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Abstract

The occlusion of intracranial aneurysms
is more successful and stable by properly
planning the approach and application of
endovascular techniques. The next step is a
relentless  analysis  of the different
indications of endovascular treatment,
tailoring a strategy suitable for the specific
case, and making more rational choices for

the management of aneurysms. Indications
and strategies according to the analysis of
the aneurysmal complex are given, as well
as pros and cons of the endovascular
technique according to different anatomical
locations.
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Current perspectives in the endovascular management of intracranial aneurysms.
Indications and practical application of strategies

Introduction

The  endovascular  treatment  of
intracranial aneurysms (Als) has proven to
be safe and effective (1-4) and can therefore
be chosen as a first option in many cases.

Nevertheless, the features of some
aneurysms turn the interventional option
more risky and/or less effective than
surgical management. A deep knowledge of
the aneurysmal complex (5) and the
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availability of new endovascular devices
allows us to devise new strategies and pose
less  arbitrary  indications  for  the
endovascular management of IA. The
“aneurysmal complex” is a novel concept
and embraces three elements never
considered as a whole before: 1) the
aneurysm, 2) the parent vessel, 3) the
morphological, geometric and
hemodynamic relationship of both.

The endovascular perspective must
focus on the aneurysmal complex, (5)
formed by the sac, the parent vessel and the
neck of the aneurysm. It has been suggested
that clinical surveys should report not only
the shape of the aneurysm, but also that of
the parent artery and the configuration in
detail. (6)

Endovascular treatment should focus on
modifying the structure of the vessel, (i. e.
the reconstruction of the parent vessel
through the modification of the anatomy or
vascular architecture) and hemodynamic
factors. The new endovascular approach
must target the relationship between of the
aneurysm to the parent vessel.

Endovascular techniques

In the first part of this series, we already
have explained the morphological and
hemodynamic mechanisms underlying the
development of IA. We also reviewed some
of the available tools for the management of
this serious disorder. From that analysis, we
can mention that the current endovascular
approach  includes  three  different
perspectives:  intra-aneurysmal, vascular
reconstruction or combined.

1. Intra-aneurysmal management:
The goal is the mere exclusion of the
aneurismal sac, without modifying the
hemodynamic or the anatomic features of
the parent vessel. To achieve this
procedure, two different techniques have
been described: the simple coiling (Figure
1) and the balloon-assisted (Figure 2, panels
A-D) or balloon-remodelling technique (5,
7). Both techniques will no induce
permanent modification of the
geometry/anatomy or laminar flow. The
simple coiling is suitable in aneurysms with
small necks able to hold the mesh of coils,
while  balloon-assisted  technique  is
indicated in wide-neck aneurysms, with the
only purpose of preventing the coils of
migrating to the parent vessel lumen. An
additional remark is that in many cases of
wide-neck aneurysms the embolization
with 3-D, complex and 360° coils may
prove useful and successful, without further
assistance of additional devices. (Figure 1,

panels G-I)
2. Vascular reconstruction
This is a procedure intentionally

modifying the flow pattern from the parent
vessel (hemodynamic factor) to induce the
thrombosis in the aneurysm. In some other
cases, an intentional modification of the
anatomical and hemodynamic pattern is
needed. In both situations, the indicated
approach is the sole stenting technique, or
other flow diversion techniques (Figure 4)
(8-14).
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Figure 1
Simple coiling
A-C: Right middle cerebral artery (MCA) bifurcation. A: Preoperative angiogram of a wide-neck ruptured
aneurysm (hollow arrow). B: 3-D coils frame a basket to be filled with helical coils (thick arrow). C: Complete
exclusion of the aneurysm.

D-F: Ruptured aneurysm of the anterior communicating artery D: A wide-neck aneurysm is shown (hollow
arrow). E: Again, 3-D complex coils (thick arrow) allow an uneventful procedure. F: One year follow-up control
angiogram shows no recanalization (thick arrow).

