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Chapter 13
Complex Stent Reconstruction for
the Treatment of Intracranial Aneurysms

Pedro Aguilar-Salinas, Leonardo B. C. Brasiliense, Jussie Lima,
Amin Aghaebrahim, Eric Sauvageau, and Ricardo A. Hanel

The natural history of unruptured intracranial aneurysms (IA) has been described in
multiple international studies, but some controversy remains regarding instances in
which these lesions should be treated. In 1998, the International Study of Unruptured
Intracranial Aneurysms (ISUIA) estimated the risks of rupture based on a retrospective
cohort of 722 patients with a history of subarachnoid hemorrhage (SAH). A rupture rate
of 0.5% per year was found for IAs less than 10 mm in diameter and 0.7% per year in
IAs larger than 10 mm [1]. A prospective study published in 2003, the ISUIA-2,
included a total of 4060 patients [2]. The observational arm consisted of 1692 subjects
with a mean follow-up of 4.1 years. Outcomes showed that the risk of rupture was
dependent on size and location. The highest risk of rupture was reported in the posterior
circulation (including aneurysms located in the posterior communicating artery) and
for large (13-24 mm) and giant (>25 mm) aneurysms. Subsequent cohorts have
reported other predictors of aneurysm rupture, which include older age, hypertension,
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the presence of a daughter sac, smoking, and family history of SAH [3-7]. Endovascular
management has emerged as a feasible, safe, and effective modality for the treatment
for IAs. In the setting of unruptured IAs, the results of ISUIA-1 and ISUIA-2 reported
lower rates of morbidity and mortality in comparison to surgical clipping.

Regarding ruptured aneurysms, the International Subarachnoid Aneurysm Trial
(ISAT) included 2143 patients with SAH in the UK [8]. The study was a random-
ized multicenter clinical trial designed to assess the safety and efficacy of coiling
embolization versus surgical clipping. Results favored endovascular coiling over
surgical clipping at 1-year follow-up with percentage dead or disabled (23.5% vs.
30.9%; p < 0.05). Recently, a longer follow-up of the ISAT cohort was published.
Patients in the endovascular treatment group were more likely to be alive and inde-
pendent (modified Rankin Scale 0-2) at 10 years than patients in the surgical clip-
ping group (OR 1.34, 95%CI 1.07-1.67) [9]. A similar study performed in the
USA, the Barrow Ruptured Aneurysm Trial (BRAT), evaluated the safety and effi-
cacy of surgical clipping versus coiling embolization in acutely ruptured IAs and
compared functional outcomes based on clinical and angiographic data [10]. The
1-year results favored endovascular management over surgical clipping (mRS > 2
was reported in 23.2% in the endovascular group and 33.7% in the surgical clip-
ping arm; p < 0.05). The 3-year follow-up of the BRAT cohort reported a favorable
5.8% absolute difference in the endovascular arm compared with the outcomes in
the surgical clipping arm, but the difference did not obtain statistical significance
(p = 0.25). In addition, subjects in the surgical clipping arm had a significantly
higher degree of aneurysm occlusion and a lower rate of recurrence and retreat-
ment. Interestingly, younger patients and patients with lesions located in the ante-
rior communicating complex had better outcomes with clipping at the 3-year
analysis [11]. However, the limitations of single-coil embolization have become
evident over time. More recently, the 6-year follow-up of the BRAT cohort was
published, and the results showed that complete aneurysm occlusion was achieved
in 96% (111/116) of the subjects in the surgical clipping group and in 48% (23/48)
of the subjects in the endovascular group (p < 0.01) [12]. The overall retreatment
rate for clipping was 4.6% (13/280) and for coiling was 16.4% (21/128). In addi-
tion, they found no significant difference in poor clinical outcomes (mRS > 2,
p = 0.24) between the two treatment groups.

Primary coil embolization (with or without balloon remodeling) is particularly
challenging in the treatment of large- or wide-necked aneurysms due to the risk of
coil protrusion into the parent vessel and a higher rate of aneurysm recanalization.
The introduction of self-expanding intracranial stents has increased the options
for the treatment of this subset of aneurysms. These stents have facilitated endo-
saccular embolization by providing support to coils, increased packing density,
and providing a scaffold for endothelialization over time. Despite the advances in
endovascular technology, wide-necked aneurysms arising at vascular bifurcations
remain technically difficult to treat. A wide-necked aneurysm is usually defined as
a lesion with a neck size >4 mm or a dome-to-neck ratio <2. The apex of a bifur-
cation is the site of highest hemodynamic wall shear stress and wall tension in the
vascular network [13, 14]. This subset of aneurysms may require complex endo-
vascular approaches to embolize the aneurysm sac and preserve blood flow
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through branching vessels at the bifurcation. A single stent may be insufficient to
cover the aneurysm neck, and frequently, multiple-stent reconstructions are
required to achieve a complete initial occlusion. Recently a meta-analysis
reviewed 38 articles that included 2446 patients with 2556 wide-necked aneu-
rysms treated with single coiling or stent-assisted coiling; the study demonstrated
the safety of these techniques, but long-term occlusion rates were found to be
suboptimal [15]. Among all aneurysms, 496 were located at bifurcations.
Specifically, for wide-necked bifurcation aneurysms, the authors found a long-
term (>6 months) complete or near-complete occlusion rate of 71.9% (95% CI,
52.6-91.1) and recanalization and retreatment rates of 9.8% (95% CI, 7.1-12.5)
and 5.2% (95% CI, 1.9-8.4), respectively.

