclusively and it may still be effective when 
used in conjunction with other devices, but further evidence is 
required.

WEB and ruptured aneurysms
There has been a progressive increase in use of WEB in acute 
ruptured aneurysms.93

A single- centre study illustrated feasibility, with no re- bleeding 
in the patients who survived to discharge, and 73% 3- month 
complete occlusion rate.81 The Clinical Assessment of WEB 
Device in Ruptured Aneurysms (CLARYS) trial (n = 60) was 
designed to address this question and early results seem prom-
ising – 0% rebleed, 1.7% mortality and 15% morbidity rates 
(due to the presentation, vasospasm and hydrocephalus).94 A 
recent systematic review (n = 398) reported 95.8–100% tech-
nical success rate, 9.8% thrombotic complication rate, 0–16.6% 

intra- operative rupture rate, 0–15% treatment related morbidity 
and mortality and adequate occlusion rate of 71–96%.93

Many difficulties have been reported, with one of the main tech-
nical difficulties being adequate sizing. One approach is to over-
size the diameter by 1 mm and undersize the height by 1 mm 
relative to the corresponding measurements of the target aneu-
rysm. A small analysis showed a higher proportion of adequately 
occluded aneurysms in the over - sized group (92.9% vs 70%, p = 
0.1).95 Other issues with noted in our institutional use of WEB 
include the learning curve with the device and the Via delivery 
system catheter and therefore meaning that user experience can 
have a great impact on the results.83

Contour
The Contour Neurovascular System (CNS, Cerus Endovascular 
Inc, Fremont, CA, USA) is a self- expanding ISFD and flow 
diverter (Figures  11–13), specifically targeting the aneurysm 
neck, consisting of a double- layer nitinol memory mesh that 
forms a “Chalice”-like shape that conforms to the neck when 
deployed. It can be used to treat complex aneurysm shapes 
unlike with WEB. Its currently available in Europe, and early 
experience has shown promise: single- centre series (n = 11) 
reported 55.6% complete occlusion and 44.5% neck remnant rate 

Table 3. Overview of intrasaccular flow disrupting devices and main evidence discussed

Device
Study (first 

Author, year)
Patients, 

aneurysms
Ruptured 

aneurysms? Occlusion rate
Morbidity; 

mortality (%)
Meta- analysis: 
pCONus

Sorenson et al72 201, 203 Mostly unruptured 60% complete at 
10 months

7, 0

pCONus HPC Perez et al73 15, 15 Ruptured 0% complete at 5 months 26.7a, 5.9

pCANvas Lylyk et al74 17, 17 Unruptured 31% complete at 
6 months

0, 0

second generation 
eCLIPs

Chiu et al73 25, 25 Mostly unruptured 33% complete at 
8 months

36b, 8

WEB- DL, SL, SLS Lawson et al75 22, 25 Mostly unruptured 36.4% complete at 
3 months

22.7c, 0

Lawson et al76 109, 112 Mixture ruptured and 
unruptured

NR 6, 5

Kabbasch et al77 66, 66 Mostly unruptured 83.3% complete at 
6 months

12.1, 0

Fiorella et al78, Arthur 
et al79

150, 150 Mostly unruptured 53.8% complete at 
12 months

0.7, 0

Pierot et al80 168, 169 Mostly unruptured 51.2% complete at 
2 years

1.4, 0.7

van Rooij et al 201781 100, 100 Ruptured 73% complete at 
3 months

3, 1

WEB 17 Goertz et al82 38, 38 Mixtured ruptured 
and unruptured

57.9% complete at end- 
of- procedure

5.3d, 0

Contour Akhunbay- Fudge 202083 11, 11 Unruptured 55.6% complete at 
12 months

0, 0

NR, Not reported.
aMorbidity rate is not reported – procedure or device- related complication (including asymptomatic) rate used instead.
b9/25 patients with reported peri- procedural complications.
cMorbidity rate not reported – 5/22 ischaemia and new symptoms post- WEB.
dThrombotic complication rate.
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Figure 8. pCONus two device mechanism illustrated through 
schematic images. a shows the device placed in the parent 
vessel and petals sited within the aneurysm neck and sac. b 
shows the pCONus two assisted coiling of the aneurysm.

Figure 9. E clips deployed into both PCA’s and across the 
aneurysm neck to facilitate coil placement into a basilar tip 
aneurysm recurrence (previously treated with WEB). a shows 
the recurrent basilar tip aneurysm with previous WEB device 
visible. b shows microcatheter in the left PCA and a deployed 
eCLIPs device placed across the aneurysm neck. c is a sche-
matic drawing and image of the eCLIPs device showing how 
it supports coiling of a bifurcation aneurysm – courtesy of 
Evasc Medical Systems. 9d shows the final coil mass, deployed 
through the eCLIPs device.

