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Endovascular Treatments for Aneurysms
. Involving a Major Branch
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Remarkable advances have been made in the endovascular treatment of intracranial cerebral aneurysms. These
advances include various adjunctive techniques, increased indications for endovascular treatment, and improved
treatment results. Furthermore, the number of cerebral aneurysm treatments using flow diverters (FDs) is expected to
increase. However, the reported long-term rate of branch artery occlusion after FD treatment has been reported is
15.8%. Moreover, the complete aneurysm obliteration rate is low if normal branches arise from an aneurysm neck or
dome. Flow diverter placement for ophthalmic artery, posterior communicating artery, and anterior choroidal artery
aneurysms is often difficult because these normal branches often arise from the aneurysm neck or dome. Therefore, in
many cases, coil embolization, which can occlude the aneurysm while preserving branch vessels, should be selected.
Although not yet established, various adjunctive techniques and other endovascular treatments that can be performed
safely have been reported. Treatment must be planned after understanding the advantages and disadvantages of each

treatment method.

Keywords

| Introduction

The development of the interlocking detachable coil (IDC)
in 1995 and the Gugulielmi detachable coil in 1997 pro-
vided additional endovascular options for the treatment of
cerebral aneurysms. Various adjunctive techniques, such
as the double-catheter technique,” balloon neck remodel-
ing,? and neck bridge stent,” have also been developed.
The indications for endovascular treatment are increas-
ing, and treatment results are improving. Flow diverters
(FDs)*» and intra-aneurysmal devices® have been intro-
duced as important treatments for intracranial cerebral
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aneurysms. FDs do not require coil placement within the
aneurysm. Furthermore, simply placing a stent in the aneu-
rysm neck can block blood flow within the aneurysm while
maintaining blood flow in the parent blood and branch
vessels. Therefore, FDs are an innovative treatment option
for aneurysms. When an FD is placed for a sidewall aneu-
rysm, complete occlusion can be achieved in 91% of cases
one year after surgery.” However, the FD is a stent with a
very high metal coverage rate, and the risk of thrombosis
must be considered. Theoretical concerns exist that flow
stagnation may also occur in branch vessels covered by
FDs, particularly in small perforators, resulting in branch
vessel thrombosis. Furthermore, in cases where branches
originate from the neck or dome of the aneurysm, aneurys-
mal occlusion is difficult to achieve, even with FD place-
ment.®? Therefore, FD is not an optimal treatment for such
cases. In many cases, coil embolization, which occludes
the aneurysm while preserving the branch vessels, should
be performed.

This study focused on internal carotid artery aneurysms
to discuss treatment strategies for aneurysm obliteration
while sparing each branch. The internal carotid artery has
branches, including the ophthalmic artery (OphA), pituitary
artery, posterior communicating artery (PCoA), and ante-
rior choroidal artery (AChA). The results of FD treatment



for aneurysms with branched arteries are described in the
below sections.

! FD Treatment for Aneurysms with
Branched Arteries

Ophthalmic artery
Rangel-Castilla et al.'® reported that the OphA was
obstructed in 8 of 76 cases (10.5%) and that the number
of FDs used could contribute to branch artery occlusion.
Four other studies reported OphA occlusion rates ranging
from 0% to 21% after FD deployment.'-'¥ Radiographic
outcomes were available for 54 aneurysms, with complete,
near-complete, and incomplete occlusion rates of 81.5%,
5.6%, and 12.9%, respectively.'> The OphA has collateral
anastomoses with the external carotid artery branches that
could contribute to proximal OphA occlusion if the FD
decreases the flow and the distal anastomosis takes over
the end-organ arterial supply. All occlusions were clinically
asymptomatic and found only on follow-up angiography.
Kim et al. stratified the risk of visual loss during endo-
vascular coiling of OphA aneurysms using temporary
balloon occlusion of the ICA. The authors examined the
alterations in visual acuity during balloon occlusion as a
marker of insufficient collateral supply to the retina. Fur-
thermore, the authors documented limitations in assessing
visual acuity alone during the test and proposed angio-
graphic confirmation of retrograde flow in the OphA as a
marker of collateral vascularity.!® Occlusion of the OphA
is rarely a problem during FD placement. Balloon occlu-
sion test and angiography can determine whether the OphA
can be occluded.

