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Technical Approaches for Coil Embolization of Unruptured
Small Anterior Choroidal Artery Aneurysms: A Focus on
Anatomical Flow Preservation of the Anterior Choroidal

Artery

Dae Chul Suh, MD, PhD

Department of Neurointervention, GangNam St. Peter’s Hospital, Seoul, Korea

The anterior choroidal artery (AChA) supplies the corticospinal tract related to the motor func-
tion of the upper and lower limbs. Aneurysms arising at the AChA are not common and exhibit
various patterns of involvement of the AChA. Hence, managing an AChA aneurysm poses a
high risk of neurological deficits. We report technical issues related to the outcome of coil em-
bolization for unruptured AChA aneurysms. We obtained Institutional Review Board approval
for this study. In the past 2 years, 18 consecutive patients (6 males and 12 females, aged 32-68)
with unruptured AChA aneurysms were treated using embolization. We present technical de-
tails, pre- and post-procedural patient statuses, angiographic outcomes, and recurrence during
a mean follow-up period of 12 months (range 3-25). The patients with AChA (n=18) underwent
stent-assisted coiling (n=14), coiling (n=2), or stenting only (n=2). The technical strategy for
aneurysm embolization included a low-lying approach into the aneurysm, stent-strut abut-
ting (protecting) coil framing to block inflow and avoid compromising AChA flow, and direct
intra-aneurysmal angiography via a microcatheter. Angiographic results showed complete
occlusion (n=11), neck remnant (n=>5), and sac remnant (n=2). During the follow-up, there were
2 recurrences, and 1 of them required a re-procedure. All patients showed no change in clinical
status (modified Rankin scale score=0) and did not experience any ischemic or hemorrhagic
events during the follow-up period. AChA aneurysms can be managed through embolization
using various techniques. Such technical concepts may enhance the safety and improve the
outcomes of AChA aneurysm embolization.
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INTRODUCTION of this artery may produce debilitating

postoperative AchoA syndrome, in-

Anterior choroidal artery (AChA) an-
eurysms are relatively rare, accounting
for 2-5% of all intracranial aneurysms.'
The AChA is a small artery that supplies
critical territory, including the posterior
limb of the internal capsule. Impairment

cluding contralateral hemiparesis.? The
mortality rate and the treatment-related
permanent morbidity rate of surgical
clipping of AchoA aneurysms ranged
from 6% to 33% and 10% to 28.6%,
respectively.® The incidence of postop-
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erative infarctions after microsurgical clipping of AChA aneu-
rysms was reported to be between 4.8% and 7%

Coiling of AChA aneurysms has comparable clinical
outcomes and rebleeding prevention to clipping, with a
significantly lower incidence of AChA infarction than clip-
ping. However, a recent systemic review showed a higher
mortality and lower morbidity rate for coiling compared
to clipping.* These studies were all retrospective and did
not compare the initial patient status and morphological
characteristics of the aneurysms. Some biases could have
been introduced in those studies because the treatment
decisions were based on the surgical or neurointerventional
capabilities of each institute. These variable situations made
the development of the embolization technique challeng-
ing, hindering the establishment of a standardized protocol
and the proposal of a randomized controlled study to gener-
alize treatment methods.

There have been few technical notes on AChA aneurysm
embolization.” While the outcomes of aneurysm emboli-
zation continue to improve, there is a need to emphasize
technical development for specific aneurysms such as AChA
aneurysms. Herein, we present a technical concept based
on our recent case series in which we were able to enhance
both safety and effectiveness.

MATERIALS AND METHODS

Eighteen consecutive patients (6 males, 12 females; aged
38-68) with unruptured AChA aneurysms, who underwent
endovascular treatment in the past 2 years, were included
from a prospectively collected hospital neurovascular data-
base. Inclusion criteria included patients with AChA aneu-
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rysms who underwent treatment with stent-assisted coiling,
coiling alone, or stenting. Patients with multiple aneurysms
were also included if an AChA aneurysm was treated.

Patients diagnosed with an AChA aneurysm but not treat-
ed were excluded. One patient who underwent a cerebral
angiogram for a small AChA aneurysm at our hospital was
scheduled for follow-up, while the remaining 18 patients in
this study were evaluated at external hospitals. The cohort in
this study has not been included in any other research.

This study cohort did not include any ruptured AChA an-
eurysms because there were no cases of rupture during the
study period. Aneurysm size criteria could not be applied
in this study because some patients who initially sought
treatment from a neurosurgeon at another hospital were re-
quired to undergo clipping, despite having small aneurysms.
Subsequently, these patients requested alternative treat-
ments, such as coiling and/or stenting, even after a period of
observation.