Self-Expanding Intracranial Stents

The basic structure of a vascular stent consists of a mesh composed of thin metal
struts, which results in free spaces known as cells. Stents can be classified based on
their cell design construction. A closed-cell design refers to a cell that is surrounded
by the strut configuration, whereas in an open-cell design, a cell is partially sur-
rounded, and several bridging membranes interconnect struts along the device
structure. Based on design and arrangements, stents have several features that
should be taken into consideration when choosing the device. For instance, open-
cell stents have more flexibility and better conformability for tortuous vessel anat-
omy, but protrusion of struts into the aneurysm, when present in an outer curve, may
be more frequent, whereas closed-cell stents have a larger radial force in straight
vessels, but kinking and flattening of the device may occur in sharp curves [16, 17].
Table 13.1 summarizes stent features.

The introduction of self-expanding intracranial stents in the endovascular arma-
mentarium has allowed neurointerventionalists to treat IAs that are not amenable for
simple coiling embolization. Currently, there are four intracranial stents available in
the USA: the Neuroform stent (Stryker Neurovascular, Fremont, CA, USA), the
Enterprise stent (Codman, Miami Lakes, FL, USA), and more recently two itera-
tions of the low-profile visualized intraluminal support device (LVIS and LVIS Jr.,

Table 13.1 Definitions of stent features and terms

Concept Definition

Conformability Bending stiffness. Stent’s ability to adapt to tortuous vessel anatomy

Gator backing Protrusion of struts into the aneurysm sac

Kinking Narrowing of stent struts into the vessel lumen

Metal coverage Metal-covered area divided by total stent area

Ovalization Narrowing/flattening of the stent lumen

Radial force Outward force. Force that stents apply to the vessel wall and allows to
support coils or stent resistance to be compressed

‘Wall apposition Stent’s ability to be in contact with adjacent vessel wall
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Microvention, Tustin, CA, USA). Stents have different features and come in various
sizes and diameters. Because there is no ideal stent for all cases, knowledge of stent
characteristics is required to choose the appropriate device on a case-by-case basis
and overcome anatomical limitations such as parent vessel size, tortuous anatomy,
or sharply angled vessels. Table 13.2 summarizes the characteristics of different
intracranial stents.

Dual-antiplatelet therapy is a crucial component to the successful placement
of intravascular devices, and its efficacy relies on the ability to prevent platelet
aggregation and reduce the risk of device thrombosis or thromboembolic com-
plications [18]. While a number of different antiplatelet agents are currently
available, the indication for each drug is often individualized and based on sev-
eral factors including efficacy, cost, personal experience, and availability.
Aspirin and clopidogrel remain the most widely accepted agents and first-line
therapy in most neurovascular centers. Aspirin irreversibly inactivates platelet
cyclooxygenase-1, thus ultimately blocking the production of thromboxane. It
has a fast onset of action with a maximum effect at 30—60 min. Clopidogrel is a
thienopyridine derivative that prevents platelet aggregation by irreversible
blockage of the P2Y 12-ADP receptor. It requires hepatic metabolism to produce
an active metabolite. Some platelet inhibition can be seen after a single dose of
75 mg, but a steady state is seen within 7 days of continued administration.
When necessary, a loading dose of 300—-600 mg may achieve levels of inhibition
between 40% and 50% within 5 h [19, 20]. Patient response to clopidogrel is
measured using assays that analyze the level of inhibition of the P2Y 12 recep-
tor. The most widely used test is the Accumetric’s VerifyNow (San Diego, CA),
which reports platelet reactivity in percent inhibition and P2Y 12 Reaction Units
(PRU). In general, the goal is to achieve a percent inhibition >30% or <210
PRU to demonstrate an adequate response [21, 22]. However, clopidogrel resis-
tance has been estimated to occur in nearly one third of patients undergoing
endovascular procedures, but mechanisms remain poorly understood with some
evidence of a multifactorial component and increased resistance in individuals
with genetic polymorphisms in the alleles CYP2C19 and CYP3As [23-26].
Consequently, newer P2Y12 receptor inhibitors have been developed such as
ticagrelor, prasugrel, and cangrelor. Contrary to clopidogrel, ticagrelor does not
require hepatic activation, and it reversibly binds with the P2Y12-ADP recep-
tors. It has faster onset and offset compared to clopidogrel without increase in
major or minor bleeding events; in fact, it has been demonstrated that a loading
dose of ticagrelor (180 mg) results within 30 min approximately in the same
level of platelet inhibition achieved after 8 h of a loading dose of clopidogrel
(600 mg) [27, 28]. Also, it is mainly metabolized via the CYP34A enzyme that
could make it advantageous in the setting of mutations in CYP2C19 and has
been demonstrated to be an effective and safe alternative to patients with poor
response to clopidogrel in neuroendovascular procedures [29]. Prasugrel irre-
versibly inhibits the P2Y12-ADP receptor, and compared to clopidogrel, it has
a more potent antiplatelet effect and a lower variability in platelet response.
However, rates of hemorrhagic complications have been reported in neuroendo-
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vascular procedures when using aspirin and prasugrel as dual-antiplatelet strat-
egy [30]. Cangrelor is a novel intravenous P2Y 12 inhibitor, which provides an
immediate effect and that also can be rapidly reversed. This drug has been
exclusively tested in percutaneous coronary interventions with a substantial
reduction in ischemic events and no increased in severe bleeding compared with
clopidogrel [31-33]. Although this drug has not been tested in neuroendovascu-
lar procedures, it seems a promising alternative in the setting of emergency
cases or in which clopidogrel resistance is demonstrated.

