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Abstract

Object The anterior choroidal artery (AChoA) is a rare lo-
cation for intracranial aneurysms. The treatment of these
aneurysms may be challenging due to the risk of occlu-
sion of such a small and eloquent artery as the AChoA.
We aimed to evaluate the risk factors for complications in
AChoA aneurysm treatment.

Methods We retrospectively analyzed 47 consecutive
AChoA aneurysms in 40 patients treated in our institution
from 1999 and 2014 by endovascular means (87%) or surgi-
cal clipping (13%). Minor (transient or minor neurological
deficits) and major complications (severe permanent neu-
rological deficits or death) were systematically recorded.
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The influence of patient age, sex, aneurysm size, neck
size, shape, dome-to-neck ratio and treatment technique
on the occurrence of procedure-related complications was
evaluated.

Results Of the patients 11 experienced procedure-related
complications (5 major, 6 minor). Aneurysms with multi-
lobed shape were significantly associated with a higher pro-
cedure-related complication rate. There was a tendency for
higher major procedure-related complication rate in small
volume aneurysms. We did not find any association between
the other factors analyzed and occurrence of procedure-re-
lated complications.

Conclusion Treatment of AChoA aneurysms has an ac-
ceptable complication risk. We did not find any significant
differences between surgical and endovascular treatment in
terms of procedure-related complication rates. Multilobed
aneurysms were significantly associated with a higher pro-
cedure-related complication rate.

Keywords Intracranial aneurysm - Anterior choroidal
artery - Endovascular treatment - Clipping - Ischemia

Abbreviations

ACA  Anterior cerebral artery
AChoA Anterior choroidal artery
CT Computed tomography

DSA  Digital subtraction angiography
ICA Internal carotid artery

MRI Magnetic resonance imaging
mRS  Modified Rankin scale

PCom Posterior communicating artery
SAH  Subarachnoid hemorrhage
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Fig.1 Flow chart summarizing
the design of our study. AChoA:
Anterior Choroidal Artery, Tx:
Treatment

56 AChoA aneurysms
(49 patients; 34 £, 159")
from 1999 to 2014

* 8aneurysms
conservative

* 1patient (with 1 aneurysm
died from rebleeding before Tx)

in 8 patients:
management

47 treated AChoA aneurysms
(6 reTx, 1 mirror)
{40 patients; 27 %, 138")

31 ruptured

26 endovascular
| |

16 unruptured

|

|

7 Tx-related 1 Tx-related 4 Tx-related No Tx-related
complications complication complications complication
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| ] l
3 major l 4 minor I [ 1 minor I
(2 deaths)
Table 1 Patient demographics cular) for AChoA aneurysms and identify risk factors for
Characteristics Patients procedure-related complications.
Number 47
Sex ratio M/F 15/34
Materials and Methods

Median age (years) 50 (IQR = 11; range: 17-62)
Endovascular/surgical 41/6 Study Desi
WENS grade I/II/II 2 tudy Design
WENS grade IV/V 9 . . .

. We conducted a retrospective single center observational
Fisher grade 1/2 10 dv. The inclusi RN foll | .
Fisher grade 3/4 21 stu y. The inclusion 'crlFerla were as follows: 1) patients
Deaths 4 admitted in our institution from January 1999 and De-

F Female, M Male, IQR interquartile range, WFNS

Introduction

Anterior choroidal artery (AChoA) aneurysms are rare vas-
cular malformations (2-5% of all intracranial aneurysms
[1]) that can be challenging to treat. The treatment difficul-
ties of AChoA aneurysms may be related to the particular
conformation of the parent artery, its small size and the
eloquence of the territory it supplies. Potential treatment
options to secure the aneurysm include either endovascu-
lar techniques, including regular coiling, remodeling tech-
niques and stenting [2, 3] or surgical procedures with a clip
[4].

The objective of this study was to evaluate the safety
of aneurysmal repair techniques (microsurgical or endovas-
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cember 2014 for the treatment of an AChoA aneurysm
(ruptured and unruptured; recanalized or not, single or
multiple), 2) age of 15 years and 3 months or more and
3) at least 3 months of clinical follow-up. The exclusion
criteria were as follows: 1) children under 15 years and
3 months, 2) aneurysm in location other than the AChoA
origin, particularly aneurysms purely emerging from the
internal carotid artery (ICA) or its choroidal segment after
the origin of the posterior communicating artery (PCom),
3) major surgery contraindications (organ failure, mori-
bund status), 4) mycotic, posttraumatic or tumor-induced
aneurysms and 5) incomplete clinical records.

