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Abstract Background: Distal AChoA aneurysms are quite rare. Only 12 operated cases have been reported in
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the English medical literature. Treatment of these aneurysms is also difficult because of their deep

location, small size, and angioarchitecture.

Methods: The authors report 2 additional patients with aneurysms, arising from the distal AChoA

and located within the temporal horn of the lateral ventricle. In the first patient, the aneurysm could

also be visualized with CTA, which is the first demonstration in the literature.

Results: The aneurysms were explored and resected via a transtemporal/ventricular approach in

both patients. One patient was discharged as neurologically intact and the other died because of

severe vasospasm.

Conclusions: The conclusions drawn from our experience and a comprehensive review of the

literature include the following: (1) A distal AChoA aneurysm should be considered in patients with

isolated medial temporal intracerebral hematoma with intraventricular extension. (2) These

aneurysms are frequently very small (b5 mm). Therefore, they cannot be detected on initial

angiograms in some cases. (3) These small aneurysms cannot be usually clipped without sacrificing

the parent artery. (4) Sacrificing distal AChoA (beyond the plexal point) does not usually cause any

neurological deficit, but, whenever possible, this artery should be preserved.
D 2007 Elsevier Inc. All rights reserved.
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1. Introduction

Aneurysms of the AChoA mostly arise at the junction of

the AChoA and the internal carotid artery and account for

less than 5% of all intracranial aneurysms [7,21,41]. In

particular, distal AChoA aneurysms are quite rare. In a large

surgical series, including 1012 patients, there is no case with

distal AChoA aneurysm [40]. To our knowledge, only 12

operated and 11 nonoperated cases have been reported in the

English medical literature so far [1,2,4,9,11,15-20,

23,25,28,29,32,35,38,39,42]. Clinical findings and surgical

approaches of distal AChoA aneurysms are different from

proximal AChoA aneurysms. Their treatment is also difficult

because of their deep location, small size, and angioarchi-
nt matter D 2007 Elsevier Inc. All rights reserved.
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tecture. We report 2 cases with a ruptured aneurysm

originating from an intraventricular portion of the AChoA.

In addition, we comprehensively review the literature related

to these rare aneurysms, surgical anatomy of the AChoA,

and potential approaches to the aneurysms within the

temporal horn.
2. Case reports

2.1. Patient 1

This previously healthy 19-year-old woman was admit-

ted with complaints of sudden severe headache, nausea, and

vomiting on August 4, 2004. Her neurologic examination

result was normal except for some slight confusion and neck

stiffness. Computed tomography scans revealed a medial

temporal intracerebral hematoma on the right side with an

intraventricular extension.

Fluid-attenuated inversion recovery magnetic resonance

imaging showed a small low-intensity area within the
gy 67 (2007) 46–52



Fig. 1. Patient 1: FLAIR magnetic resonance image shows a small low-

intensity area within the right medial temporal hematoma suggesting an

aneurysm (arrow).

Fig. 3. Patient 1: Lateral view of the right internal carotid angiogram

showing a small aneurysm at a tiny branch of the distal AChoA.
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hematoma suggesting an aneurysm (Fig. 1). This small

aneurysm could be demonstrated with CTA, but distal

AChoA was not visualized (Fig. 2). Cerebral angiography

clearly revealed a small aneurysm measuring 4 � 4 mm at a

tiny branch of the right distal AChoA (Fig. 3). The

aneurysm was located distal to the angiographic plexal

point of the AChoA, indicating that it was located within the

temporal horn. Early surgery was considered for prevention

of rebleeding.

A right frontotemporal craniotomy including the tem-

poral base was performed. The sylvian fissure and the

carotid cistern were opened. The AChoA was explored and

followed within the carotid and crural cisterns from the

origin to the choroidal fissure. This was our first case of a
Fig. 2. Patient 1: Computed tomographic angiography demonstrates distal

AChoA aneurysm. This is the first demonstration in the literature. In this

study, AChoA itself could not be visualized because of the small size.
distal AChoA aneurysm. Therefore, this exploration was

performed for proximal control at the most distal point of

the cisternal segment, beyond the perforators of the

AChoA. Thereafter, the temporal horn was entered via

the inferior temporal gyrus (Fig. 4). After evacuation of

the hematoma and partial resection of the choroid plexus,

the aneurysm was found at the floor of the temporal

horn in the subepandymal layer. It was located at a tiny

intraventricular branch of the distal AChoA. The total

circumference of the aneurysm was carefully exposed, but

attempted applications of a mini clip to the neck resulted

in occlusion of the tiny parent artery. Therefore, the

aneurysm was resected after the tiny parent artery was

trapped with preservation of distal AChoA. The incision

was closed in the usual fashion. Control angiography

performed 1 day after surgery confirmed the complete
Fig. 4. Patient 1: Schematic drawing showing transtemporal-ventricular

approach to a distal AChoA aneurysm.