In general, stent-assisted embolization requires placing patients on dual-anti-
platelet therapy with aspirin (325 mg/day) and a thienopyridine derivative, typically
clopidogrel (75 mg daily) for at least 7 days before the procedure. A bolus of clopi-
dogrel (300-600 mg) can be used if a faster intervention is required and usually
adequate platelet inhibition is obtained within 2—6 h post-loading dose [34, 35]. In
our practice, we routinely check preoperative PRUs, and in the setting of poor
response to clopidogrel, we switch to ticagrelor (180 mg initial dose, followed by
90 mg every 12 h with 81 mg of aspirin) [29]. The intervention is performed under
conscious sedation or general anesthesia. Intravenous heparin is infused to maintain
an activated clotting time greater than 200 s. Accurate vessel measurements are
obtained from working angle angiograms and 3-D reconstructions. Stents are
deployed under fluoroscopy, and a final angiogram is performed to evaluate imme-
diate aneurysm embolization and parent vessel patency. Dual-antiplatelet therapy is
usually maintained for 3 months followed by aspirin alone continued indefinitely.

Y-Stenting Configuration

The Y-stenting technique is a feasible reconstruction for bifurcation aneurysms. It
consists of deploying the stents inside the bifurcation vessels to create an artificial
aneurysm neck, which enables safe embolization by protecting the branching ves-
sels from coil herniation [14, 36, 37]. This technique was first described for basilar
apex aneurysms, but it is also feasible for aneurysms located in the anterior com-
municating artery (ACoA), internal carotid artery (ICA) terminus, and middle cere-
bral artery (MCA) bifurcation. Stent placement can be performed either through the
interstices of the first device, more commonly used, or in a “kissing” fashion (paral-
lel deployment) [38]. Chow et al. described the technique in 2004 for the treatment
of a basilar apex aneurysm using two Neuroform stents and demonstrated encourag-
ing results [39]. After this first experience, other authors have contributed to the
literature reporting their case series in different aneurysm locations with overall
good technical and clinical outcomes. Table 13.3 summarizes studies with at least
ten cases reported using the Y-stenting technique in different bifurcation locations.

With the basic principle that the rate of thromboembolic complications is likely
related to the amount of intravascular metal, our preference is to maximize the use
of a single stent very often mitigating the need of a second device with the assis-
tance of balloon remodeling to protect the non-stented branch.
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Table 13.3 Summary of studies of endovascular treatment of wide-necked bifurcation aneurysms
with Y-stenting configuration

Complete
Rate of aneurysm
periprocedural | occlusion at Rate of
Type of stents | complications | last follow-up | retreatment
Study (year) Aneurysms used (%) (%) (%)
Spiotta et al. [42] | ACoA =1 Neuroform 31.6 63.2 21
BA =18
Chalouhi et al. BA =16 Enterprise/ 6.2 81.2 0
[51] Neuroform
Zhao et al. [15] | ACoA =2 Enterprise/ 9 81.8 9
PComm =3 Neuroform
MCA =3
BA=3
Lee et al. [4] MCA =3 Neuroform 0 100 0
BA=9
Fargen et al. [45] | ACoA =3 Enterprise/ 11 60 10
Pericallosal =1 | Neuroform
MCA =2
BA =39
Yavuz et al. [44]* | ICA-T =16 Enterprise/ 2.7 97.8 Not reported
ACoA =42 Neuroform/
MCA =113 Solitaire
BA =22
Straus et al. [61] | ICA-T=2 Enterprise/ 0 93 Not reported
ACoA =2 Neuroform
MCA =10
Bartolini et al. ICA-T=1 Enterprise/ 10 85.8 2.3
[70]° ACo0A =30 Neuroform/
MCA =57 Solitaire AB/
BA=17 LVIS/LVIS Jr/
Baby LEO
Heller et al. [50] | ICA-T=4 Enterprise/ 0 80 15
MCA =2 Neuroform
BA=14
Jeon et al. [48] BA =25 Enterprise 12 80.9 Not reported
Ko et al. [53]¢ ACoA =8 Neuroform 45 93.3 0
Distal ACA =2
MCA =1
BA=9
Limbuccietal. |ICA-T=2 Enterprise 4.2 93.6 4.1
[47] ACoA =14
MCA =20
BA=11
Vertebrobasilar
junction = 1

ACA anterior cerebral artery, ACoA anterior communicating artery, BA basilar apex, /CA-T internal
carotid artery terminus, MCA middle cerebral artery, LVIS low-profile visualized intraluminal support
aFive ACoA aneurysms were treated with X-stent reconstruction

"Seven ACoA aneurysms were treated with X-stent reconstruction

‘Regarding rate of periprocedural complications, authors include technical and neurological and
non-neurological events
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Endovascular Experience per Aneurysm Location
Basilar Apex Aneurysms

The basilar apex is the most common location of aneurysms in the posterior circula-
tion [40, 41]. The catheterization of the basilar artery (BA) is technically easy due
to the straight angle of its anatomy; however, it is a rich area of perforators that has
to be taken into consideration when selecting an endovascular strategy. The Y-stent
configuration has been broadly reported in retrospective case series and mostly used
to treat basilar apex aneurysms. Although initial case series showed high rates of
periprocedural complications with this technique [42, 43], larger series have dem-
onstrated its safety and effectiveness [44].