G-I: Giant aneurysm of the cavernous segment of right ICA. G: The dimensions of the lesion (hollow arrow)
allow the placement of coils within the sac. H: Subtotal occlusion (thick arrow) is obtained with GDC 360°
coils. I: One year follow-up confirms the stability of embolization (thick arrow).
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Figure 2
Left ophthalmic ruptured ancurysm. The patient was going to be operated (hydrocephalus) and therefore
stenting was not feasible (antiplatelet drugs needed).
A-D: Balloon-remodelling.

A: Wide-neck lesion (hollow arrow) not suitable for simple coiling. B: A Hyperform balloon (Micro
Therapeutics, Inc.,Irvine, CA) is placed at the neck (thin arrow) and a microcatheter is placed into the sac
(dotted arrow). C: The inflated balloon (thin arrow) prevents herniation of coils (dotted arrow) into the parent
vessel lumen. D: The final run shows a small residual neck.

E-H: Self-expandable stent placement
E: At 6 months follow-up, recanalization (hollow arrow) is observed from coil compactation. F: The self-
expandable stent (thick arrow) Leo plus (Balt Extrusion, Montmorency, France) is placed across the neck. G:
Final run shows no immediate changes in residual neck (hollow arrow). H: At another 6 months, however,
complete occlusion is observed.

3. Combined approach: stent-assisted
coiling combines the advantages of the
abovementioned techniques: a previously
coiled aneurysm which 1is stented or
viceversa. (Figure 3). This technique has
been in use for more than a decade (15) and
is constantly improving: when the sole
stenting technique did not occlude the
aneurysm and it must be coiled in a second
step (7, 10, 8, 11) in those cases, an
insufficient correction of the
geometric’hemodynamic relationships of
the aneurysmal complex may be the cause
of such failures. When both techniques are
combined, the thrombosis of the aneurysm

is favored by coiling and the stability is
maintained by stenting, trying thus to avoid
a later recanalization. (Figure 5)

Indications and strategies according to the
analysis of the aneurysmal complex

The aneurysmal complex as previously
defined is the target of the endovascular
strategy and must be treated according to a
careful analysis of its different components:
aneurysmal sac, parent vessel, neck of the
aneurysm. Their respective relationships
and the angles of the aneurysm with respect
to the parent vessel are key factors.
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Figure 3
Stent-assisted embolization
A-D: Incidental left carotid cave aneurysm.

A: Apparently small neck lesion (hollow arrow). B: During their placement, the coils tended to protrude and
therefore a self-expandable Neuroform3 stent (black arrows) was needed (Boston Scientific, Natick, MA). C:
Final run shows 95% embolization (hollow arrow), while, D: One year follow-up confirms definitive occlusion.
The stent acts as a scaffold. E-I: Incidental left ophthalmic segment multiple aneurysms
E: Their wide-necks (hollow arrows) suggest a large vessel wall defect. F: A self-expandable Neuroform3
(Boston Scientific, Natick, MA) stent (arrows) is deployed. G: One aneurysm (hollow arrow) then another is
coiled. H: Final run shows 90% occlusion (hollow arrow) of both lesions. I: One year control shows total and
stable occlusion. The stent allows parent vessel reconstruction. J-M: Giant aneurysm of left ophthalmic segment
(dorsal carotid) J: The lesion is partially thrombosed (hollow arrow) and recanalization is frequent in this
location, and therefore, simple coiling was not option. K: A self-expandable Neuroform3 (Boston Scientific,
Natick, MA) stent (black arrows) was placed at the neck and the lesion embolized with coils. L: Immediate
post-operative control showed patency of the aneurysm and a second Neuroform3 stent (dotted arrow) was then
navigated, overlapping the first stent (black arrows), M: Six months follow-up angiogram shows permanent
occlusion of the aneurysm.
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Figure 4
Sole stenting: These figures were already published in the quoted references.
A-C: P2-P3 segment of the left posterior cerebral artery (PCA)
A: This distal lesion (hollow arrow) arises at an angle (dotted arrow) of the PCA. B: Contrast stasis within the
ancurysm (hollow arrow) can be seen after the placement of a balloon-expandable Pharos stent (Micrus Corp.,
Sunnyvale, CA) at the neck of the lesion. C: Six-month control angiogram shows permanent occlusion of the
aneurysm and a change in the geometric shape of the parent vessel is clearly seen.