Patient Demographics

Patient demographics are summarized in the flow chart
(Fig. 1) and in Table 1.
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Table 2 Morphological characteristics and ruptured status of the
47 aneurysms

Characteristics Total aneurysms

Localization left/right 26/21
Ruptured/unruptured 31/16
Multiple aneurysms 20

Aneurysm size (maximum diameter, SD,
range in mm)

4.6+2.9 (1-15)

Mean volume = SD (range) (mm?) 112 + 358 mm?

(1-1767)
Neck/dome ratio >0.5 28
Multilobed aspect 7

F Female, M Male, IQR interquartile range

From 1999 to 2014, 49 patients (34 females, 15 males;
median age = 50 years; IQR = 11 years; range 17-62 years)
attended our Institution for the management of 56 AChoA
aneurysms. Among these patients, 8 patients with 8 AChoA
received conservative treatment due to the aneurysms char-
acteristics (unruptured/small size/stable on imaging follow-
up), 1 patient died from subarachnoid hemorrhage before
any therapeutic measures could be performed. A total of 47
AChoA aneurysms in 40 patients were treated by therapeu-
tic repair (either surgery or endovascular treatment).

Aneurysm Characteristics

The following data were collected on angiographic ex-
plorations (DSA and/or CTA) (Table 2): orientation, sac
size (i.e. aneurysm sac maximum diameter), neck size and
dome-to-neck ratio. In cases of dome-to-neck ratio lower
than 2, the neck was considered large. The volume of
each aneurysm was estimated using the Angiocalc software
(http://www.angiocalc.com). The shape of the aneurysm
sac was also systematically assessed as saccular (spherical,

ellipsoid or multilobed) or fusiform. Multilobed shape was
defined by the presence of one or more daughter sac(s)
arising from the main aneurysmal sac (Fig. 2).

Technical Considerations

The choice of the therapeutic option was made by a multi-
disciplinary team, including neurosurgeons, interventional
neuroradiologists and anesthesiologists, based on patient
clinical characteristics (e.g. age, comorbidities, neuro-
logical status), presentation of the aneurysm (ruptured
aneurysm, associated hematoma, morphology of the sac
and neck size) and the best technique available at the time
of the procedure.

Endovascular Treatment

All endovascular procedures were performed under gen-
eral anesthesia via a right femoral approach. Patients were
treated either by regular coiling; remodeling technique due
to the presence of a wide neck or stents (Flow diverter
stents: Pipeline stents [ev3/Covidien, Irvine, CA] and Silk
stent [Balt Montmorency, France]; open cell stent [Neu-
roform 3, Stryker, Fremont, CA]). Coiling procedures and
remodeling were carried out under effective heparin ther-
apy, 50 Ul/kg bolus of heparin was given at the start of the
procedure for non-ruptured aneurysms, and then 15 Ul/kg/h
of heparin to maintain Activated Clotting Time (ACT) 2 to
3 fold the baseline. The first bolus of heparin was given
after deployment of the first coil for ruptured aneurysms.
Patients treated with stent were loaded with clopidogrel
(75 mg/day) and aspirin (75 mg/day) 5 days before proce-
dure. After the procedure, the dual antiplatelet therapy was
pursued for 3—6 months; then, only aspirin was kept for
a total of 1 year (Fig. 3).

Fig. 2 Example of an unruptured multilobed aneurysm. a Right internal carotid artery (ICA) DSA in lateral projection showing a multilobed
AChoA aneurysm. b Right ICA DSA in working projection demonstrating more precisely the multilobed shape of the aneurysm with two daughter
sacs. Note the stenosis of the distal aspect of the ICA. ¢ 3D rotational angiography (RA); volume rendering reconstruction showing more precisely

the blebs as well as the origin of the AChoA
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Fig.3 Unruptured left AChoA
aneurysm, revealed by non-spe-
cific headache. a Left ICA DSA
in lateral projection showing

a large neck aneurysm. The
AChoA seems to arise from the
dome of the aneurysm. b CT plat
panel acquisition with 20% di-
luted contrast media performed
after treatment by flow diverter
stent (Pipeline Embolization
Device, eV3/Covidien, Irvine,
CA) showing the satisfactory de-
ployment of the stent, covering
the aneurysm neck. ¢,d Control
DSA at 6 months; ¢ left ICA
DSA in lateral projection; d left
vertebral DSA in lateral pro-
jection. Complete exclusion of
the aneurysm is demonstrated;
the proximal segment of the
AChoA is opacified via the
ICA (c, arrow); its distal seg-
ment is supplied by anastomosis
with the posterolateral choroidal
artery (d, arrow)