Anterior choroid artery

In recent decades, several classifications of AChA aneu-
rysms have been proposed. Some are used for clipping!”!®
and used only for endovascular treatment.'”?” Duan
reported that AChAs have a high probability of branching
from the neck or the dome, occurring in 46.2% and 28.8%
of cases, respectively.?!

In 1905, von Monakow reported that the AChA sup-
plies blood to the lateral geniculate body. In 1933, Abbie
reported hemimotor, hemisensory, and visual field deficits
as symptoms of AChA occlusion.?? The syndrome caused
by AChA occlusion is currently known as Monakow or
Abbie syndrome.

In patients with Parkinson’s disease, deliberate ligation
of the AChA is often followed by stupor and hemiplegia or
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death in 20% of cases.?® However, because the AChA has
collateral circulation, not all cases show symptoms such as
Monakow syndrome and Abbie syndrome. However, the
symptoms are severe, and the AChA must be preserved.

Four studies reported AChA occlusion rates rang-
ing between 0% and 7% after flow diversion.>!-!3!% No
patients exhibited any signs or symptoms of neurological
deterioration following this treatment.

Razetal. reported that the AChA remained patent, with the
antegrade flow in 28/29 aneurysms (96.5%), whereas 24/29
(82.7%) of the aneurysms were angiographically occluded
on 1-year follow-up angiography (mean = 15.1 months).?*
In OphA occlusion, collateral flow determines the potential
and clinical significance of vessel occlusion. The lateral pos-
terior choroidal artery, posterior cerebral artery, and PCoA
contribute collateral flow to the AChA territory.

Posterior communicating artery
PCoA aneurysms are often treated as ruptured or unrup-
tured. The PCoA usually branches from 2 to 14 (mean: 7)
anterior thalamoperforating arteries (mean: 7) from the
bifurcation side.”> PCoA occlusion may cause thalamic
infarction. Thalamic infarction may occur in cases with
a poorly developed posterior cerebral artery P1, thick
PCoA, and large ancurysm.”® Complete occlusion can be
achieved in 63%—-83% of PCoA aneurysms after FD place-
ment.?” A large PCoA incorporated into the neck or dome
of the aneurysm may maintain the flow to the aneurysm
and prevent occlusion.?®

Of the 11 cases of PCoA covered by an FD, Brinjikji
et al. observed five cases (45%) in which the PCoA was
occluded or flow was diminished at a mean follow-up
of 12.6 months.” None of the patients exhibited clinical
symptoms. Vedantam et al.'> observed one (7.1%) instance
of PCoA occlusion among 11 arteries covered by FD.
Moreover, Rinaldo et al. reported that among patients with
and without fetal-type PCoA (FPCA), the median times
to occlusion were 51 and 6 months, respectively.¥ FPCA
aneurysms require more time to achieve complete occlu-
sion. These findings may influence the treatment selection
for aneurysms in this branch. Conventional endovascular
treatments other than FD should also be considered.

Treatment strategy when reliable branch
preservation is required

As mentioned above, FD placement causes branch occlu-
sion; however, the occlusion rates of the OphA and AChA
are relatively low, and collateral blood circulation is
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Fig. 1
microcatheters are placed inside the aneurysm, and a 7 x 7 Shoryu balloon is placed in the neck. (C) The balloon is inflated to protect the PCoA
bifurcation. (D, E) Angiogram obtained just after the insertion of the last coil. PCoA: posterior communicating artery

present; therefore, neurological symptoms rarely occur.
However, complications such as motor paralysis and blind-
ness must not occur. In cases with concerns about com-
plications, efforts should be made to preserve the branch
using the most available treatment methods.