Zenteno M, Modenesi Freitas JM et al. Balloon-expandable stenting with and without coiling for wide-neck and complex aneurysms.
Surg Neurol. 2006 Dec;66(6):603-10; discussion 610.

D-F: Lesion of the two first segments of the left superior cerebellar artery (SCA).
D: A ruptured aneurysm (hollow arrow) arises at an angled portion (dotted arrow) of the parent vessel. E: After
the placement of a stent, contrast stasis (hollow arrow) is appreciated within the aneurysm and the segment is
straightened. F: One year follow-up shows complete thrombosis of the aneurysm.

Zenteno M, Santos-Franco J et al. Superior cerebellar artery aneurysms treated using the sole stenting approach. Technical note. J
Neurosurg. 2007 Oct;107(4):860-4.

G-H: Lesion at the angle of the PCA and SCA.

G: Partially thrombosed aneurysm (hollow arrow). H: The deployement of a self-expandable Neuroform3 stent
(Boston Scientific, Natick, MA) leads to progressive thrombosis at 3 months (hollow arrow). I: One year control
angiogram demonstrates complete occlusion. SES do not modify geometry, but hemodynamic factors like wall
shear stress, inflow and outflow.

Zenteno MA, Santos-Franco JA et al. Use of the sole stenting technique for the management of aneurysms in the posterior

circulation in a prospective series of 20 patients. ] Neurosurg. 2008 Jun;108(6):1104-18.
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Figure 5
Recanalization and retreatement of a right ophthalmic segment large aneurysm (Figures already published)

A (oblique) & B (lateral): Angiography of recanalization showing the compaction of coils (hollow arrows) and
large residual neck (thick arrows). C: Lateral view during the navigation of a balloon-expandable Pharos (Micrus
Corp., Sunnyvale, CA) stent (thin arrow) and compacted coils (hollow arrows). D & E: Deployed stent (thin
arrow), further coiling (thick arrow) and previous (hollow arrows). F: Six-month control shows stable
occlusion.

Zenteno M, Modenesi Freitas JM et al. Balloon-expandable stenting with and without coiling for wide-neck and complex aneurysms.
Surg Neurol. 2006 Dec;66(6):603-10; discussion 610.

A) Aneurysmal sac:

1. Status of the aneurysmal sac

Unruptured lesions. In this case, a more
liberal approach is possible concerning the
use of stents, as antiplatelet drugs may be
used under less constraints. Moreover, the
absence of vasospasm allows a better
analysis of the morphology of the
aneurysmal complex.

Ruptured lesions. In these cases, the
clinical status of the patients and other
factors related to the rupture must be
carefully evaluated, especially with a
rigorous pre-treatment imaging work-up.
These factors are subarachnoid hemorrhage
(SAH), intracranial hematomas
(intraparenchymal, subdural, epidural),
intraventricular bleeding, hydrocephalus,
cerebral edema, and the severity of

vasospasm, with its ischemic consequences.
(Figure 6) Patients who present a space-
occupying lesion with mass effect should be
operated for evacuation of the hematoma
and, whenever possible, to secure the
aneurysm. We should be especially cautious
in selecting the candidates for the
placement of a stent either for sole stenting
or for stent-assisted coiling, because
antiplatelet drugs are mandatory in those
cases, preventing these patients from being
operated without the risk of bleeding
complications (cf. intra-stent thrombosis
and antiplaltelet drugs, in the first part of
this series). In such cases, balloon
remodeling may be an interesting option.

The clinical condition of the patient
should be carefully assessed. (16)
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Figure 6
Endovascular management of severe vasospasm due to a ruptured aneurysm.