Fig. 5. Patient 1: Postoperative angiogram revealing complete obliteration

of the aneurysm. Fig. 7. Patient 2: Cranial CT showing left medial temporal intracerebral

hematoma with intraventricular extension and severe subarachnoid hemor-

rhage.
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obliteration of the aneurysm with preservation of distal

AChoA (Fig. 5). The patient was neurologically intact at

discharge. The histologic findings of the resected aneurysm

did not show any infectious cause (Fig. 6).

2.2. Patient 2

A 37-year-old woman with a 3-year history of hyperten-

sion was brought to our emergency department because of a

sudden onset of severe headache and vomiting on January 26,

2005. Neurologic examination revealed somnolence and

marked meningismus. A CT scan of the brain showed the left

medial temporal intracerebral hematoma with ventricular

extension and diffuse subarachnoid hemorrhage (Fig. 7).

Computed tomographic angiography was performed, but the
Fig. 6. Patient 1: The histology of the aneurysm (hematoxylin and eosin,

original magnification �40).
aneurysm was not visualized. Cerebral angiography demon-

strated a small aneurysm arising from the left distal AChoA

(Fig. 8). It was located distal to the angiographic plexal point.

In this case, proximal AChoA was not explored and the

patient was directly operated on via a left transtemporal-

transventricular route. During careful evacuation of the

hematoma, this very small aneurysm was accidentally

aspirated into the suction system. Minimal hemorrhage

followed but was easily controlled with microbipolar cautery.

No early postoperative complicationwas observed, but 2 days

later the patient gradually deteriorated. Control angiography

revealed diffuse vasospasm involving the left internal carotid,
Fig. 8. Patient 2: Cerebral angiogram demonstrating a small aneurysm

arising from the left distal AChoA.



Fig. 9. Patient 2: Control angiogram revealing severe vasospasm involving

the left internal carotid, middle, and anterior cerebral arteries.
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middle cerebral, and anterior cerebral arteries (Fig. 9).

Despite 3H therapy (hypertension, hypervolemia, hemodilu-

tion), the patient died on postoperative day 28th.
Table 1

Clinical findings of the patients with distal AChoA aneurysms in the English me

Authors Year Age/sex Presentation Loca

the a

Strully [32] 1955 27/F Mass effect Late

Caram et al [2] 1960 38/M SAH, ICH Thal

Cressman and Hayes [4] 1966 34/M SAH, ICH TH

Butler et al [1] 1972 15/F SAH, ICH Trig

Papo et al [29] 1973 57/F SAH, IVH TH

Tanaka et al [35] 1980 57/F IVH TH

Kasamo et al [16] 1984 55/F SAH (another

aneurysm)

TH

Konishi et al [18] 1985 18/F SAH Thal

13/M IVH Late

57/F IVH Late

34/F IVH Late

Knuckey et al [19] 1988 46/F SAH TH

Inagawa et al [15] 1990 75/F IVH, SAH TH

Nishihara et al [28] 1993 34/F IVH, SAH TH

Hamada et al [9] 1994 48/F IVH Late

Hung et al [11] 1996 35/F SAH Ciste

(sup

Morgenstern et al [25] 1996 33/M Ischemic symptoms TH

Kawai et al [17] 1997 19/M IVH TH

Yoneoka et al [42] 1998 69/M IVH TH

Matsuura et al [23] 2000 42/M Ischemic symptoms Ciste

Yanaka et al [39] 2000 8/F IVH TH

Lee et al [20] 2001 48/M ICH, IVH Trig

Kwok-chu Wong [38] 2003 62/F ICH, IVH TH

Present cases 2005 19/F ICH, IVH TH

37/F ICH, SAH TH

AVM indicates arteriovenous malformation; ICH, intracerebral hematoma; IVH,

horn.
3. Discussion

3.1. Literature review

Anterior choroidal artery aneurysms arise at the origin of

the artery in the vast majority of cases and account for less

than 5% of all intracranial aneurysms [7,21,41]. In particular,

distal AChoA aneurysms are quite rare. To our knowledge,

only 12 operated and 11 nonoperated cases have been

reported in the English medical literature before this report

[1,2,4,9,11,15-20,23,25,28,29,32,35,38,39,42]. The clinical

findings of these cases are summarized in Table 1. In these

reports, the aneurysms were located within the temporal horn

in 12 cases [4,15-17,19,25,28,29,35,38,39,42], in the atrium

or body of the lateral ventricle in 7 [1,9,18,20,32], in the

cisternal segment in 2 [11,23], and in the thalamus in 2

[2,18]. Interestingly, the aneurysms were not detected on

initial angiograms in 5 patients (22%). This high incidence of

negative initial angiogram was probably due to the small size

of the aneurysms. In addition, recognizing distal AChoA can

sometimes be hindered by overlapping branches of adjacent

vessels on angiograms. This may also be another cause for

negative initial angiograms.