When considering Y-stent reconstruction for the treatment of basilar apex aneu-
rysms, accurate measurements should be obtained from both P1 segments and prox-
imal landing zones in the basilar trunk in order to determine the device size. Initially,
open-cell stents were favored for this technique due to their inherent strut configura-
tion, but successful reconstructions have been reported using exclusively closed-cell
stents [45-48]. The vascular anatomy is paramount for the success of this technique.
It is not uncommon to find that one of the posterior cerebral arteries (PCA) origi-
nates at a more acute angle in relation to the basilar trunk, which may increase the
difficulty of stent deployment. Therefore, we suggest that this P1 segment should be
stented first (stenting the harder branch first should be the principle).

The technique for Y-stenting consists in advancing a 6-F guide catheter into the
distal segment of one of the vertebral arteries (VA) under roadmap guidance.
Subsequently, a microcatheter is advanced over a 0.014-in guidewire to the most
difficult P1-segment configuration. The guidewire is removed, and the stent system
is brought to the PCA. The first stent is deployed from the P1 segment into the upper
segment of the basilar artery. Very often, we placed a microcatheter into the aneu-
rysm and attempt coiling with a single stent in place, with or without balloon remod-
eling into the so far not-stented branch (see Fig. 13.1). Very often, we can obtain
successful aneurysm treatment without using a second stent.

If a second stent is needed to perform a’Y reconstruction, a microcatheter is care-
fully navigated through the first stent’s cells, and a second device is deployed with
half of the stent in the contralateral P1 segment and the other half extending down
within the lumen of the previously placed stent. Although coiling through the struts
of both stents is a feasible option, the high metal coverage of crossing devices at the
aneurysm neck can create technical difficulties. Therefore, we prefer to place a
coiling microcatheter into the aneurysm sac before placing the second device. Our
preference with the current commercially available devices (Neuroform, Enterprise
and LVIS) is to either combine two braided devices (LVIS or LVIS Jr. more fre-
quently) or an open-cell stent followed by a closed-cell device (Neuroform as first
stent and Enterprise as second). Especially when using braided devices, we recom-
mend to perform a cone-beam CT with reconstruction (Xpert CT by Phillips) to
evaluate the stent wall apposition. Immediate angiographic occlusion has been
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Fig. 13.1 Case illustration. A 70-year-old female with an incidentally found basilar apex aneu-
rysm was decided to be treated with a Y-stent reconstruction. Cerebral angiogram with anteropos-
terior (a) and lateral (b) views demonstrated a wide-necked aneurysm. After determining accurate
vessel measurements, decision was made to use low-profile stents (LVIS Jr). (¢) Anteroposterior
fluoroscopy view demonstrating the placement of the first stent from the left P1 (white arrow)
across the aneurysm neck into the basilar artery. (d) Anteroposterior fluoroscopy view depicting
the Y-stent reconstruction with both stents (white arrows) placed in the posterior cerebral arteries
and a coiling microcatheter placed in the aneurysm sac. (e) Cone-beam CT (Xpert CT by Phillips)
reconstruction demonstrating the wall apposition of the devices in the vessels. (f) Final digital
subtracted angiogram demonstrating the patency of both posterior cerebral arteries and a near-
complete aneurysm occlusion

reported as the highest predictor of long-term aneurysm occlusion [49]. One should
keep in mind that when a balloon is used, as described above (typically Scepter,
Microvention Terumo), a low-profile stent such as LVIS Jr. can be deployed through
the lumen of the balloon.

The rate of periprocedural complications has been reported to range between 0%
and 45% and derive mainly from thromboembolic events and technical events such
as stent migration, stent prolapse, and coil herniation which have been reported to
range from 1% to 3% [42—45, 48-53]. Spiotta et al. reported a rate of periprocedural
complications of 31.6% including stent migration, artery dissection, and transient
ischemic events [42]. Contrary to those results, Chalouhi et al. reported a lower rate
of complications of 6.2% in the treatment of 16 basilar apex aneurysms. These
authors did not find significant differences when comparing this technique with
single stenting or coil embolization without stent assistance [51]. Fargen et al.
reported the first multicenter experience in the treatment of 45 aneurysms, and
among all lesions, 39 were located in the basilar apex [45]. The authors compared
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clinical and angiographic results based on the cell design stent and found no statisti-
cal difference. To date, the largest case series published using the Y-stenting tech-
nique included 188 patients with 193 bifurcation aneurysms with a low rate of
procedural complication of 2.7%, mortality rate of 0.5%, and a high rate (97.8%) of
complete aneurysm occlusion at 6 months [44]. Among all lesions, 22 were located
at the basilar apex. Overall, the rates of aneurysm occlusion at the last follow-up
range between 63% and 100% with retreatment in approximately 10% of the cases
[42, 45, 48, 50, 51].

ICA Terminus Aneurysms

The ICA terminus is a unique point in the cerebral vasculature where, similar to
other bifurcation locations, there is high wall shear stress. Between 2% and 9% of
all intracranial aneurysms are located at the ICA terminus, and they most commonly
arise at the junction of the ICA and the M1 segment [54-57]. These aneurysms typi-
cally project longitudinally following the blood flow direction. Successful surgical
clipping has been reported but requires advanced surgical skills and experience
since the exposure is challenging due to a large number of perforators surrounding
the base or dome of the aneurysm [58]. When the dome-to-neck ratio is favorable,
single-coil embolization and balloon-assisted embolization are valid strategies with
overall good results [59, 60]. However, wide-necked aneurysms at the ICA bifurca-
tion remain challenging to treat. Y-stenting reconstruction is a feasible technique,
and although it has been poorly reported in this subset of aneurysms, a safe techni-
cal profile has been demonstrated [47].