Surgical Treatment

In all surgical procedures, a regular pterional approach
was performed. A curvilinear frontotemporal incision and
a careful subfrontal dissection were done until visualization
of the optic nerve. If necessary, the lamina terminalis was
opened in order to get a flow of cerebrospinal fluid (CSF)
from the third ventricle to the basal cisterns, lowering
intracranial pressure. The opening of the Sylvian fissure
in its proximal part could be useful for better exposure.
Supraclinoid ICA was exposed by first ensuring control of
its proximal portion and its distal portion at the MCA-ACA
junction. The ICA was then exposed around its choroidal
portion to visualize the aneurysm. The AChoA origin was
then separated from the aneurysm, dissecting arachnoid
ties, in order to assess its shape and volume, and to ensure
optimum control of its neck. The most appropriate clip
was chosen and placed at the neck, making sure to exclude
AChoA itself from the clip and to avoid stenosis the adja-
cent wall of the ICA. Intraoperative visual checking as well
as postoperative control DSA were routinely performed to
ensure the satisfactory exclusion of the aneurysm (Fig. 4).
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Complications/Procedure-Related Morbidity and
Mortality

Procedure-related morbidity and mortality were defined as
the occurrence of adverse events during the procedure or
within the post-procedural period (<7 days). Procedure-re-
lated complications (clipping or coiling) were divided into
ischemic and hemorrhagic ones. Ischemic complications
were defined as follows: the onset of a new neurological
deficits in the postoperative 48 h and/or CT hypodensity in
the postoperative 48 h and/or presence of a hyperintense
signal associated with a significant apparent diffusion coef-
ficient (ADC) restriction on MRI diffusion-weighed images
(DWI). Hemorrhagic complications were defined as fol-
lows: intraoperative rupture or occurrence of postoperative
hematoma depicted on CT and/or MRI. For endovascular
procedure, a contrast extravasation on CT control was con-
sidered as a procedure-related hemorrhagic complication.
Procedure-related complications were divided into: 1) ma-
jor complications including fatal complications (immediate/
delayed death or limitation of aggressive care) or persistent
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Fig. 4 Surgical treatment of a right ruptured AChoA aneurysm. a Pretreatment right ICA DSA in right anterior oblique (RAO) projection; b right
ICA 3D RA acquisition in working projection. The multilobed AChoA is clearly seen with the AChoA arising from the neck. d,e Control DSA in
RAO projection (d) and 3D RA in left anterior oblique projection (e). f Satisfactory exclusion of the aneurysm is seen, as well as the patency of
the AChoA

and debilitating neurological deficit and 2) minor compli-
cations: transient or non-disabling neurological deficit.

Complications related to the SHA itself were excluded
from complications attributable to the therapeutic proce-
dure. Thus, any ischemic injury secondary to vasospasm,
any neurological deterioration due to hydrocephalus, or any
other specific complication, such as adrenergic myocardi-
tis and ventilation assisted acquired pneumopathy were
recorded separately.

Clinical and Angiographic Follow-Ups

Clinical evaluations were performed in post-procedure (im-
mediately and at 12 h post-procedure), at discharge, at early
follow-up at 2 months and at late follow-up. Late follow-
up consisted of a telephone call. Mean delay for late clini-
cal follow-up was 66 + 50 months (range 3—188 months).
Assessment of the modified Rankin score (mRS) was per-
formed as well as an overall evaluation of the quality of life
in terms of major sequelae, and minor dependency [5].
Angiographic follow-up evaluation was performed in
consensus by a junior neurosurgeon and a senior interven-

tional neuroradiologist on the PACS (Picture Archiving
Communicating System) workstation (Agfa, Mortsel, Bel-
gium). Aneurysm exclusion was assessed on post-procedure
DSA and on DSA (and/or MRA for aneurysms treated en-
dovascularly) on long-term angiographic follow-up. Mean
delay for the angiographic follow-up was 32 + 30 months
(range 0-106 months). The exclusion of the aneurysm sac
was evaluated using the Roy-Raymond classification [6].
The presence of a recanalization or aneurysmal recur-
rence was defined as a degree of change in the Roy-Ray-
mond classification as follows: evolution from grade I to II
or III, from grade II to III or worsening of the circulating
portion in a recanalized aneurysm previously graded III.

Statistical Analysis

Statistical tests used for non-continuous variables were the
¥? or the Fisher’s exact tests depending on the population
size. Regarding the continuous variables, we used Student’s
t-test. A multivariate analysis was conducted using a logis-
tic regression taking into account dichotomized data for
age, sex, rupture status, aneurysm size, volume and multi-
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lobed shape. The statistical tests were performed using the
MedCalc software (MedCalc for Windows, Version 9.3.2.0,
MedCalc Software, Mariakerke, Belgium). A p-value <0.05
was accepted as statistically significant.