Computed tomographic angiography has not been

performed in previously reported cases. This technique

was used in both our patients, and the aneurysm could be

demonstrated in case 1. To our knowledge, this is the first
dical literature

tion of

neurysm

Cause Treatment Outcome

ral ventricle Idiopathic Trapping Poor

amus AVM Removal of hematoma Death

Trauma Conservative Death

one Unknown Trapping Fair

Atherosclerosis Trapping Poor

Moyamoya Conservative Death

Moyamoya Clipping (ruptured

aneurysm)

Death

amus Moyamoya Conservative Good

ral ventricle Moyamoya Conservative Fair

ral ventricle Moyamoya Conservative Death

ral ventricle Moyamoya Conservative Death

Atherosclerosis Ligation Good

Idiopathic Conservative Death

Idiopathic Excision Good

ral ventricle Moyamoya Trapping Good

rnal segment

erior branch)

Idiopathic Trapping Good

Idiopathic Conservative Good

Moyamoya Conservative Fair

Idiopathic Clipping Poor

rnal segment Dissection Conservative Good

AVM Trapping Good

one Moyamoya Trapping Good

Moyamoya Clipping Good

Idiopathic Trapping Good

Idiopathic Trapping Death

intraventricular hematoma; SAH, subarachnoid hemorrhage; TH, temporal
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demonstration in the literature. However, we think that the

gold standard is still conventional angiography for diagnosis

of these small aneurysms.

3.2. Pathogenesis

The small distal aneurysms usually remind us of the

infectious cause. The medical histories were not significant

for infection in our cases. In addition, routine hematological

and biochemical examination, electrocardiogram, chest

x-ray, and intraoperative findings were normal. Further-

more, histologic findings of the aneurysm (case 1) did not

support infectious theory. In some cases, these aneurysms

may be secondary to moyamoya disease, tumor embolus,

arteriovenous malformation, or trauma (Table 1). In our

cases, there was no historical, radiologic, or clinical

evidence to support any of the above etiologies either.

Therefore, the aneurysms were presumed to be idiopath-

ic. In the literature, these aneurysms were associated with

moyamoya disease in 10 cases [9,16-18,20,35,38]. Other

etiologic factors were arteriovenous malformation in 2 cases

[2,39], atherosclerosis in 2 [19,29], trauma in 1 [4], and

unknown in 1 [1]. There were 6 cases of idiopathic origin

reported [11,15,25,28,32,42], as in our case.

3.3. Vascular anatomy

Anatomic and angiographic knowledge are very impor-

tant in the evaluation and treatment of distal AChoA

aneurysms. The AChoA arises from the posterior wall of

the internal carotid artery just distal to the posterior

communicating artery. Rarely, it has been found to arise

from the posterior communicating artery or carotid bifurca-

tion [8,13,24]. The AChoA mostly arises as a single vessel.

True duplication of this artery is a rarity. According to the

anatomical study of Saeki and Rhoton [31], incidence of

double AChoA is 4%. The frequency of angiographic

visualization of the AChoA has been reported to be between

92% and 100% [26,37]. Its course is best studied with lateral

and Towne’s projections.

The AChoA has 2 main segments: cisternal and plexal

[8,24,30]. The cisternal segment extends from the origin to

the choroidal fissure. In most cases, the cisternal segment

has a gentle S-shaped curve on lateral angiogram [37]. The

length of this segment is approximately 24 mm [8,30]. The

branches of this segment supply the optic tract, cerebral

peduncle, lateral geniculate body, uncus, hypocampus,

dentate gyrus, and posterior limb of the internal capsule

[7,30,31,41]. However, the exact AChoA territory may

show large variations [12].