The technique for stent deployment should follow the general rule of deploy-
ing the first device in the branch with the sharpest angle. A similar technique with
a single stent or balloon usage on the other branch, as described for basilar apex
lesions, also applies for ICA terminus aneurysms. Accurate proximal measure-
ments of the Al and the M1 segments should be obtained to choose the device
size. In the article published by Yavuz et al., 16 aneurysms were treated using
open- and closed-cell stents. Although authors did not breakdown the rate of com-
plications per aneurysm location, their overall results demonstrated safety and
efficacy of the technique at 6-month follow-up [44]. Strauss et al. treated 14 aneu-
rysms in the anterior circulation with the Y-stenting configuration, and among all
lesions, 2 were located at the ICA terminus with no technical difficulties. One of
the patients was successfully treated and achieved complete aneurysm occlusion
at 6 months, but the second patient died 24 h post-intervention, which was attrib-
uted to her poor preoperative status [61]. A more recent publication reported 4
aneurysms out of 20 located in the ICA terminus. The authors reported no peri-
procedural complications and overall good rates of aneurysm occlusion [50].
Similar results were reported by Limbucci et al. in the treatment of two aneurysms
located in the ICA bifurcation [47].
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Anterior Communicating Artery (ACoA) Aneurysms

Aneurysms located in the ACoA account for the most common location based on
historical cohorts with rates ranging between 23% and 39% [2, 62]. Surgical clipping
has demonstrated to be an effective strategy but requires surgical expertise to dissect
the lesion due to the unique position of the arterial segment and arterial branches
which can be difficult to find and easily injured [63, 64]. When a favorable dome-to-
neck ratio is present, coiling with or without device assistance has shown satisfactory
outcomes [65-68]. Occasionally, a single device is not enough to reconstruct the
parent vessel, and dual-stent reconstruction is warranted such as X- or Y-configurations.

When considering Y-stenting configuration, it is paramount to identify both Al
and A2 segments since it is not uncommon to find asymmetry among vessels. As a
general rule, the patient should have a “good-sized” Al artery since the proximal
edges of both stents will be placed in this segment and distal edges will be located
in both of the proximal A2 segments. The ipsilateral ICA should be catheterized
extending into the dominant A1. Subsequently, coils are deployed into the aneurysm
sac with the goal of achieving an initial complete occlusion. Rohde et al. described
the first experience using Y-stent reconstruction for the treatment of a recurrent
ACoA aneurysm using two closed-cell stents (Enterprise) and proof of aneurysm
occlusion at 6-month follow-up [69]. Further small case series have demonstrated
technical feasibility and overall good outcomes [45, 49]. In a Turkish study, the
authors treated 42 aneurysms in the ACoA with dual-stent reconstructions exclu-
sively with closed-cell stents (Enterprise and Solitaire). For 5 out of 42 ACoA aneu-
rysms, they opted for stenting in X configuration. Although angiographic occlusion
rates were not separated per aneurysm location, the overall rate for the total sample
was 97.8% [44]. In a European study, the authors analyzed dual-stent reconstruc-
tions with X- and Y-configuration for the treatment of 105 aneurysms, and among
all lesions, they treated 30 located in the ACoA. Interestingly, in nine patients, the
attempt to place the stent failed, and three of them had their aneurysm located in the
ACoA [70]. Their results were not reported per aneurysm location, but the overall
rate of aneurysm occlusion at the last available imaging follow-up (a mean of
17 months) was 85.8% with only two re-treatments during the study period.

MCA Bifurcation Aneurysms

In general, aneurysms located in the MCA represent approximately 20% of all intra-
cranial aneurysms, and among these, the MCA bifurcation is the most common loca-
tion — approximately 75% of cases [2, 71, 72]. Surgical clipping remains the gold
standard to treat this type of aneurysm due to straightforward access through the
Sylvian fissure. However, endovascular alternatives have been explored, and Y-stent
configuration has demonstrated good clinical outcomes. The first successful case was
reported in 2005 with a dual-stent reconstruction using Neuroform stents [73].
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It is recommended that the distal edge of the first stent be placed in the proximal
segment of the larger M2 branch and subsequently a second device be deployed
from the proximal segment of the other M2 branch to the M1 segment so that the
proximal ends of both stents align. The coil embolization should be performed after
both stents are placed either with the jailing technique or through the stent struts.
Several case series have shown overall good outcomes. Straus et al. treated ten
MCA bifurcation aneurysms with no complications, and imaging follow-up was
available for six lesions demonstrating complete occlusion [61]. Yavuz et al. reported
the largest series of treatments for this subset of aneurysms [44]. The authors suc-
cessfully intervened in 113 lesions that accounted for 58.5% of the total sample, and
most of them (87.6%) were treated with closed-cell stents. Bartolini et al. reported
the treatment of 105 aneurysms, of which 57 lesions were located at the MCA bifur-
cation. As previously mentioned, the authors reported dual-stenting failure in nine
cases, and the most common locations were the MCA bifurcation in four cases and
the ACoA in three [70]. More recently, Limbucci et al. reported a case series that
included 20 MCA aneurysms, and similar to the Turkish study, they performed all
interventions with closed-cell stents in this subset of aneurysms [47]. Although the
authors did not show outcomes per aneurysm location, their study demonstrated the
safety and efficacy in the total sample with two procedural complications and com-
plete aneurysm occlusion in 93.6% at the last follow-up.