A & B: Hypodense areas in the territory of both anterior cerebral arteries (ACAs). C & D: Ruptured aneurysm
(hollow arrow) of the carotid bifurcation. Severe vasospasm (black arrows) of both ACAs, with recovery of
normal vessel diameter (paired thin arrows) after intra-arterial infusion of nimodipine. E-G: The aneurysm

(thick arrow) was embolized. H-J: MRI confirmed hypoperfusion of pericallosal arteries territory (red arrows).

K: The patient fully recovered, in spite of preoperative paraparesia.

TABLE 1
Suitability of interventional management according to the size of aneurysmal sac and neck
Size of the sac Appropriateness Size of the ostium Appropriateness
<2mm +
Small +++++ Small +++++
Large ++++
Giant +++ Large +++++
Patients with grade I and II in the Hunt management is an ethical issue. Grade
and Kosnik scale use to be good candidates III/IV patients are potential candidates. In
for interventional management, while in these cases, we should precisely inquire

grade V patients, any kind of definitive about the events which are involved in the
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impairment of clinical conditions; for
instance, vasospasm can frequently be held
responsible for this impairment and
pharmacological ~ (17) or mechanical
angioplasty may be a resource to be used for
the rescue of the patient. (Figure 6) Patients
with mass effect due to a hematoma and/or
clinically unstable hydrocephalus are poor
candidates to interventional management;
however, small hematomas which do not
produce mass effect or intracranial
hypertension (ICH) or hydrocephalus not
causing ICH can be good candidates to
embolization. The technique to be used
must be tailored to the specific features of
the aneurysm: size, (table 1) neck width,
(table 2) configuration of the parent vessel,
and so on. Concerning this particular point,
we can mention that intentionally partial
embolization with coils may provide a
transient protection of the sac against
further rupture, to prevent rebleeding in
patients who cannot undergo a normal
vessel reconstruction because of their
clinical status or when surgery is not an
option (poor clinical status, vasospasm,

severe comorbidities). In such patients, the
aneurysm can be secondarily secured later
using either approach. Patients with a
previous bleeding (Hunt and Kosnik grade
1A) whose aneurysm has not been secured
can be considered from that point of view
as non ruptured aneurysms.

2. Size

Aneurysms have traditionally categorized
according to size: (18, 19) for grading
aneurysmal size, we use the recently
published standard of the AHA(4) (small
aneurysms (< 5 mm) medium aneurysms
(5> X <15 mm), large aneurysms (15 > X
< 25 mm) and giant aneurysms (X >25
mm).

Smaller than 2 mm: These lesions are
poor candidates to coil embolization, as
coils below this diameter are not available,
and periprocedural risk of rupture is high.
Another option may be surgical wrapping,
but this surgical technique has not shown
enough evidence in the prevention of
rebleeding.

TABLE 2

Suitability of interventional management depending on location in anteriot/posterior circulation

Anterior circulation Posterior circulation
Location Appropriateness Location Appropriateness
Cavernous +++++ Vertebral +++++
Paraclinoid ++++ VB junction +++++

PCom +++++ proximal basilar +++++
ICA Bifurcation ++++ distal basilar +++++
proximal MCA ++++ * PICA +++
MCA bifurcation ++ * AICA +++
distal MCA ++++ *SCA +++
ACom +4+++ basilar bifurcation +++++
ACA bifurcation ++++
distal ACA ++++
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PCom: posterior communicating segment, ICA: internal carotid artery, MCA: middle cerebral artery, Acom:
anterior communicating artery, ACA: anterior cerebral artery; VB: vertebrobasilar, PICA: posteroinferior
cerebellar artery, AICA: anteroinferior cerebellar artery, SCA: superior cerebellar artery.

* : proximal segments of these arteries are highly accessible to interventional management
Table legends: +: poor, + +: low, + + +: indicated with reserve, + + + +: good indication, + + + + +:
excellent indication

In such cases, surgical wrapping has not
shown enough evidence to prevent
rebleeding. (4) On the endovascular side,
the redirection of flow seems the best
option, and the sole stenting technique
allows to treat both the diseased parent
vessel and induce the thrombosis of the
aneurysm. Zenteno et al report a risk of 5%
for rebleeding after sole stenting in
posterior circulation aneurysms. (8)

If the aneurysmal SAH is associated to a
complication  requiring a  surgical
management, the sole stenting technique is
relatively contraindicated. (cf. integrity of
the aneurysmal sac).