The embolization procedure was the same as previously
described.”" Flow diverters can be utilized as an alternative
treatment option. However, they cannot be used in Korea
because the Health Insurance Review and Assessment Ser-
vice has not approved their use for aneurysms smaller than
10 mm in size and those originating in the internal carotid
artery.

Outcome evaluation was measured by post-emboliza-
tion angiographic results and final neurological status after
the procedure. Angiographic results were assessed using a
3-grade scale on the angiogram after embolization: com-
plete obliteration, presence of a residual neck, or presence
of a residual sac. The final neurological status of patients
was assessed using the modified Rankin scale (mRS) score,
ranging from O (normal) to 6 (death), at the time of discharge

Fig. 1. Schematic technical concept diagrams of stent-assisted coiling for an anterior choroidal artery (AChA) aneurysm. (A) After a stent is deployed,
a microcatheter enters the aneurysm using a low-angle approach technique just above the AChA origin through the stent. (B) Coils were packed by
creating a vertical barrier between the stent and the adjacent aneurysm wall to ensure that the flow into the AChA was not compromised. (C) Note
the triangular-shaped inflow zone (asterisks in a magnified box figure) designed to protect the inflow zone to the aneurysm and preserve the flow
into the AChA.
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after the procedure and at the end of the clinical follow-up.
Recurrence of the treated aneurysm was assessed using
magnetic resonance angiography (MRA). Any progressive
occlusion of remnant sac or neck was not evaluated because
MRA was the method used for evaluation and it seemed
unclear to judge whether sac and/or neck remnant were
further occluded or not. We presented technical details, pre-
and post-procedural clinical status, angiographic results, and
the presence of recurrence during a mean 12-month (3-25)
follow-up period.

Techniques

The combination of embolization techniques included a
low-lying approach into the aneurysm, strut-abutting coiling
compaction to avoid compromising the flow into the AChA,
and intra-aneurysmal angiography (IAA) (Fig. 1A-C). IAA was
obtained when the angiogram did not clearly demonstrate
a relationship between the aneurysm and the AChA (Fig. 2).
Once the microcatheter entered the aneurysm, IAA was per-
formed via the microcatheter to identify the precise origin of

Fig. 2. To show the anterior choroidal artery (AChA) origin within
the aneurysm, (A) intra-aneurysmal injection (B) was performed to
demonstrate the exact origin of the AChA, which arose from the aneu-
rysm sac (@rrow).
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the AChA. Aneurysm type was categorized as axillary type, in
which the AChA arose proximal to the aneurysm, or shoulder
type, in which the AChA arose distal to the aneurysm. Medial
to lateral deviation of the AChA origin from the aneurysm
was not evaluated due to the limited resolution of the angio-
gram, especially when the AChA ran parallel to the aneurysm
wall.

Achieving a low-lying approach of the microcatheter into
the aneurysm involves creating a curve of more than 90 de-
grees to allow the tip of the microcatheter to enter the aneu-
rysm from below at the origin of the AChA. The advantage of
a low-positioned approach is to push coils into the aneurysm
sac and prevent the protrusion of coils into the entrance of
the AChA.” If there is any coil protrusion in front of the AChA
with possible flow compromise, perform a pull and push
action of the microcatheter and coils repeatedly until the coil
frame is properly repositioned into the aneurysm (Fig. 3).

Regarding the repeated pull and push action, it was nec-
essary to create a frame to maintain a small space in front
of the AChA origin to ensure that blood flow into the AChA
was not compromised (Fig. 1C). Introduction of the coil
by smooth pulling and pushing repeatedly is essential to
achieve a proper coil position, forming a stable coil frame
that creates a triangular space between the stent strut and
the adjacent aneurysm wall (typically the anterior aneurysm
wall) in front of the AChA origin (Figs. 1, 3). The stent used in
this study was the Neuroform Atlas stent (Stryker Neurovas-
culan).

Although we categorized 3 techniques, they were con-
ceptually intertwined and not easily separable. Since this is a
procedural concept, it would be challenging to establish any
measurable criteria in an objective manner.

Fig. 3. An anterior choroidal artery (AChA) aneurysm with a distinctive bleb (Case 12). (A) Note the AChA arises in the sac. (B) A coil was introduced
to establish a flow barrier between the stent strut and the aneurysm wall (long arrow) using a low-lying microcatheter (short arrow) positioned in

front of the AChA origin. (C) The final angiogram shows a remnant sac diverting the flow into the AChA (arrow). (D) A 15-month follow-up magnetic
resonance angiography shows no recurrence of the aneurysm.



