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Treatment Outcomes in Patients with
Unruptured Anterior Choroidal Artery
Aneurysms: A Single-Center Experience

Mikako Nomoto, Tomoki Kidani, Masayoshi Kida, Koji Kobayashi, Yosuke Fujimi, Saki Kawamoto, Nobuyuki Izutsu,
Katsunori Asai, Yonehiro Kanemura, Shin Nakajima, and Toshiyuki Fujinaka

Objective: Treatment of anterior choroidal artery (AChA) aneurysms is frequently associated with ischemic complications.
This study aimed to report the outcomes of treatment of unruptured AChA aneurysms in our hospital.

Methods: Between January 2015 and March 2022, 40 patients were treated for an unruptured AChA aneurysm in our
hospital. Age, sex, aneurysm size, AChA branching type, treatment, occlusion rate, complications, modified Rankin Scale
(mRS) score before surgery and after 90 days, and recurrence were investigated. The branching type was classified as
internal carotid artery (ICA), neck, or dome type based on the location of the AChA origin.

Results: The mean age was 61.1 + 1.9 years; 15 patients were men and 25 were women. The mean aneurysm diameter
was 4.4 + 0.3 mm. The branching type was ICA in four patients, neck in 35, and dome in one. Treatment was surgical
clipping in 22 patients and endovascular coil embolization in 18 (14 with stent assistance). Motor-evoked potential (MEP)
monitoring was used in all patients of the clipping group and 9 cases of the coiling group. Treatment complications
occurred in eight patients (20%). mRS score worsened by more than one point 90 days after treatment in four patients
(10%); however, the proportion of patients who experienced this did not significantly differ between the clipping and
coiling groups. Although the odds of a thrombotic complication were higher with coiling than clipping, the difference
was not significant (odds ratio: 10.2; P = 0.08). The rate of complete occlusion was lower in the coiling group (72.2%
vs. 95.3%), but the difference was not significant. The median follow-up was 696 days (range: 99-2053). No aneurysm
recurrence or rupture occurred.

Conclusion: AChA branching type is important for treatment decision-making in patients with AChA aneurysms. Rates
of complications and occlusion do not significantly differ between clipping and coiling of AChA aneurysms. MEP monitoring
may be useful in preventing thrombotic complications during coil embolization.
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I Introduction evoked potentials (MEPs)? and use of indocyanine green

video angiography during aneurysm surgery® can reduce

Treatment of anterior choroidal artery (AChA) aneurysms
is frequently associated with ischemic complications.?
Intraoperative electrophysiological monitoring of motor
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the incidence of these complications. In this study, we
present the outcomes we have achieved with surgical clip-
ping and coil embolization of unruptured AChA aneurysms
since 2015. In addition, we discuss the optimal treatment
strategy.

[ Materials and Methods

The study was approved by the ethics committee of Osaka
National Hospital and performed in accordance with its
guidelines (approval number: 21036). Informed consent
was obtained using the opt-out method. Eligible patients
could decline to participate via the ethics committee’s
website.
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ICA type Neck type

Dome type

Fig. 1 lllustrations of anterior choroidal artery branch types. With
the internal carotid artery type, the anterior choroidal artery arises
directly from the internal carotid artery. The neck type arises from the
aneurysm neck, and the dome type arises from the dome. ICA, inter-
nal carotid artery

Among 627 consecutive patients with unruptured cere-
bral aneurysms treated in our hospital between January
2015 and March 2022, 40 harbored an AChA aneurysm
(6.4%) and were included for analysis. The following data
were recorded: age, sex, aneurysm size, AChA branching
type, treatment, occlusion rate, surgical complications,
modified Rankin Scale (mRS) score before treatment and
after 90 days, and recurrence. The branching type was
classified based on the location of AChA origin as internal
carotid artery (ICA), neck, or dome (Fig. 1).% In our hospi-
tal, clipping is generally the procedure of choice in patients
with an ICA branching type because it is safe owing to the
distance between the aneurysm neck and the AChA origin.
We usually prefer coil embolization in those with neck or
dome branching types, provided the AChA can be safely
protected by a balloon or stent; however, clipping may be
selected depending on laterality and the planned approach
route.