Small aneurysms: there are good
candidates for embolization. Simple coiling
is a viable option, because they usually
harbor a small neck; other factors have
must play a role, like vectors, flow
direction, aspect and status of the parent
vessel, to avoid recanalization. Aneurysms
at some particular locations are a good
example to illustrate our hypothesis: 1)
aneurysms of the ophthalmic segment of
the internal carotid artery (ICA), located at
the dorsal wall of the supraclinoid ICA, 2)
basilar tip, 3) ICA bifurcation. They behave
as terminal lesions, and even small
aneurysms with a small neck do recanalize
in spite of an initial good coiling, because
hemodynamic and morphologic/geometric
factors were not considered. (Figures 2 & 5)

The use of stents as ancillary tools in
those cases may prove useful and prove
stable and lasting results. (Figure 3, panels
J-M) (11, 20).

The following factors are additional
elements which may suggest a beneficial
effect of a vascular reconstruction with a
stent or another flow diverter: wide-neck,
unfavorable geometry, or a diseased parent
vessel.

Large and giant aneurysms: Their
natural history is marked by high rates of
morbidity and mortality, and must be
secured in spite of procedure related risks.
(21) Giant aneurysms are a challenge to
endovascular management: (19) 1) they
require the wuse of multiple devices,
increasing risks and costs; 2) mass effect
after embolization may improve in most
cases, but some exceptions have been
reported. (22) The coiling of such lesions
may worsen cranial nerve compression,
while as in other cases symptoms improve;
no clear factors explaining this ambiguity
had been elucidated till recently, (22) 3) in
some cases the neck is large, involves an
important part of the parent vessel
circumference and will therefore include
rami which might be occluded when
treated. (19, 23) The majority of
complications and treatment failures occur
in this kind of aneurysms, even if surgical
rates of morbidity and mortality are not
really lower. (19) In the pretherapeutic
workup of gilant aneurysms, balloon
occlusion tests are fundamental in the
assessment of collateral circulation. (24)

Collateral circulation is inadequate when
the angiographic delay between the venous
drainage of the injected and the occluded
hemisphere was not >2 seconds or when
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clinical manifestations of hypoxia are
present. (25) The occlusion of the parent
vessel is sometimes the definitive treatment,
(26-35) The current development of
endovascular techniques and devices allows
to avoid parent vessel sacrifice and is the last
resource which should be applied only
when other strategies have failed. The
endovascular approach can range from
simple coiling (Figure 1, panels G-I), stent-
assisted embolization (Figure 3, panels J-
M), vascular reconstruction or a combined
approach. (Figure 5)

Parent vessel occlusion (PVO) must be
the last resource. Long-term effects of PVO
have not been evaluated, and may be less
indicated in younger patients or in the
elderly: the development of de novo
aneurysms in such patients has recently
been described. (36)

There are some cases where a vascular
reconstruction is the most suitable solution:
1) very large neck (cf. ostium), 2) lesions
arising at a dysplasic segment of the vessel,
or with adverse geometry/hemodynamics.
By acting so, the likelihood of coil
compaction and recanalization of the lesion
may be decreased. Another good option to
prevent compaction and recanalization may
be the use of the HydroCoil (37)
embolization system. (Figure 5) In some
cases of wide-neck aneurysms, there is no
need to modify the anatomic/hemodynamic
teatures of the lesion and a plain coiling
with 3-D, complex or 360° coils may prove
sufficient. (Figure 1, panels G-I) Giant
aneurysms often harbor intrasaccular
thrombi, (38) and therefore a distal
migration of emboli is possible during
embolization procedures. (39, 40) for the
preoperative imaging workup of such
aneurysms, magnetic resonance 1maging
(MR) and  computed  tomography

angiography (CTA) are a useful tool for the
assessment of these aneurysms, and the
stent can act as a barrier to prevent the
migration of thrombi. Several cases of giant
aneurysms successfully managed with sole
stenting technique or other flow diverters
have been reported. (12, 14) New devices
like the X-calibur Aneurysm Occlusion
Device (Merlin MD, Ltd, Singapore) have

been developed and clinical trials in
humans have started. (Zenteno,
unpublished data)