Results
Patient Demographics/Aneurysm Characteristics

Among the 40 patients who met our inclusion criteria
(AChoA aneurysm treated by repair technique, surgery or
embolization) there were 27 females and 13 males (sex ra-
tio M/F = 0.48). The median age was 50 years (IQR: 53.42
years; range: 17-62 years). Of the patients, 20 (42.5%)
had multiple aneurysms (at any location), 26 aneurysms
(55%) were located on the left AChoA, 21 (45%) on the
right AChoA, 5 patients (12.5%) had a retreatment of the
same aneurysm during the follow-up period and 2 patients
(5%) had mirror aneurysms. These 47 AChoA aneurysms
were finally analyzed for assessing the safety and effec-
tiveness of aneurysmal exclusion techniques. The average
size of aneurysms (maximum diameter) was 4.6 £ 2.9 mm
(1-15mm). The average neck size was 2.9 £ 1.5 mm (0.8
to 6.4mm). The average volume of aneurysmal lesions
was 112 + 358 mm?® (1-1767 mm?), 28 aneurysms (60%)
had a wide neck (dome-to-neck ratio <2) and 7 aneurysms
(15%) had a multilobed shape. Finally, two patients (4%)
had duplicated AChoA. Among the 47 patients, 31 (66%)
had a ruptured aneurysm, 11 patients (35.5%) had a World
Federation of Neurological Surgeons (WFNS) grade I,
11 (35.5%) a grade II or III, and 9 (29%) a grade IV
or V. Three patients (10%) had a Fisher 1 grade on CT, 7
(22.5%) Fisher 2, 11 (35.5%) were Fisher 3 and 10 (32%)
were Fisher 4.

Treatment Options
Endovascular Procedure

Of the patients 42 (87%) were treated by endovascular
means, 33 patients were treated by regular coiling, 5 pa-
tients were treated by remodeling technique due to the pres-
ence of a wide neck and the remaining 4 patients with stents
(3 flow diverters stents: 2 Pipeline stents and 1 Silk stent;
1 open cell stent). Aneurysms treated by stents were either
unruptured aneurysms (n = 2), or previously coiled and re-
canalized ruptured aneurysms (n = 2).

Surgical Treatment

Of the patients 5 (13%) underwent surgical treatment by
clipping.
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Procedure-Related Complications

A total of 11 (24.3%) procedure-related complications were
recorded. Their characteristics and statistical comparisons
are listed in Tables 3 and 4. Among these 11 patients,
only 5 (10.6% of all procedures) had major complications
(mRS 3-6), including 2 deaths (4.3%), 4 out of these 5 pa-
tients (80%) were treated by embolization, 1 patient (20%)
by clipping (9.7% major complications in the embolization
group vs. 16.7% in the surgery group, p = 0.5). Among the
4 embolization patients, 2 presented cerebral ischemia sec-
ondary to multiple emboli and 1 an acute ischemic stroke
in the AChoA territory treated by antiplatelet therapy (i.v.
aspirin 250 mg as bolus and i.v. reopro as an infusion for
12 h), responsible for a fatal hemorrhage in the following
days (brain stem hematoma). The remaining patient died
from an internal carotid artery dissection that occurred dur-
ing endovascular treatment of cerebral vasospasm few days
after the aneurysm coiling. In the surgical group, one major
complication was recorded that consisted of a postoperative
extensive ischemia along the frontal access to the aneurysm
and an ipsilateral third cranial nerve palsy. The remaining
6 patients (12.8% of all procedures) who experienced minor
procedure-related complications showed transient ischemia
or minor sequel (mRS 0-2). In three procedures (6.4%),
the patient developed transient occlusion of the AChoA. In
one case, the AChoA occlusion was immediately depicted
after the deployment of the first coil, before detachment;
the coil was recaptured and redeployed more accurately
and the AChoA recanalized after an i.v. bolus of aspirin
(Fig. 5). One patient presented a post-embolization hemi-
paresis related to a DWI-proven acute ischemic stroke in the
AChoA territory. This hemiparesis progressively improved
over in few days under both antiplatelet (aspirin) and full
heparin. Another patient had a delayed (20 months) acute
ischemic stroke in the AChoA territory with hemiplegia
and hemianopia. This patient had been treated of a recanal-
ized ruptured AChoA aneurysm by means of flow diverter
stent (PED). He partially recovered from his deficit after in-
travenous thrombolysis (rt-PA). On control DSA, the flow
diverter stent was patent without any stenosis or in-stent
thrombus, but the AChoA was occluded. This may be due to
an endothelial recovering of the stent at the AChoA origin.
One patient had a periprocedural aneurysm perforation that
was immediately and efficiently managed by further coil-
ing at the rupture point, without any clinical consequence.
Finally, 2 patients presented small distal emboli on DWI,
with no long-term sequelae.