RESULTS

Patients with an AChA (n=18) underwent stent-assisted
coiling (n=14), coiling (n=2), or stenting only (n=2) (Table 1).
All aneurysms were axillary type with a size range of 1.5-5.8

Table 1. Case summary of 18 aneurysms
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mm (mean 3.3 mm). Six patients had multiple aneurysms.
Angiographic results showed complete occlusion (n=11),
neck remnant (n=>5), and sac remnant (n=2). During a mean
12-month follow-up period (range 3-25 months), there were
2 recurrences.

Pa,\t‘isnt Embo Siéir?nisr;) co,i\:so'u(zfe d Coils used (mm) Ste(r;tntised dgggii;ng %) Embo result FU(:\T?)RA Recurrence
1 Coiling 1.5 1 N 1x3 No stent 40 Complete 3 No

2 Coiling 45 3 G 5x15,N 1.5%4,1x3 No stent 39 Complete 25 No

3 Coiling 56 3 G 2x4, HS 1x3,N 1x3 No stent 45 Complete 17 Recur but

stable

4 SAC 19 3 G 4x8,3x4, N 1.5%x4 Atlas 4x15 30 Complete 3 No

5 SAC 2.2 3 G 3x4,N 1x3,N 1x3 Atlas 4x15 39 Complete 9 No

6 SAC 24 1 N 1.5x3 Atlas 3x15 23 Complete 15 No

7 SAC 24 2 N 1.5x4, N 1x2 Atlas 4x15 85 Complete 3 No

8 SAC 2.5 1 N 1.5%3 Atlas 4x15 30 Complete 6 No

9 SAC 26 1 N 1x3 Atlas 3x15 32 Complete 18 No

10 SAC 2.8 2 N 2x4, 1x3 Atlas 4x15 46 Complete 3 No

11 SAC 4.1 1 N 1.5x3 Atlas 4x15 30 Complete 15 Recur &

re-emboat 1y

12 SAC 45 1 T1.5%2 Atlas 3x15 50 Complete 15 No

13 SAC 26 4 G 3x6,N 2.5x4, 2x4, 1x1  Atlas 3x15 39 Neck remnant 9 No

14 SAC 2.7 1 N 2.5%6 Atlas 4x15 26 Neck remnant 13 No

15 SAC 37 1 N 1x3 Atlas 4x15 25 Neck remnant 15 No

16 SAC 5.8 3 G 2.5%5,N 1x3, 1x2 Atlas 4x15 45 Neck remnant 9 No

17 Stenting 27 0 Not used Atlas 4x21 NA Sac remnant 3 No

18 Stenting 4 0 Not used Atlas 4x15 NA Sac remnant 19 No

Embo, embolization; FU, follow-up; MRA, magnetic resonance angiography; N, Target Nano coils; G, Orbit Galaxy Detachable Coil System;
HS, HydroSoft coils; SAC, stent-assisted coil embolization; Atlas, Neuroform Atlas Stent System; T, Target Tetra coils; NA, not applicable.

Fig. 4. A male in his forties (Case 11) with tandem aneurysms (A) at the origin of the right anterior choroidal artery. One year after stent-assisted coil-
ing (B), there was a recurrence (C). Re-embolization was performed by adding more coils within the recurrent sac (not shown).
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Among the 2 recurrent patients, 1 exhibited a small rem-
nant sac after coiling at the elongated neck, from which the
AChA originated. The remaining sac enlarged but remained
stable at the 17-month follow-up MRA, and it was then de-
cided not to retreat it. The other patient underwent stent-as-
sisted coiling for 2 adjacent tandem aneurysms just above
the AChA at the same time (Fig. 4). One-year follow-up MRA
revealed a recurrent sac had developed within the lower an-
eurysm, and re-embolization was performed.

Stenting was done in 2 aneurysms to induce a flow-divert-
ing effect.”™™ One of the aneurysms was a broad-necked
aneurysm at the origin of AChA, which was treated with
stenting using the same stent that was employed for the
stent-assisted coiling of the proximal dorsal wall aneurysm.
The other aneurysm showed that the AChA originated from
an aneurysmal sac on IAA so stenting of the aneurysm was
performed without coil insertion (Fig. 2). The aneurysm
remained stable in size and shape during the 3-month fol-
low-up period. There was no significant change in the aneu-
rysms after stenting during the follow-up period.

The angiogram obtained at the end of the procedure
demonstrated the patency of the AChA. All patients showed
no change in clinical status (mRS=0) after the procedure, and
there were no ischemic or hemorrhagic events during the
follow-up period.