X-Stenting Configuration

The X-stenting technique is a valid alternative for the treatment of wide-necked
aneurysms located in the ACoA. The clinical experience is limited to case reports or
small case series with overall good outcomes [74—76]. The technique consists of
deploying one of the stents from one of the A2 segments to the contralateral A1 and
subsequently to navigate the stent system from the opposite ICA and deploy the
second device in the same fashion through the interstices of the first stent placed. We
prefer to coil after both devices are placed. The target is to maintain the patency of
both branches while the X configuration supports the coil mass and decreases the jet
flow entering the aneurysm sac (Fig. 13.2). This hemodynamic phenomenon is
believed to be enhanced with closed-cell stents. Although this technique is feasible,
the major limitation is the vessel size where the stent may be deployed, and we agree
with Saatci et al. that a good-sized Al segment is paramount for the success of this
technique [76]. Otherwise, a Y-configuration reconstruction through the larger vessel
is an alternative option, especially for patients with A1 hypoplasia on one side.
Bartolini et al. reported their experience with dual-stent reconstructions and treated
seven aneurysms with X-stenting configuration [70]. Although the authors did not
perform any conclusive analysis per technique, they described difficulties in dual-
stent reconstructions mostly for aneurysms located in the ACoA and MCA bifurca-
tion. Undoubtedly, larger studies are required to evaluate the safety and effectiveness
of this type of configuration, but outcomes to date are encouraging.
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Fig. 13.2 X-stent
reconstruction for the
treatment of a wide-necked
aneurysm located in the
anterior communicating
artery

Fig. 13.3 Waffle-cone technique for the treatment of an aneurysm located at the basilar apex. A
microcatheter is navigated over a microwire into the aneurysm sac. (a) Once in place, an intracra-
nial stent is deployed within the aneurysm, (b) and finally coils are deployed resulting in a cone-
shaped configuration that preserves both branches (c¢)

Waffle-Cone Technique

The waffle-cone technique is an uncommon alternative to the Y-stenting technique
(Fig. 13.3). This procedure was first described by Horowitz et al. in 2006 and was
described as the “waffle-cone” technique because of the appearance of the stent-coil
combination after treatment [77]. The procedure consists of placing the distal edge of a
stent in the base of the aneurysm neck and coiling through the implant resulting in a
cone-shaped configuration that preserves both branches. This stent configuration is rec-
ommended when the acute angulation of branch arteries at the location of a wide-necked
aneurysm make it difficult to navigate any stent system. Additional benefits include a
reduction in the amount of metal and a technically easier strategy than dual-stent recon-
structions. The waffle-cone technique has been used to treat aneurysms located in the
basilar apex, ACoA, and MCA bifurcation. Initially, open-cell stents were used for this
reconstruction, but successful cases with closed-cell stents have also been reported [78].
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Endovascular Experience per Aneurysm Location
Basilar Apex Aneurysms

Although the clinical experience with the waffle-cone technique is limited, it is a
valid alternative for the treatment of wide-necked bifurcation aneurysms. In the
treatment of lesions located at the basilar apex, accurate measurements should be
obtained of the size of the aneurysm neck and the diameter of the BA in order to
determine the diameter of the stents. The procedure is technically easier than other
reconstructions since only one device is used. The stent system is brought within the
aneurysm sac and carefully deployed to anchor the distal edge of the device inside
the lesion. Once the stent is placed, a rotational cone-beam CT angiogram is recom-
mended to evaluate stent wall apposition. After successful stenting, a microcatheter
is navigated to the aneurysm dome over a microwire through the lumen reconstruc-
tion. Enough coils should be deployed to obtain a near or complete aneurysm embo-
lization. Horowitz et al. described this technique using open-cell stents with
favorable results in four wide-necked bifurcation aneurysms located at the BA with
no complications and immediate near-to-complete aneurysm occlusion [77]. A sim-
ilar successful case was reported by Yang et al. using a Neuroform stent. In theory,
open-cell stents facilitate blood flow from the parent artery through the stent recon-
struction into the branching arteries where it covers them at their origins. However,
a few cases have been reported with closed-cell stents resulting in overall good
outcomes [78, 79]. Compared to the Y-stenting configuration, the waffle technique
involves a shorter total length of stented vessel and no stents overlapping, which
may reduce the risk of stent thrombosis. The rate of periprocedural complications
has been reported up to 2%, mainly thromboembolic events. Regarding aneurysm
occlusion, the rates have ranged between 60% and 100% at the last follow-up avail-
able [77, 78, 80].

ACoA and MCA Aneurysms

Experience with the waffle technique in other locations other than the basilar apex
is very limited in part due to the vascular anatomy which precludes this technique in
certain locations. Only a few cases have been reported; Horowitz et al. successfully
treated one aneurysm located at the ACoA and two at the MCA with no complica-
tions and satisfactory immediate results [77]. Similar results have been described in
the treatment of three ACoA aneurysms and one MCA aneurysm [81]. In the largest
series reported, to our knowledge, in these locations using the waffle technique, Liu
et al. reported 6 ACoA aneurysms and 3 MCA aneurysms with encouraging results
and long-term aneurysm occlusion [80]. Although the technique itself is feasible,
there is no current evidence to support its recommendation for the treatment of these
lesions, and other alternatives should be considered before using waffle technique
for ACoA or MCA aneurysms.
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T-Stent Configuration