The aneurysm shape significantly impacted the proce-
dure-related complication rate. Indeed, among the 11 pa-
tients who experienced a procedure-related complication
(either major or minor), 4 (37% of all procedures) had
a multilobed shape aneurysm; on the other hand, only 3
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Fig.5 Example of the management of per-procedure AChoA occlusion in an irregular 2 mm ruptured AChoA aneurysm. a Left ICA DSA in
working projection showing the AChoA aneurysm with the AChoA arising from the inferior aspect of the neck. Note the presence of an ipsilateral
saccular PCom aneurysm. b Left ICA DSA after the deployment of the first coil under temporary balloon inflation (remodeling technique), before
detachment. There is no obvious contrast filing of the aneurysm; the AChoA is patent. However, a loop of the coil is protruding at the AChoA origin.
¢ Control DSA 10 min latter: occlusion of the AChoA is seen in its cisternal segment. The non-detached coil is thus recaptured and repositioned.
d DSA after repositioning of the coil showing a better conformation of the coil mesh. Intravenous aspirin (250 mg) is injected. e Control DSA
10 min after aspirin injection showing a complete occlusion of the aneurysm and AChoA’s patency. The coil is thus detached. f Final left ICA
control DSA in lateral projection after additional coiling of the PCom aneurysm showing satisfactory occlusion of both aneurysms and patency of

the AChoA

(8%) of the aneurysms were multilobed in the complica-
tion-free population (p = 0.04). On multivariate analysis,
the only factor associated with a procedure-related compli-
cation was the multilobed shape (p = 0.03).

We saw an increased rate of severe procedure-related
complications in patients with small volume aneurysms,
however, this did not reach a statistical significance (mean
aneurysm volume = 24.2 mm? in patients with severe com-
plications vs. 112 mm? for the rest of the population, p =
0.1).

There was no significant difference in terms of age, sex,
aneurysm size, neck width, dome-to-neck ratio, aneurysm
orientation, ruptured status or not, treatment modality, be-
tween groups treatment-related complications and no treat-
ment-related complication. There was also no statistically
significant difference for the abovementioned criteria be-
tween the patients who presented severe procedure-related
complications and the rest of the population either in uni-
variate or multivariate analysis.

Interestingly, 3 patients of our cohort (6.4% of all pro-
cedures) were treated by means of flow diverter stents
(a recanalized ruptured coiled aneurysm, an unruptured
aneurysm associated with ipsilateral posterior communicat-
ing artery aneurysm and an unruptured aneurysm revealed
by headache). In one case, the patient experienced a very
late occlusion of the AChoA revealed by an acute ischemic
stroke that partially resolved after i.v. thrombolysis. In
another case, the AChoA was arising from the dome of the
aneurysm; the AChoA remained patent at late follow-up
but decreased in size with its distal segment being supplied
by the posterolateral choroidal artery, via intra-choroidal
plexus anastomosis (Fig. 3).

Non-Treatment-Related Complications
Of the patients, 14 (30% of all procedures) had non-treat-
ment-related complications. All of them presented a rup-

tured aneurysm. Among the 31 patients with a ruptured
aneurysm, 10 patients (32.3%) had cerebral vasospasm, 4
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Table 3 Clinical and radiological characteristics among patients presenting complications

Characteristics Total complications Procedure-related complica- Procedure-related sequelae
tions

Number 26 11 5

Sex ratio M/F 0.83 1 0.67

Median age (years) 50 (1Q: 41.53; range: 46 (IQ: 39,52.5; range: 46 (IQ: 36,48; range: 28-62)
17-62) 28-62)

Endovascular/surgical 24/2 10/1 4/1

WENS grade I/II/II1 13 6 2

WENS grade IV/V 9 (p < 0.0005) 2 2

Fisher grade 1/2 1 1 1

Fisher grade 3/4 21 (p < 0.0005) 7 3

Deaths 4 2

SD standard deviations, WFNS World Federation of Neurological Surgeons

(12.9%) with ischemic sequel, 7 patients (22.5%) devel-
oped hydrocephalus requiring ventricle external drainage;
among them 1 patient had a ventriculitis. Two patients de-
veloped an adrenergic myocarditis after the subarachnoid
hemorrhage. One death occurred because of cardiac arrest.

Recurrence and Recanalization

In our cohort 5 patients (12.5%) had an aneurysm recur-
rence during the follow-up period, among them 4 (10%)
patients underwent a new treatment (all by endovascular
means), the remaining patient presented a slight coil com-
paction and imaging follow-up was considered. Recanalized
aneurysms had a tendency to present larger volume than sta-
ble ones (310 mm? vs. 112 mm?, p = 0.07). No other factor
(such as age, sex, ruptured status, maximum diameter, neck
size) was found to be predictive for delayed recanalization/
recurrence.

Untreated Aneurysms

Of the patients 8 (16%) had conservative management with
imaging follow-up. AChoA aneurysms were sharing the
same characteristics: unruptured and regular in shape. Their
average size was 1.9 mm and average volume was 5.3 mm?®.
None of these aneurysms showed any bleeding event during
the clinical follow-up period (33 months on average).