DISCUSSION

Treatment-related complication rates for AChA aneurysms
varied from 4.5% to 50%."* One of the main reasons for such
variable outcomes depended on the vague and complex
vascular anatomy associated with the AChA. Cerebral angi-
ography may not depict the relationship between an aneu-
rysm and the AChA within the aneurysm sac.”"”

When the AChA cannot be separated from the aneurysm
itself, even 3-dimensional rotational angiography cannot
completely demonstrate the relationship of the AChA with
the aneurysm. So, the risk of compromised blood flow tend-
ed to increase with inadvertent coil protrusion into the origin
of the AChA during embolization." Therefore, the procedure
would be risky and ineffective unless there is a technical
strategy to avoid such risks. Such technical development
seems crucial in determining the treatment approach and
expanding treatment options for AChA aneurysms.

Our study revealed that embolization of AChA aneurysms
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can be safe and effective by applying a technical concept to
create space in front of the AChA entrance. The packing of
coils in the aneurysm sac was combined with several tech-
niques involving a low-lying microcatheter approach into
the aneurysm. This resulted in the formation of a rather rigid
coil frame in front of the AChA origin and/or for IAA.

The critical point of the technical concept in this study is to
establish an intentional coil framework between the anterior
wall of the aneurysm and the stent strut (Fig. 1C). To achieve
maximum effect, the microcatheter needed to enter the an-
eurysm through the stent strut after stenting. This way, the
stent strut would physically push down into the aneurysmal
sac to secure the triangular space in front of the AChA. A coil
frame with a triangular space can resist the inflow zone of an
aneurysm and improve the packing of the aneurysm sac.

The concept described in this study has evolved from the
author's experience with 80 out of 956 cases of AChA aneu-
rysms.? Therefore, it may not be generalized and should be
implemented by experienced operators who understand
the physical characteristics of coils, stents, and microcath-
eters, as well as vascular anatomical details. In addition, it
would be necessary to go through the decision-making pro-
cess to determine whether an AChA aneurysm needs to be
treated or not. If treatment is required, which option would
be better: surgical clipping or endovascular management?
Some patients were provided consultation for coiling treat-
ment when they were recommended for clipping to explore
non-surgical treatment options.

Surgical clipping still remains an option for treating AChA
aneurysms. The incidence of postoperative infarctions after
microsurgical clipping of AChA aneurysms was reported to
be between 4.8% and 7% and decreased to 2.7% by using
intraoperative neuromonitoring and intraoperative indocy-
anine green videoangiography (CG-VA).>'®'® However, there
were 4 false-negative cases of postoperative infarctions relat-
ed to the AChA territory that exhibited patent AChA flow on
intraoperative ICG-VA due to a changed positional relation-
ship between the clip and the adjacent vessels. Furthermore,
atherosclerosis near the aneurysm may lead to postoperative
ischemic complications following clipping.

One limitation of our study is that the technical advance-
ments were not adopted by all operators. A randomized
controlled study is recommended to compare efficacy, even
though the incidence of this aneurysm is not common. The
technical concepts recommended by this study may not be
accepted by other operators who have experienced differ-



ent outcomes. If the AChA aneurysm exhibits an anatomical
disposition different from the axillary type, as demonstrated
in our study, modified methods must be employed beyond
those described herein. This study should be subjectively
understood, focusing on a descriptive approach to technical
concepts. However, this concept can also be applied to other
complex aneurysms.

This study cohort did not include any ruptured AChA an-
eurysms because there were no cases of rupture during the
study period. It depends on each patient’s condition wheth-
er the same technique can also be used in the case of a rup-
tured aneurysm, as surgical clipping can be another option
in this emergency situation.

For some patients who initially sought treatment from a
neurosurgeon at another hospital, clipping was required to
eliminate any potential risk of rupture, even in the presence
of small aneurysms. Subsequently, these patients requested
alternative treatments, such as coiling and/or stenting. In
such cases, observation and follow-up studies may also be
recommended to assess the feasibility of monitoring the
aneurysms and to alleviate anxiety caused by the low risk of
rupture, even after a period of observation.

Flow diverters can be used as an alternative treatment
option. However, their use is not permitted in Korea because
the Health Insurance Review and Assessment Service has not
approved them for aneurysms smaller than 10 mm or those
originating in the internal carotid artery.

CONCLUSION

In conclusion, AChA aneurysms can be managed through
embolization with the assistance of various techniques.
The technical concept of such tactical development may
maximize device characteristics and clarify the anatomical
relationship between the AChA and the aneurysm sac. And
thus, such techniques may improve outcomes and safety
in treating AChA aneurysms. Further follow-up and a larger
study may strengthen our study results.
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