The T-stent reconstruction is also known as the nonoverlapping Y-configuration and
was first described by Cho et al. in 2012 for the treatment of six basilar apex aneu-
rysms [82]. Their results showed a safe and feasible alternative to other traditional
stent reconstructions. From a technical point of view, this is a modified Y-stent
reconstruction, and the general rule of stenting the hardest branch should be fol-
lowed. The first stent is navigated into the P1 segment of the PCA, and a microcath-
eter for coil delivery should be placed in the aneurysm sac. The first stent is deployed
from the P1 segment to the basilar trunk. Later, a second stent is navigated and
deployed into the contralateral PCA without overlapping the initial device. Finally,
coils are deployed as compactly as possible under devices protection. This recon-
struction may be performed on a staged fashion, or both stents can be placed in the
same procedure. This technique shows clear advantages over the traditional
Y-configuration: (1) no stent deployment through the struts of one of the devices, (2)
less amount of metal inside the basilar trunk, and (3) proper apposition of the stents
into the arterial wall. However, the alignment of the second stent without overlap-
ping may be challenging, or otherwise, the stent may be placed far distal resulting
in sufficient aneurysm neck coverage to protect against coil protrusion. Therefore,
accurate vessel measurement should be obtained.

Publication on this technique is scant, and long-term outcomes are unknown. To
date, Aydin et al. have published the largest case series [83]. They intervened 24
patients with 24 aneurysms located in the anterior circulation. T-stent reconstruction
was performed using low-profile stents (Leo + Baby; Balt). The technical success
rate was 95.8%, and an immediate total occlusion rate of 79.2% was achieved. The
rate of periprocedural complications was 16.7% with no mortality and a permanent
morbidity of 4.2%. At the last imaging follow-up, the rate of aneurysm occlusion
was achieved in 81.2% of the cases.

Cross-Court Approach for Aneurysm Stenting

When dealing with complex aneurysms, contralateral approaches or posterior to
anterior/posterior strategies are feasible options for stenting (Fig. 13.4). Some
examples of these maneuvers include as follows: ipsilateral Al to contralateral A1l
for ACoA lesions, P1 into the posterior communicating artery (PComm) and distal
ICA (reverse PComm stenting), contralateral vertebral access to posterior inferior
cerebellar artery (PICA) aneurysms, contralateral carotid to A1-M1 stenting for
carotid terminus lesions, contralateral carotid to distal ICA into the PComm, ICA-
PComm approach for P1-P1 stenting for basilar tip aneurysms, and ICA-PComm
approach for basilar and superior cerebellar artery aneurysms. Taking advantage of
these anatomical connections should be taken into consideration before considering
more complex stent reconstructions.
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Fig. 13.4 Case illustration. A 73-year-old male presented to the hospital with a subarachnoid
hemorrhage, Hunter and Hess grade 4. A cerebral angiogram was performed, which revealed a
right vertebral artery (VA) dissection (a) and a pseudoaneurysm (b) arising from the origin of the
right posterior inferior cerebellar artery (PICA). Decision was made to secure the lesion and due
to inaccessibility through the right VA, a contralateral approach was performed. A microcatheter
was navigated through the left VA, and a coiling microcatheter was placed into the pseudoaneu-
rysm sac. (¢) An intracranial stent was deployed from the proximal basilar artery into the left ver-
tebral artery (white arrows). (d) Final digital subtracted angiogram demonstrating complete
occlusion of the lesion and patency of the right PICA, basilar artery, and left VA

Here, we will illustrate the utilization of the contralateral vertebral approach
to PICA aneurysms (Fig. 13.5). Aneurysms located in the PICA are extremely
rare with an estimated prevalence that ranges between 0.5% and 3% [62]. For
lesions involving the VA/PICA origin, the goal of any therapy should be aneu-
rysm occlusion with preservation of the PICA. With the advance of technology
and the development of smaller intracranial stents, endovascular approaches may
be feasible and safe. In fact, current microcatheters may easily be navigated into
any of the vertebral arteries (VAs) and, subsequently, into the PICA. In some
instances, due to the variability in the anatomy of the VAs and the sharp angle of
the PICA origin, a straightforward access may be difficult, and a contralateral
approach to the aneurysm should be performed. The technique consists as fol-
lows: a 6-F guide catheter is positioned in both VAs; then a microcatheter is navi-
gated to the PICA, distal to the aneurysm, through the contralateral VA; and it is
positioned across the aneurysm neck. Then, a microcatheter is navigated to the
PICA aneurysm through the contralateral VA, and it is positioned across the
aneurysm neck. Finally, the stent is slowly deployed. Once the stent is placed, a
microcatheter for coiling is navigated into the guide placed in the VA ipsilateral
to the lesion and navigated through the struts of the stent [84]. Recently, we pub-
lished a dual-center study for the treatment of PICA aneurysms with the LVIS Jr.
stent [85]. This device is an excellent alternative for the treatment of these lesions
since it can be delivered through a 0.017-in microcatheter, which also allows for
coiling. In our series, two patients were treated through a contralateral approach
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.