Discussion

Several studies have focused on the treatment of anterior
choroidal location of aneurysms (Table 5). Some series
have studied only surgical treatment [4, 7—14], others ex-
clusively endovascular techniques [15—17], and rarely both
treatments [18, 19]. To the best of our knowledge, only one
series has compared the 2 techniques [19]. In the literature,
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treatment-related complication rates varied from 4.5% to
50% [4, 7-22]. This wide range of complication rates may
be explained by the heterogeneity of these series, some of
them mixing true AChoA aneurysms and ICA aneurysms in
the vicinity of the AChoA origin [9, 13, 14, 16, 21, 22]. In
our series, we report an overall morbidity mortality rate of
24% (minor morbidity 13.5%, major morbidity 6.5% and
4% mortality). These results are within the ranges of the
complication rates reported in the literature (see Table 3).
However, this complication rate remains higher compared
to the ones reported for other intracranial locations: a meta-
analysis carried out in 2010 of 71 studies combining a total
of 5044 patients found an overall morbidity and mortality
rate of 4.8% and a mortality of 1.2% [23].

Among the 6 patients with post-procedural ischemia in
our series, 3 (50%) were located in the AChoA territory
(proven on DWI MRI and/or late CT scan). One patient had
a complete AChoA syndrome with hemiplegia, hemianopia
and hemi sensory deficit, from which he recovered after in-
travenous thrombolysis. One patient presented a complete
right hemiplegia associated with aphasia. He did not re-
cover until his early death related to brainstem hematoma
precipitated by dual antiplatelet therapy. Finally, one patient
had a left regressive hemiparesis.

Location

In the literature, the nomenclature of AChoA aneurysms
is often confusing, sometimes including aneurysms aris-
ing from the choroidal segment of the ICA, and not from
the AChoA origin itself. Thus, the rate of true AChoA
aneurysm varies from 32 to 61% in several studies pre-
senting such heterogeneous population [13, 14, 16, 21].
The largest series in the literature describing aneurysms ex-
clusively arising from the AChoA exclusively reports 127
cases over a 26-year period [18]. In our study, we strictly
selected aneurysms emerging from the AChoA itself, or
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Table 4 Aneurysm characteristics in patients presenting complications

Characteristics Total complications Procedure-related complica- Procedure-related sequelae
tions

Localization left/right 15/11 7/4 4/1

Ruptured/unruptured 22/4 8/3 4/1

Multiple aneurysms 9 1 0

Aneurysm size (maximum diameter, SD, range
in mm)

5.4 +3.3mm (2-15)
Mean volume = SD (range) (mm?)

Neck/dome ratio >0.5 15
Multilobed shape 6

172 + 471 mm? (4.2-1767)

5+4.4mm (1-15)
180 + 16.5 mm3 (4.19-1767)

;
4(p=0.04)

3.75 £ 2.6mm (2-7)

24 +20 mm® (4.19-50.2)
(p=0.1)

4

2

SD standard deviation

from the ICA-AChoA junction. Specifically, in order to
obtain a homogeneous series, we systematically excluded
aneurysms not clearly separate from the PCom or emerging
from the posterior aspect of the ICA in its cisternal segment,
with a gap between the neck and the AChoA origin. Con-
sequently, we found a treatment-related complication rate
(24% in overall) that may seem higher compared to other
series, but which is actually in accordance with the litera-
ture for this specific AChoA location.

This issue concerning the relationship between the
aneurysm and the origin of the AChoA is frequently found
in the literature, and partly explains the complication rate
variability. Thus, several authors report a significant de-
crease of the complication rate when the AChoA does
not arise from the neck of the aneurysm [9, 16, 21, 24].
Indeed, in this configuration the aneurysms arise from the
posterior aspect of the internal carotid artery, distant from
the AChoA origin. Moreover, some authors have stressed
the importance of the orientation of the aneurysms com-
pared to the origin of the AChoA [11]. However, we did
not find in our series any significant association between
the orientation of the aneurysm’s sac and procedure-related
complications.