As mentioned above, in the PCoA in particular, the
rate of branch occlusion due to FD placement is high,
and caution is required. The PCoA usually branches from
the internal carotid artery just proximal to the aneurysm
neck, in which case, it can be safely treated with FD. How-
ever, absolute preservation is necessary when the PCoA
branches from the neck or dome or when the PCoA is an
FPCA, especially in cases where the P1 segment is absent.
Usually, these cases can be treated with the double-catheter
technique, balloon-assisted coiling, stent-assisted coiling,
etc. However, in the case of the PCoA, some cases may
require dual-stenting techniques such as half-T, Y, or T
stents. Various adjunctive techniques have been reported;
thus, the appropriate treatment method should be selected
depending on the case. The adjunctive techniques are
described below, along with our case.

Double-catheter technique

In some aneurysms with an unfavorable angioarchitec-
ture, it may be safer and easier to navigate an additional
microcatheter into the aneurysm sac than to use a balloon
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Embolization performed using a super-compliant balloon to protect the PCoA bifurcation. (A) 3D DSA. (B) Headway 17 and SL-10

or stent. The main advantage of the double-microcatheter
technique is its small profile. This allows easier and safer
manipulation of vessels compared with balloons and stents.
In addition, the small caliber of the microcatheter allows
adjuvant therapy flexibility when necessary. The treatment
of wide-necked and low-height small aneurysms may be
technically challenging. The double-microcatheter tech-
nique may be a safe and effective method for the treatment
of these aneurysms.?”

Balloon-assisted coiling

Super-compliant balloons are useful in neck plasty, espe-
cially bulging neck plasty, for wide-neck aneurysms.’?
When using a super-compliant balloon, even if the balloon
is inserted into the parent artery because it is inflated so that
it reaches the space on its own, it is inflated at the entrance of
the vessel that the surgeon wants to preserve (Fig. 1). Inter-
nal carotid—PCoA (IC—PC) aneurysms often branch several
millimeters away from the neck. In such cases, treatment
with balloon neck remodeling alone is difficult. Addition-
ally, blood vessels with large diameters in the PCoA can be
preserved by placing a balloon in the PCoA (Fig. 2).

Stent-assisted coiling
The stent-assisted technique has a lower complication
rate than the balloon-assisted technique but requires
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Fig. 2
the PCoA. The balloon is then inflated into the PCoA. (D) Angiogram obtained just after the insertion of the last coil. PCoA: pos-
terior communicating artery

long-term antiplatelet drug use. Kwon et al. reported a
modified stent-assisted coil embolization technique using
the far proximal part of a self-expanding open-cell stent.
This technique was used to cover the neck of the aneu-
rysm while preserving the IC-PC branches.’!? A stent
placed in the parent artery can protrude into the intra-
aneurysmal space to protect the branch vessels (Fig. 3).
However, even with this method, treatment is difficult
when the PCoA originates far from the neck. Although
more reports on the usefulness and of safety dual-stenting
techniques are required,?*3% those methods may be use-
ful because they can be performed using common neck
bridging stents.

Dual-stenting technique
Among dual-stenting techniques, overlapping’® and
non-overlapping Y-configuration (in which the stent par-
tially overlaps) stenting techniques have been reported
(Fig. 4). One reported non-overlapping Y-configuration
stenting technique is the T-stent,’” which is expected
to reduce thrombotic complications by not overlapping
stents. However, no differences were observed between
the patients receiving Y-stents and those receiving T-stents
(Y-stent: morbidity, 4%; mortality, 2%; CO, 91%; T-stent:
morbidity, 1.9%; mortality, 1%; CO, 90%).3637

(A) 3D DSA. (B) Working-angle DSA. (C) A Shoryu balloon measuring 4 x 10 is placed from the internal carotid artery to

The half-T-stent technique involves covering the neck of
an aneurysm with a single stent placed in the branch artery.
This method is called the T-stent technique because it par-
tially involves the T-stent technique (Fig. 5).>® Although dual
stenting techniques are not considered completely safe or not
well established to replace FD placement, they are necessary
in some cases. Dual-stenting techniques cannot be performed
on small branches such as the AChA; therefore, the branch
must be preserved using balloon neck remodeling technique
(BNR), double-catheter technique (DC), and herniated stents.