B) Ostium:

The ostium or neck is the area where
blood enters into (inflow) and comes out
from (out-flow) the aneurysm. This is the
precise location where muscular fibers and
internal elastic lamina are weakened and
progressively disappear into the sac. A large
neck has been defined when it is above 4
mm or dome/neck ratio is below 1. 5. (41)

1. Small ostium: they are suitable for
simple coiling without the need of any
additional device.

When the lesion is located in a curved
segment or in a dysplasic segment of the
vessel, the placement of the stent may help
in modifying the geometry or treating the
diseased vessel (v. g. in some aneurysms of
the ophthalmic segment of the ICA or at
the basilar tip). In posterior circulation
aneurysms with a small neck, the SS
technique has shown to be an effective
technique. (8, 11)

2. Large ostium: a large neck is
responsible for the exaggerated growth of
the aneurysm, as it allows recirculation of
blood, resulting in the fatigue of the wall of
the sac; it is therefore not a coincidence if
large or giant aneurysms usually have large
necks. On the other side, the forces
generated by blood flow are higher at the
distal portion of the neck, favoring the
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rupture  of the  aneurysm.  (42)
Compactation and recanalization are both
favored by the dynamic force on already
embolized aneurysms. For these reasons,
we relieve that the stent is mandatory in
presence of such necks. Additionally, when
the geometry is  unfavorable, we
recommend the use of a balloon expandible
stent (BES). (Figure 4) (8-11) In cases of
acute SAH with a contraindication for the
placement of a stent, the simple coiling can
be initially performed to protect the sac
with different techniques, either balloon
remodelling (Figure 2) or with 3-D,
complex or 360° coils. The placement of a
stent can be done later in a second
procedure, once the complications of the
acute stage have passed an a safe stenting is
possible (cf. integrity of the sac).

C) Parent Vessel:

We are sure that once the parent vessel
has been modified with any vascular
reconstruction technique, the embolization
of TA will be a definitive and successful
management of these lesions. We are aware
of the controversy behind these concepts.

1. Anatomic and geometric aspects:
La reconstruction with a stent is highly
recommended and is sometimes required in
cases where the vessel has an irregular
shape or seems truly dysplasic. When the
lesion arises at the top of an angle or at the
convexity of a curved segment of the parent
vessel, the straightening of that segment is
recommended to shift the flow away from
the diseased wall and decrease the inflow
into the aneurysm; (Figures 3 & 4) a BES is
efficient in the supraclinoid ICA, while the
SES has shown the ability to correct the
geometry of vessels distal to the circle of
Willis. (8-11) Beyond their role of an
ancillary  tool in  stent-assisted  coil
embolization, stents can decrease the rates

of recanalization due to the modification of
geometric and hemodynamic aspects. In
these situations, the SS technique can also
be used, especially in incidental aneurysms.
The role of the SS technique in giant
aneurysms has to be defined in larger series;
our group has a unique example of total
occlusion with a 10 years angiographic and
clinical follow-up. (14)

2. Hemodynamic aspect. The
hemodynamic phenomena are responsible
for the birth and development of
aneurysms. As soon as the wvascular
geometry is changed by the stent, the force
vectors of dynamic and static pressures on
the vascular wall are also modified. (8-11,
43-50) Additionally, the stents modify the
laminar flow and decrease the WSS,
therefore slow and even prevent the growth
of the aneurysm.