Size, Volume and Shape

AChoA aneurysms are usually small in comparison with
other locations. In the literature, the reported mean aneu-
rysms’ maximum diameter varies from 5.6 to 6.8 mm [9,
14, 24, 25]. The proportion of small AChoA aneurysms
(i. e. less than 10 mm) varies from 81.6% [24] to 92% [21].
In our series, the mean aneurysm maximum diameter was
smaller than the ones of the previous series (4.6 mm) and
95% of the aneurysms in our series were less than 10 mm. In
the study of Cho et al. [21], very small aneurysms (less than
5 mm) had a tendency to be associated with an increased is-
chemic complication rate (p = 0.235). In our study, despite
a significant proportion (8/11; 72%) of small aneurysms in
the population with severe complications, we did not show

a statistically significant influence of the aneurysm maxi-
mum diameter on the occurrence of severe complications.
Conversely, patients who experienced a severe procedure-
related complicated tended to have lower aneurysm vol-
ume than the rest of the population (24.2 mm? vs. 112 mm?,
p = 0.103). This result reflects the intuitive feeling shared
by both neurosurgeons and interventional neuroradiologists
that aneurysms with a smaller volume are technically more
difficult to treat, regarding the risks of perforation or of
compromising the AChoA patency.

In our study, we report a higher risk of complications
(minor or major) when the aneurysm had a multilobed shape
(37% vs 8%, p = 0.04). This is, to our knowledge, the
first morphological risk factor reported do date linked with
procedure-related complications in AChoA aneurysms. The
multilobed aspect may carry some technical issues, like
higher difficulties to implant coils in the aneurysm sac for
embolization or increased difficulties in the aneurysm dis-
section for microsurgery.

Clinical Presentation

We did not show any relationship between ruptured sta-
tus and the occurrence of treatment-related complications,
despite some controversial, while non-significant, observa-
tions in the literature [18]. Similarly, the severity of the SAH
did not appear to affect the procedure-related complication
risk in our study.

In 3 cases, the patients had preoperative focal neurolog-
ical deficit, without consciousness disorder. In 2 cases
the patients had contralateral hemiparesis, in 1 case
a dysarthria; all them were patients with ruptured aneurysms
at the acute phase before any treatment and without asso-
ciated hematoma. After treatment, all patients recovered
from their deficit. These reversible neurological deficits
observed at the acute phase of the rupture may be due to
local hemodynamic changes (‘“‘vasospasm-like”’) on such
a small caliber artery as AChoA [26].
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Table 5 Comparison of AChoA aneurysms series in the literature

Author Year AChoA Number Ruptured  Embolisation  Surgery = Total com- Transient  Ischemia  Death
exclusive plications

Piotin 2004  Yes 18 14 18 0 2 (11%) 1(5.5%) 0 1

(78%) (5.5%)

Li 2012  No 102 0 0 102 19 (19%) NR 15 7 (7%)
(36 AChoA) (15%)

Lee 2013  No 62 21 0 62 3 (5.6%) 3 (5.6%) 0 0
(30 AChoA) (34%)

Kim 2008  No 73 10 38 35 7 (10%) 2 (2.7%) 5054%) 2
(AChoA (2.7%)
et ICA)

Kang 2009 No 90 31 90 0 4 (4.5%) 3 (3.5%) 0 1(1%)
(55 AChoA)

Bonhstedt 2013 NR 127 71 8 112 67 (53%) NR 15 7

(12%) (5.5%)

Cho 2008  No 53 26 0 53 12 (20%) 5(9.4%) 7 (11%) NR
(17 AChoA)

Friedmann 2001  No 51 24 0 51 13 (25%) 1 2%) 8 (16%) 3 (6%)

(73%)
Drake 1968  Yes 7 5(71%) 0 6 3 (43%) 0 1 (14%) 2
(33%)
Perria 1969  Yes 6 6 0 6 3 (50%) 1 (17%) 1 (17%) 1
(16.7%)
Senturk 2009  Yes 11 5 11 0 1 (10%) 0 0 1 (9%)
Yasargil 1978  Yes 16 13 0 16 8 (50%) 3 (19%) 3 (19%) 2
(12,5%)
Furtado 2010  Yes 13 0 0 13 NR NR 3 (23%) 0
Lehecka 2010  Yes 99 39 0 99 NR NR NR NR
(41%)

Shibata 2000  Yes 19 0 0 19 NR NR 3 (16%) 0

Suzuki 2003  No (ma- 108 0 0 108 5 (5%) 4 (4%) 1 (1%) 0
jority of
ICA)

Treatment Modality a rescue withdrawal of the coil was immediately performed

Some series in the literature report a lower complication rate
among cases treated by embolization. Kim et al. [19] report
the only study retrospectively comparing the two techniques
in 73 patients. Despite a comparable overall complication
rate, there was significantly more ischemia in the AChoA
territory in the clipping group. However, it should be men-
tioned that there was no randomization in this study con-
cerning the allocation for the treatment modality. In our
study, no difference was found between the two methods
(9.7% vs. 16.7%, p = 0.5).

Endovascular Treatment

Kim et al. have described the possibility to assess the
AChoA permeability during the endovascular procedure as
an advantage, compared to surgery [19]. We report such
a situation where an inadvertent occlusion was observed
during the procedure before the first coil detachment and

@ Springer

(Fig. 5).