| Discussion

Intracranial aneurysms are the leading cause of stroke.
Treatment has evolved over the past two decades. The
Internal Subarachnoid Trial (ISAT), completed in 2002,
showed that transluminal coiling had a better treatment
outcome than surgical clipping.>® American Stroke Asso-
ciation (ASA) and National Institute for Clinical Excel-
lence (NICE) guidelines currently recognize both surgical
clipping and endovascular coiling as effective treatments
for ruptured and unruptured aneurysms (class I; level of
evidence B) and recommend a “coil first” strategy for both.
The development of endovascular treatments for intracra-
nial cerebral aneurysms has been remarkable, and FD has
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Fig. 3

(A) 3D DSA. (B) A Headway 17 microcatheter is placed inside the aneurysm, and a 4.5 x 23 LVIS (Microven-

tion Terumo, Tustin, CA, USA) stent is placed in the internal carotid artery in the neck using a Headway 21 microca-
theter. (C) Angiogram obtained just after the insertion of the last coil.

Fig. 4 (A) Working-angle DSA. (B) A Headway 17 microcatheter is placed inside the aneurysm, and a Neuroform Atlas stent
system measuring 4.5 x 21 is placed from the PCoA to the internal carotid artery using an SL-10 microcatheter. The SL-10 is
guided to the distal side of the internal carotid artery by passing through the stent strut, and a Neuroform Atlas stent system
(4.5 x 30) is placed in the internal carotid artery. (C) Angiogram obtained just after the insertion of the last coil. PCoA: posterior
communicating artery

become an effective treatment method. FD is a new gen-
eration of stents designed to treat intracranial aneurysms
by isolating the aneurysmal lumen from circulation.*” The
main concern with FD is the risk of perforator blockage,
which makes it undesirable for the treatment of wide-neck
intracranial aneurysms.

Rangel-Castilla reported a 15.8% rate of radiographic
side-branch arterial occlusion after coverage with FD.
These branches included the ACA, OphA, and PCoA. No
AChA occlusions were observed. These instances were
not associated with new neurological deficits.'”? While
some reports suggest that branch obstruction is unlikely
to be a problem, caution is required in cases with FPCA.
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Walace et al. reported that FD was largely ineffective in
treating PCoA aneurysms associated with the FPCA and
should only be considered when conventional treatment
options, including microsurgical clipping, are unfeasible.”
Cai et al. reported that the incidence of postoperative cere-
bral ischemia was higher after PCoA aneurysm clipping
than after coiling. On the other hand, in cases of fetal PCoA,
coiling was associated with significantly more ischemic
complications; therefore, clipping was recommended.*)
Not all cases of fetal PCoA are suitable for clipping, which
is not possible in cases such as those involving large aneu-
rysms with AChA attached. The treatment method must be
selected depending on the case.
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Fig.5
after coil embolization. An LVIS (Microvention Terumo) Jr. stent measuring 2.5 x 13 is placed from the PCoA to the aneurysmal
neck using a Headway 17 microcatheter. (D) Angiogram obtained just after the insertion of the last coil. DSA: digital subtraction
angiography; PCoA: posterior communicating artery

Zada et al. reviewed the treatment of 30 FPCA aneu-
rysms among 273 PCoA aneurysms at a high-volume cen-
ter over a 15-year period. In the FPCA aneurysm group,
24 patients underwent surgical clipping, and six underwent
endovascular coiling. The overall patency of the FPCA
was 96% in the surgical group and 100% in the coiling
group after treatment.*? Although not yet established,
reports suggest that various adjunctive techniques and
other endovascular treatments can be performed safely.
As intracranial aneurysmal coiling requires tight packing,
the risk of rupture complications is higher than that of FD.
Appropriate aneurysm treatment requires an understand-
ing of the characteristics, advantages, and disadvantages
of each device.

I Limitations

This study does not present cases of large aneurysms, and
recanalization may occur in cases of large PCoA aneu-
rysms even when various adjunctive techniques are used.
Therefore, further consideration of treatment methods is
necessary.

| Conclusion

FD is a novel and effective treatment method. However,
some situations require the use of conventional endovascu-
lar treatment methods.

(A) Working-angle DSA. (B) Cone beam computed tomography performed after stent placement. (C) Angiogram obtained
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