This phenomenon is better visualized in
sidewall aneurysms or in lesions which do
not receive a direct effect of flow impact. As
far as we have observed, the low radial force
of SES leads to an imperfect wall
apposition, leading to a definitive change of
the WSS. The modification of the
hemodynamic pattern leads to an intra-
aneurysmal  stasis,  thrombosis  and
occlusion of the aneurysm, as we have
shown several times in  previous
publications. (8-11, 14)

In cases with previous coiling, the stent
decreases the impact of the dynamic forces
of blood flow against the coils’ mesh, thus
decreasing the likelihood of recanalization.
(11, 19, 20)

D) Location of the aneurysmal complex

1. Anterior circulation: Most of them
are accessible to embolization. (table 3) The
two locations which have traditionally
represented a challenge to interventional
management are anterior communicating
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artery and middle cerebral artery
bifurcation aneurysms. Their neck is often
large and their anatomy is is a little bit more
complex to allow an  uneventful
deployment of a stent.

Anterior comunicating artery complex
harbors hypothalamic and chiasmatic tiny

vessels, which represent a technical
challenge to both techniques. Their
occlusion leads to complex clinical

situations like the hypothalamic syndrome
or a massive motor deficit, as during the
occlusion of the recurrent artery of
Heubner. The technical development of
complex and 360° coils, (Figure 1, panels
D-F) the balloon remodeling with
compliant devices and SES have largely
improved the performance of interventional
management of aneurysms at this location.
In the MCA bifurcation, surgery has
classically yielded better results; the use of
remodeling provides promising results in
selected cases. (unpublished data, Dr.

Freitas).

2. Posterior circulation: (table 4) In
several ~ comparative  analyses,  the
endovascular  technique offers  better

anatomical results, with a more favorable
clinical evolution and shorter hospital stays,
compared to the open surgical approach. (1,
2, 51-53) more than half of lesions originate
at the basilar tip or at the junction of the
vertebral artery (VA) and  the
posteroinferior cerebellar artery (PICA).
(18, 54)

Vertebral and posteroinferior cerebellar
artery (PICA):

The vertebral aneurysms are of a
relatively simple access to interventional
management, and assisted - or simple
coiling may be both applied, vascular
reconstruction. The aneurysms of the
posterior communicating artery itself are

rare, but many of them can have large
dimensions even if the parent vessel has a
small diameter.

The interventional management of
PICA aneurysms is feasible in the two first
segments, where simple coiling or stent-
assisted coiling are readily available.
Endovascular therapy cannot easily reach
the distal segments, unlike surgery with
suboccipital, retrosigmoid and far lateral
approaches. (55) in these aneurysms,
interventional neuroradiology offers an
alternative for the parent vessel occlusion
(PVO) when surgery is not indicated.

Anteroinferior cerebellar artery (AICA):
They represent less than 1% of all IA. (56)

Thanks to the development of
microguidewires and microcatheters, the
aneurysms of the premeatal segment (57)
are more accessible and may be embolized
with coils. Their management remains a
challenge in case of large necks: stent-
assisted coil embolization is tough because
the parent vessel is the tortuous and its
diameter is small, making of PVO a possible
solution. The meatal and postmeatal
segment (57) are less accessible to
interventional radiology: the occlusion of
the two first segments of the AICA can lead
to stroke of the lateral aspect of the
brainstem, the middle cerebellar peduncle,
the cerebellar hemisphere and cranial
nerves VII/VIII complex. The occlusion of
the post-meatal portion is more benign
because of more profuse collateral
anastomoses of AICA with PICA branches.
No specific pattern predictive of good
collaterality exists, but a dominant PICA
may be a clue. (55)

Superior cerebellar artery (SCA): they
barely account for about 0. 2% of all IAs.
(Figure 4) (18, 57, 58) Most of them are
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saccular, even if fusiform and dissecting
lesions are also encountered. (59-63)

The endovascular approach is less time-
consuming and the access to the first two
segments (anterior pontine and ambiens) of
the ACS is without technical difficulties,
even if more distal segments are harder to
catheterize. (10) The reports of ACS
aneurysms treated by embolization are
scarce, (10, 64, 65) and in some of them
PVO has been the only solution.