In our study, 5 patients (10.6%) were treated by remod-
eling technique. The complication rate was not higher in
the group “remodelling” than in the “simple coiling” group.
These results are consistent with numerous series published
in the literature on this topic [27]. The use of an additional
protective balloon in AChoA endovascular treatment seems
relevant for two reasons. First, a moderate over-inflation of
the balloon helps protect the origin of the AChoA close to
the aneurysmal neck. Second, in case of ruptured aneurysm,
especially small ones, the protective balloon can effectively
stop acute bleeding during endovascular procedure, while
the coiling in pursued.

Surgical Technique
Surgery for AChoA aneurysms, although presented with no

particular difficulty by some authors [7, 18], seems actually
to require a rigorous technique [4], regarding higher compli-
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cation rates in comparison with other locations [11]. Thus,
if the pterional approach, with its sub-frontal [7] or supra-
orbital [28] variants, is classical, the artery and aneurysm
are often superimposed and adherent to each other [8] and
require a delicate dissection. Moreover, a posterolateral-ori-
ented AChoA aneurysm may be adherent to the temporo-
mesial structures such as the uncus, or the PCom artery.
A thorough pre-surgical planning is essential. Careful dis-
section is essential to individualize the sac while minimiz-
ing manipulation of the artery. Indeed, AChoA is particu-
larly sensitive to hemodynamic changes as well as micro-
thrombotic phenomena. The choice of the final clip must be
a compromise between the widest coverage of the aneurysm
neck on one hand, and the respect of the ICA caliber and the
origin of the AChoA on the other hand. It may be useful to
place a pilot clip perpendicularly to the aneurysm dome, to
partially collapse it and facilitate dissection and then place
a clip parallel to the neck, and possibly replace the first clip
by a smaller one.

Potential Strategies to Reduce Complications

Recently, flow-diverter stents have offered an interesting al-
ternative to surgery or coiling/balloon assisted coiling for
very wide necked aneurysm. Indeed, these devices induce
a progressive thrombosis of the aneurysm sac and a scaf-
fold for endothelial regrowth, without theoretically com-
promising covered branches ([29-31]; Fig. 3). In addition,
flow-diverter stents are also convenient for the treatment
of very small aneurysms, avoiding a challenging micro-
catheterization at risk of perforation. Three recent studies
have shown the interest of these stents in AChoA preser-
vation during ICA aneurysms treatment [3, 32, 33]. Nev-
ertheless, the use of stents has some limitations, especially
for ruptured aneurysms, because of the need for antiplatelet
treatment. Additionally, long-term behavior of these new
devices is still unknown. Indeed, we observed in our series
a case of very delayed ischemic complication (20 months)
in a patient treated with a flow-diverter stent for recanal-
ization, with occlusion of the AChoA at late angiographic
follow-up.

Concerning surgical treatment, some authors mention
technical possibilities to monitor the patency of the AChoA
intraoperatively during clipping procedures using devices
such as micro-probe Doppler [12] or motor evoked po-
tentials [22]. Finally, the fluorescence visualization tech-
nique using indocyanine green, enable intraoperative an-
giographic vision of circulating vessels before and after the
clip installation. It appears to be a significant advance in
aneurysm surgery [34]. Although its benefit has never been
specifically studied in AChoA aneurysms, it could have
a substantial interest in the periprocedural control of the
clip positioning.

Limitations

Our study presents some limitations. First this is a retro-
spective monocenter observational study. Second, there was
no randomization for the repair technique (i. e. endovascular
or surgical), which weakens a potential comparison. Then,
due to the low number of cases, statistical significance
should be interpreted with caution. Additionally, the assess-
ment of the aneurysm shape could be controversial. Indeed,
one can argue that lobe(s) in multilobed aneurysm may cor-
respond to false sac(s) related to the rupture. However, we
also observed multilobed shape in unruptured aneurysms
and we stress the fact that the multilobed shape was purely
descriptive, without prejudging of the underlying pathome-
chanisms of these daughter sacs. Finally, we included in
our series a relatively low volume of aneurysms. However,
one should keep in mind that AChoA is a rare location for
intracranial aneurysms. Additionally, we only included in
our series “pure” AChoA aneurysms, and excluded those
arising from the posterior aspect of the ICA, in the vicinity
of AChoA origin.

Conclusion

The treatment of AChoA aneurysms has acceptable morbid-
ity and mortality rates, that still remains higher compared
to the ones reported for other intracranial locations. In our
series, there was no difference in terms of procedure-re-
lated complication rates between surgery and embolization.
Multilobed aneurysms were associated with an excess risk
of procedure-related complications. There was a tendency,
despite non-significant, for higher major complication rate
in aneurysms with small volume. These morphological fea-
tures should therefore be carefully investigated before the
treatment of AChoA aneurysms.
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