Aneurysm occlusion was assessed using angiog-
raphy immediately after coil embolization and using
three-dimensional computed tomography angiography
1 week after clipping. Severe neurological deterioration
was defined as a >1-point increase between the pretreat-
ment and 90-day follow-up mRS scores. MEP moni-
toring (MEE-1216; Nihon Kohden, Tokyo, Japan) was
performed in both surgical clipping and endovascular
coil embolization procedures. Indocyanine green video
angiography (Diagnogreen; Daiichi Sankyo Company,
Tokyo, Japan) and microvascular Doppler ultrasonog-
raphy (DVM-4500; Hadeco, Kanagawa, Japan) were
used in surgical clipping procedures. For coil emboli-
zation, we mainly used an 8 Fr FUBUKI (Asahi Intecc,
Aichi, Japan) guiding catheter, AXS Vecta 71 (Stryker,
Kalamazoo, MI, USA) or Cerulean DD6 Plus (Medikit,
Tokyo, Japan) distal access catheter, Excelsior SL-10
(Stryker) microcatheter, and Synchro Select (Stryker)
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Table 1 Patient characteristics
N =40

Age: mean + SD (years) 61.9+1.9
Sex

Male 15

Female 25
Size of aneurysms (range) (mm) 4.4 +0.3
AChA branching type

ICA type 4

Neck type 35

Dome type 1
Operation
Clip 22
Coll 18
(Stent-assisted) (14)

AChA, anterior choroidal artery; ICA, internal carotid artery; SD, standard
deviation

micro guidewire. Dual antiplatelet therapy (mainly aspi-
rin and clopidogrel) was introduced 2 weeks prior to coil
embolization. Immediately before the procedure, light
transmission aggregometry was performed to assess
platelet aggregation capacity. Poor responders underwent
medication changes accordingly. After coil embolization,
patients received a 2-day continuous infusion of argatro-
ban in addition to dual antiplatelet therapy.

Continuous variables were compared using the two-
sided Student’s t-test. Categorical variables were com-
pared using the chi-squared test or Fisher’s exact test as
appropriate. P <0.05 was considered significant. Statistical
analyses were conducted using JMP Pro 17 software (SAS
Institute, Cary, NC, USA).

[ Results

Patient characteristics and treatment outcomes
In all, 15 patients were men and 25 were women. The
mean age was 61.1 = 1.9 years (range: 32—78). The mean
aneurysm diameter was 4.4 + 0.3 mm (range: 1.3-12.6).
AChA branching type was ICA in four cases, neck in 35,
and dome in one. Treatment was clipping in 22 patients
and coiling in 18 (stent assistance was used in 14 of these).
MEP monitoring was used in all clipping group patients
and nine coiling group patients. The median follow-up was
696 days (range: 99-2053). Patient characteristics of the
entire cohort are shown in Table 1.

Mean aneurysm diameter and dome-neck ratio did
not significantly differ between the clipping and coiling
groups, nor did the rate of complete aneurysm occlusion
(95.4% and 72.2%, respectively; P = 0.07). Two surgical



Table 2 Outcomes and complications by operation

Clip
No. of patient 22
Size of aneurysms 4.0
D/N ratio 1.4

Thrombosis 0
Oculomotor nerve palsy 2

Operative complications

AN occlusion CO 21
Worsening of mRS >1 Oculomotor nerve palsy 2
at 90 days after operation CSDH 1

Treatment for Unruptured Anterior Choroidal Artery Aneurysm

Coll P

18

4.8 0.23

1.5 0.31

Thrombosis 3 0.08 (OR: 10.2)
Puncture hematoma 1 0.64
Vessel perforation 1
Poor stent deployment 1

13 0.07 (OR: 8.1)

Pain of puncture site 1 0.61

AN, aneurysm; CO, complete occlusion; CSDH, chronic subdural hematoma; mRS, modified Rankin Scale; OR, odds ratio

complications (both oculomotor nerve palsies) occurred in
the clipping group. In the coiling group, six complications
occurred: thrombosis in three patients, puncture site hema-
toma in one, vessel perforation in one, and inadequate stent
deployment in one. The incidence of complications did not
significantly differ between the groups. Severe neurolog-
ical deterioration after treatment occurred in three clip-
ping group patients (13.6%) and one coiling group patient
(5.6%); the difference was not significant. Although the
odds of a thrombotic complication were higher with coil-
ing than clipping, the difference was not significant (odds
ratio: 10.2; P = 0.08). None of the thrombotic complica-
tions were associated with severe neurological deteriora-
tion. No aneurysm recurrence or rupture occurred during
follow-up. Outcomes and complications according to the
group are shown in Table 2.

Treatment, complications, and outcomes
according to AChA branching type

Treatment performed, the incidence of complications,
and the complete occlusion rate did not significantly dif-
fer between the ICA, neck, and dome branch types. How-
ever, all eight complications occurred in the neck branch
group; four resulted in severe neurological deterioration
(Table 3).