This parent vessel sacrifice must be
performed in case the aneurysms originated
at the distal segments (quadrigeminal and
cortical), because the occlusion of proximal
segments may involve not just the
cerebellar hemisphere, but the tegmentum
of the pons, the superior cerebellar
peduncles and the dentate nucleus. (55, 66)

Our group has reported the successful
management of aneurysms of the first
segment of the ACS with the SS technique,
and those are the only reported cases in the
world literature. (10)

Basilar trunk (BT): Aneurysms of the
BT located at the origin of the SCA or the
AICA, are often mistaken as being properly
aneurysms of those arteries and are very
accessible to embolization procedures.
Simple coiling may be the suitable solution,
but as large necks are common, the
placement of a stent is often recommended.
The use of the SS technique has shown
effective results in well selected cases, (8,
14) even if more experience of the operator
is needed. (Figure 4, panels G-I) In spite of
the advancements of the technique and the
endovascular devices, sometimes the only
solution is PVO to promote the thrombosis
of the aneurysm. For this kind of
maneuver, balloon test occlusion is
mandatory for an adequate assessment of
the collateral supply.

Basilar apex: Roughly 19% of the cases
use to be giant lesions generally with a large
neck, (67, 68) thereby with poor coil
retention. Their morphology is less
spherical and more irregular, while their
“T-shaped”  configuration favors the
hemodynamic factors tending to promote
recanalization. Several technical attempts
have been devised to overcome these
obstacles, and the most efficient is the
placement of a single stent or of more
devices in "Y'-configuration = stenting
technique for adequate coil support (69)
and deviation of hemodynamic forces. (70)
Short term results are promising, but a
longer follow-up is mandatory, to define
the recanalization rate. (68)

Dissecting aneurysms of the vertebro-
basilar system:

Two different kinds of approaches can
be  performed:  deconstructive  and
reconstructive procedures. (71-75) the first

type requires PVO with coils and/or
detachable balloons. (34, 76-89) To
perform such procedures, a BTO is

required. When the aneurysm is located at
the level of the origin of PICA or of the
anterior spinal artery, or when collateral
circulation is insufficient, the PVO can be
contraindicated. When collateral circulation
is poor, a surgical by-pass can be an
additional tool. (77, 82, 83, 88, 89) Even if
such procedures are an efficient technique
with good long term results, late severe
complications like ischemic lesions of the
brainstem or retrograde recanalization have
been described. (34, 73, 77, 81-83, 89-94)
Reconstructive procedures try to occlude
the aneurysm while keeping patent the flow
in the parent vessel. (72, 75, 95) Stent-
assisted embolization appears feasible and
suitable. (15, 50, 96, 97) The SS technique
has already been reported for a successtul
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management of dissecting aneurysms. (71)
Zenteno et al prospectively treated 11 such
patients, with curative resultats in 90. 9% of
the cases, with a one year follow-up. (8)
Ahn et al describe their experience of 9
years with 13 cases of dissecting aneurysms
of the vertebral artery. (75) In 9 cases,
dissections were exclusively managed with a
stent, and the other 4 with a double stent.
In angiographic follow-up of 6 and 12
months they showed a complete occlusion
in one half of the cases, and the other half
remained stable in spite of an incomplete
occlusion. These authors underline the fact
that the cases with angiographic cure are
those with a double stent. Other authors
also suggest a double stenting/overlapping
stents as a way to increase the likelihood of
occlusion. (98) The sole stenting technique
not only preserves the flow of vessels
arising from the stented segment, buy also
occasionally allows to wvisualize vessels
which were previously not seen befote the
placement of the stent. (8, 10)

Conclusions
The available devices and better
understanding of the diseases have

progressively transformed most of the IA
amenable to an endovascular management
under acceptable conditions of morbidity
and mortality and with immediate anatomic
results which range from fair to excellent.
The new deal for the interventionalist must
be targeted at finding strategies which will
decrease the rates of recanalization. The
techniques of vascular remodelling and the
use of devices which modify the
hemodynamic and morphologic features
(stents, flow diverters, flow modifiers) have
shown results which are promising, safe,
effective and durable beyond the one year
follow-up period. Longer and more

rigorous follow-up is needed to determine
the precise rates of recanalization and
rebleeding in these new directions of
management.
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