Fig. 13.5 Case illustration. A 52-year-old female with history of a left-sided posterior cerebellar
inferior artery (PICA) aneurysm that was previously coiled presented with recurrence of the lesion.
Cerebral angiogram with anteroposterior (a) and lateral (b) views demonstrated a daughter sac
coming from the PICA origin aneurysm. Catheterization of the PICA from the ipsilateral vertebral
artery was unsuccessful, and decision was made to navigate a second microcatheter through the
right vertebral artery and ultimately to catheterize the left PICA (¢). A microcatheter was navigated
into the aneurysm sac through the ipsilateral vertebral artery, and the second microcatheter was
positioned across the aneurysm neck; once in place, coils were deployed (d), and an LVIS Jr (white
arrows) was slowly deployed spanning the aneurysm (e). A final angiogram demonstrated patency
of the PICA and near-complete aneurysm occlusion (f). Another valid strategy is to deploy the
stent first and eventually coil the aneurysm through the struts of the device (g)

with no technical complications. Other case series using older stents have
reported technical difficulties and limitations for the treatment of this type of
aneurysms, especially when lesions are located in distal segments of the PICA
[86—88]. Current data are scant to provide enough evidence to support either
surgery or endovascular treatment, but a multidisciplinary team should address
treatment choice for PICA aneurysms.
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Current and Future Endovascular Alternatives for Wide-
Necked Bifurcation Aneurysms

Despite the advance in neuroendovascular technology, there is no current stan-
dard of treatment for bifurcation aneurysms, and other stent-like devices have
been used with encouraging results. The pCONus (Phenox, Bochum, Germany)
is a self-expanding device with four distal petals and a nylon cross in the distal
end of the shaft to support coils inside the aneurysm. The device is designed to
optimize the waffle-stenting technique. The experience with this new technology
is limited to small case series, but results have demonstrated its safety and overall
good rates of aneurysm occlusion at midterm follow-up [89-92].

The PulseRider (Pulsar Vascular, San Jose, CA, USA) is a novel device with
lesser metal content than intracranial stents, and it supports the aneurysm neck
while maintaining coil mass inside the sac. Its deployment does not require branch
vessel catheterization, and unlike y-stenting configuration, one device is sufficient.
However, literature offers limited data, and larger prospective studies are needed to
evaluate the safety and efficacy of this technology [93-95].

Recently, flow diverters have revolutionized the treatment of large side-wall
aneurysms demonstrating safety and long-term efficacy in multicenter cohorts [96,
97]. However, their usage on bifurcation aneurysms remains controversial, espe-
cially because the aneurysm neck may not be completely covered by the flow
diverter and aneurysm thrombosis over time is uncertain. A few case series have
been published with the emphasis on bifurcation aneurysms, and the rate of peripro-
cedural complications has been reported in up to 9.4% with rates of aneurysm
occlusion ranging from 33.3% to 97.7% [98-100].

Based on flow diversion technology, a new concept in intrasaccular flow disrup-
tion has been developed. The Woven EndoBridge device (WEB, Sequent Medical,
Palo Alto, CA, USA) is a self-expanding ovoid mesh that is placed inside the aneu-
rysm sac, modifying the blood flow and inducing lesion thrombosis; additionally, its
placement does not require dual-antiplatelet therapy, and it can be used in acutely
ruptured aneurysms. Several studies have demonstrated its safety, but complete
aneurysm occlusion is far from definitive with rates ranging from 53.1% to 69%
[101-104].

Other devices are currently under evaluation, and preclinical studies have
shown promising results. The Artisse device (formerly known as the Luna Parent
Vessel Occlusion device, LUNA, Medtronic, Minneapolis, MN, USA) is a self-
expanding ovoid mesh of nitinol wires. Its design intends to disrupt the flow
inside the aneurysm, and a study in rabbits showed a rate of 88% complete aneu-
rysm occlusion at 3 months; additionally, microscopic examinations demon-
strated neointimal overgrowth in all cases [105]. A preliminary experience has
been reported in France in the treatment of 64 aneurysms with an excellent tech-
nical profile but suboptimal rates of aneurysms occlusion: 40% at 6-month fol-
low-up [106]. A clinical trial evaluating this device is planned to be started in the
USA in July 2017.
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The Reverse Barrel Vascular Reconstruction Device (VRD, Medtronic,
Minneapolis, MN, USA) is a resheathable stent-like device with a cone shape in the
middle of the implant that prevents coil herniation into the parent vessel. A study in
canine models demonstrated excellent technical outcomes in the treatment of 32
aneurysms, and histological examinations showed neointimal formation onto the
device [107]. An ongoing French registry has reported preliminary results in seven
patients treated with this new technology, and initial results showed immediate
complete occlusion in 71% of the cases and no technical complications [108].

The Endovascular Clip Systems (eCLIPs, Evasc Medical Systems, Vancouver,
BC, USA) is a hybrid leaf-shaped device that works as a flow diverter and as an
intrasaccular flow disrupter. A preclinical study in eight porcine models has shown
a good technical profile and complete aneurysm occlusion at 30-day angiography in
all cases with neo-endothelialization at microscopic examinations [109]. The fast
evolution of new endovascular technology should be taken with cautious optimism,
and pros and cons of each technology should be considered when deciding treat-
ment management for bifurcation aneurysms.

Conclusions

The decision-making process to treat wide-necked bifurcation aneurysms relies on
a thorough knowledge of the patient’s vascular anatomy as well as the neurosurgical
armamentarium available. The goal of treatment should be to obtain a long-term
aneurysm occlusion with patent bifurcation branches. This chapter summarized
complex stent reconstructions that should be considered in the decision process
based on appropriate patient selection and the neurointerventionalist experience.
Certainly, the Y-stenting configuration has demonstrated reproducibility, safety, and
effectiveness for aneurysms in multiple cohorts, but other reconstructions, although
feasible, still lack strong evidence to use in comparison to other approaches. In
addition, future devices should be designed to overcome current difficulties in cov-
ering the aneurysm neck, conformability on sharply curved vessels, and complete
aneurysm obliteration.
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