Figure 10. WEB placement in an acutely ruptured complex 
Acom aneurysm with superiorly located rupture point (a). b 
and c show the deployed WEB device within the aneurysm 
sac. d is a schematic diagram that shows how the WEB device 
sits within the aneurysm sac – courtesy of Microvention. Figure 11. Images of the Cerus Contour Neurovascular System. 

Top row shows the device in the open form. Bottom row shows 
the device in the deployed device in the “Chalice” shape that 
conforms to the aneurysm neck. Images courtesy of Cerus.
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(100% adequate occlusion) at 1 year. 2/11 experienced throm-
botic complications without permanent neurological disability 
or death.83 The device is easier to size than the WEB, only the 

largest aneurysm diameter and neck measurements require 
assessment – the height, morphology and neck play a role in the 
suitability and sizing of the WEB. The CERUS trial has completed 
its enrolment and follow- up. Results are promising with higher 
occlusion rates than WEB with similar safety [Personal commu-
nication]. Albeit a smaller study, many of these aneurysms in 
this study were quite challenging. CNS is easier to size with more 
predictable and controlled deployment in aneurysms. CNS starts 
to open immediately upon exiting the microcatheter, with no 
delay or “popping” open as exhibited by WEB and it does not 
need to engage with the vulnerable dome, reducing the likeli-
hood of perforation during deployment. Any 021/027 catheter 
can be used. It appears to reconstruct the neck and because of 
the braiding there is a highly effective flow diversion in the neck 
of the aneurysm.

Neqstent device
The Neqstent Coil- Assisted Flow Diverter (Cerus) is an adjunc-
tive flow diverting device that is also available in Europe and 
concurrently undergoing clinical evaluation, and also targets 
the neck of the aneurysm (Figure  14). Once placed across the 
neck, a coiling microcatheter can pass through its mesh or can 
be jailed to secure the aneurysm. Both CNS and Neqstent devices 
represent promising avenues, particularly Neqstent in the treat-
ment of acutely ruptured wide- neck and WNBA’s and the clinical 
outcome data are greatly anticipated. Early experiences of the use 
of the Neqstent are consistent with CNS: easy to use and simple 
to size, only requiring the aneurysm neck to be considered. 

Figure 12. Elective right Acom aneurysm (a) treated with the 
Contour Neurovascular System (CNS). b shows deployment 
of the CNS before it is detached. c shows the device in situ 
across the neck with contrast stasis. d is a schematic figure 
that shows the device sat in the aneurysm neck – courtesy of 
Cerus.

Figure 13. Previously coiled Acom aneurysm following acute 
rupture and SAH. Additional unruptued left terminal ICA 
aneurysm treated with Contour Neurovascular System (CNS) 
(13a). b shows deployment of the CNS before detachment. 
c shows the device in- situ across the aneurysm neck. d is a 
schematic image of the CNS post- deployment with contrast 
stasis within the the aneurysm – courtesy of Cerus.

Figure 14. Acute Grade 1 SAH from left Acom aneurysm (a) 
treated with Neqstent- assisted coiling. b is a picture of the 
Neqstent device which sits across the neck and supports coil-
ing and c shows deployment of the Neqstent device (arrow-
head) with second microcatheter delivering coils into the 
aneurysm sac. d is a schematic figure illustrating how the 
Neqstent supports coiling of bifurcation aneurysms. Images 
courtesy of Cerus.
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WEB, Contour and Neqstent are complimentary devices, and 
will probably be used in more than 50% of all saccular aneurysms 
in the future and may replace SAC in many complex aneurysms. 
New generation devices take the art out of coiling and offer more 
prescriptive therapeutic solutions. Both these devices are easy to 
use and are anticipated to show similar if not better efficacy than 
WEB with low mortality and morbidity in future trials.

CONCLUSIONS
Many approaches exist for the management of ruptured and 
unruptured intracranial aneurysms, which reflects their varied 
nature – there is no one- size- fits- all technique. We have provided 
an overview of the classes of device and the developments that 

have occurred in the last decade. Newer devices are accruing 
more evidence on their safety and efficacy and will continue to 
grow in popularity. Coiling, however, is the oldest of the tech-
nology and continues to demonstrate high levels of occlusion 
and acceptable risks, making it the default treatment choice, 
particularly in the setting of the acutely ruptured aneurysm that 
needs immediate security from re- bleeding. Flow divertors have 
revolutionised complex aneurysm treatment with small added 
risk in acute aneurysm treatment. Intrasaccular devices like 
WEB, Contour and Neqstent provide excellent opportunities to 
treat wide- neck complex aneurysm with minimal mortality and 
morbidity and good occlusion rates and may in future replace a 
significant number of stent assisted coiling too.
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