Subanalysis of the neck type group

Among the 17 patients in the neck type group who under-
went coil embolization, six experienced a complication.
The complication was thrombotic in three patients (tran-
sient AChA ischemia during the procedure, intraproce-
dural obstruction of the AChA, and AChA infarction on
postprocedural MRI, respectively); all three had under-
gone coiling with stent assistance, and one exhibited
reduced MEP amplitudes during the procedure. In the

Table 3 Treatment strategies and outcomes by AChA branching

type

ICA Neck Dome P
No. of patients 4 35 1
Clip 4 18 0 0.11
Coil 0 17 1
Operative complications 0 8 0 0.65
AN occlusion CO 4 30 0 0.24
Worsening of mRS >1 0 4 0 1.0

at 90 days after operation

AChA, anterior choroidal artery; AN, aneurysm; CO, complete occlusion;
mRS, modified Rankin Scale

patient with reduced MEP amplitudes, both blood flow and
MEP amplitudes improved after administration of heparin
through a microcatheter, urokinase through a distal access
catheter, and ozagrel through an intravenous line. None of
the complications caused a worsening of the mRS score.
Outcomes and complications in the neck type group are
shown in Table 4.

| Discussion

In a study comparing surgical clipping and coil emboliza-
tion of AChA aneurysms, Meguro et al.” reported no sig-
nificant difference in complications or postoperative mRS
worsening; however, ruptured aneurysms were included
in their analysis. Another AChA aneurysm study in which
>90% were treated using coil embolization reported a 1%
incidence of procedure-related complications and no re-
rupture. Other studies reporting good endovascular out-
comes’ ') suggest that coil embolization may be the best
choice when treating these aneurysms; however, clipping is
still widely used. We also found no significant difference in
the incidence of complications or occlusion rate between the
two modalities. Although the odds of thrombotic complica-
tions were considerably higher with coiling, the difference
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Table 4 Treatment strategies and outcomes of neck type
Neck type clip

No. of patients 18
Operative complications Thrombosis 0 (0%)

Oculomotor nerve palsy 2

AN occlusion CO
Worsening of mRS >1
at 90 days after operation

17 (94.4%)

CSDH 1

Oculomotor nerve palsy 2

Neck type coil P
17
Thrombosis 3 (17.6%) 0.10 (OR: 8.9)
Puncture hematoma 1 0.65
Vessel perforation 1
Poor stent deployment 1

13 (76.5%) 0.17

Pain of puncture site 1 0.60

AN, aneurysm; CO, complete occlusion; CSDH, chronic subdural hematoma; mRS, modified Rankin Scale; OR, odds ratio

was not significant. Furthermore, complications did not have
a direct impact on neurological outcomes. MEP monitoring
can help avoid serious thrombotic complications when per-
forming coiling or stent placement to treat an AChA aneu-
rysm. If a decline in MEP amplitude is detected before coil
deployment or stent implantation, they should be retrieved
immediately. If deployment or implantation has already
been completed, additional antithrombotic agents such as
ozagrel or heparin should be considered.

Our comparison of complete occlusion rates showed
no significant difference between clipping and coil-
ing; however, our sample size was small and possibly
underpowered. The lower rate of complete occlusion in
the coiling group may be because AChA aneurysms are
typically not filled tightly with coils to avoid complica-
tions. In a study of AChA clipping outcomes before and
after the introduction of intraoperative MEP monitoring
and indocyanine green video angiography, Aoki et al.!
reported significantly better outcomes. Combined mon-
itoring is now an essential part of clipping procedures
for AChA aneurysms.'? In one of our patients, a com-
plication was probably averted when the disappearance
of MEPs alerted us to a problem during endovascular
treatment. Kawamoto et al. reported that AChA territory
ischemia can occur even when the AChA demonstrates
angiographic filling; they hypothesized that the cause
may be the occlusion of small vessels that are hidden
by the main trunk.” Therefore, MEP monitoring should
be useful in the endovascular treatment of AChA aneu-
rysms. However, MEP monitoring cannot detect infarcts
in branches that perfuse non-pyramidal tracts.!>!¥

In our experience, thrombotic AChA territory com-
plications can still occur when MEP monitoring is used,
which has also been previously reported.!” Nonetheless,
MEP monitoring remains useful as response changes can
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indicate severe motor paralysis. Regarding the association
between AChA branching type and endovascular compli-
cations, Kang et al. reported significantly more symptom-
atic complications in patients with a neck type.” Similarly,
in our study, all complications occurred in patients with a
neck type.

This study has several limitations. It was retrospec-
tive and conducted in a single center. In addition, as
noted above, the sample size was small and may have
been underpowered. Moreover, only one patient with
a dome branching type was included because treating
patients with this type is associated with a high risk of
poor outcomes. Selection bias was present because we
tended to select clipping for patients with ICA branch-

ing type.

| Conclusion

In this small retrospective study of AChA aneurysm
treatment, rates of complications and aneurysm occlu-
sion did not significantly differ between clipping and
coiling. MEP monitoring may be useful in preventing
thrombotic complications during coil embolization.
Several factors may influence treatment selection, such
as the presence and location of other aneurysms, patient
comorbidities, aneurysm size, endovascular access con-
siderations, and patient preference. AChA branching
type is also an important consideration. Treatment strat-
egy should be based on a comprehensive assessment of
these factors.
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