The plexal segment begins at the choroidal fissure and

continues posteriorly within the temporal horn, usually as a

single trunk. The point where the artery enters the temporal

horn at the choroidal fissure is known as angiographic

plexal point. This point is frequently recognized as an

abrupt deflection in course approximately 18 to 26 mm

posterior to the internal carotid artery [27]. This point is also

located approximately 4 cm posterior to the temporal tip
[14]. The AChoA frequently splits into the medial and

lateral plexal branches (bifurcation of the AChoA) within

the temporal horn [3,24]. In 1990, Takahashi et al [37]

analyzed 216 consecutive carotid angiograms from 108 pa-

tients. According to this large study, incidence of visuali-

zation of the medial branch is 97% and that of the lateral

branch 64%. The blood supply from the plexal segment

feeds mainly the choroid plexus of the temporal horn

[7,20,28,38]. Distal branches of the AChoA beyond the

temporal horn may supply the choroid plexus of the atrium

and body of the lateral ventricle, rarely extending to the

foramen of Monro, where it anastomoses with branches of

the medial posterior choroidal artery [8,27,30].

The AChoA anastomoses with branches of the posterior

communicating and posterior cerebral arteries, especially

posterior choroidal arteries [8,13,36]. The richest anasto-

motic network is localized on the lateral geniculate body

and inside the choroid plexus [24].

3.4. The AChoA syndrome

The AChoA syndrome was first described by Foix et al

in 1925 (quoted in Refs [5,7,13,33,36]). When complete,

this syndrome includes contralateral hemiplegia, hemi-

anesthesia, and homonimus hemianopia. The most constant

neurologic deficit is hemiplegia, which is caused by the

involvement of the pyramidal tract in the posterior limb of

the internal capsule. Hemianesthesia and homonimus hemi-

anopia may be temporary and incomplete. In the AChoA

syndrome, the neurologic picture may also be associated

with other symptoms, including pseudobulbar mutism [10],

pathologic crying [5], and disorders of speech in dominant

hemisphere lesions [33].

3.5. Surgery

We would like to discuss 2 surgical points concerning

these cases. The first point is sacrificing of the plexal

segment. Most distal AChoA aneurysms in the literature are

located at the plexal segment itself as in our second case. In

this situation, the aneurysms cannot be usually clipped

without sacrificing the parent artery because of the fragile

nature and very small size of the parent artery. Although

occlusion of the cisternal segment most probably results in

contralateral hemiplegia [7,33,41], this procedure is usually

well tolerated on the plexal segment because of the rich

anastomotic network [13,19,20,28,39]. However, there is a

controversy concerning the participation of the plexal

segment (beyond choroid plexus) in the vascularization of

vital neural structures. In 1999, Marincovic et al [22] studied

the surgical anatomy of the perforating branches of the

AChoA. According to this microanatomic study, the most

distal perforator of the AChoA, known as the capsulothala-

mic artery, originates close to the lateral geniculate body, just

in front of the temporal horn. Thus, no perforators arise from

the plexal segment. Therefore, ligation or trapping can be

performed in those lesions distal to the plexal point (intra-

venticular segment of the AChoA). In contrast, according to
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the anatomical studies of Fujii et al [8] andMorandi et al [24],

some distal branches of the plexal segment may supply the

thalamus. However, according to a recent anatomical study of

Cosson et al [3], the AChoA is a source of lateral thalamic

vascularization only by its cisternal branches. As a result,

sacrificing of distal AChoA within the temporal horn may

carry some risk of ischemia to its distal branches. Therefore, a

reliable intraoperative monitoring is needed to perform safer

and more precise surgery. For this purpose, the recently

developedMEP can be used to avoid the complications due to

blood flow insufficiency of the AChoA during surgery [34].

Although many authors have trapped the plexal segment and

resected these aneurysms without any neurologic damage

[19,20,28,39], we believe that, whenever possible, this artery

should be preserved.

The second point is surgical approach. For aneurysms in

the temporal horn, 2 operative approaches have been

described. The transtemporal-ventricular route has been

used in most operated cases [18,28]. This approach provides

good exposure. By this approach, however, intraventricular

hematoma can hide the parent artery and proximal control

cannot be obtained at an early stage. In addition, detection

of these small aneurysms may be difficult within the

temporal horn. For this purpose, the use of frameless

stereotactic guidance may be very useful for these small

aneurysms which are frequently embedded in the brain

tissue as in our first case. In the alternative approach, the

sylvian fissure can be widely opened and the AChoA can be

followed from the origin to the temporal horn. After the

plexal point is identified, the choroidal fissure is opened,

entering the temporal horn along the AChoA. This approach

is more suitable for aneurysms in the crural cistern or

choroidal fissure. But the aneurysm may be within the brain

tissue or subepandymal location. In this situation, further

dissection may be dangerous because of the narrow

operating field and potential injury to the basal vein, which

is formed by the confluence of the anterior and middle

cerebral veins and passes very close to the AChoA [6,24].

Fig. 2 demonstrates this close relationship.

Endovascular treatment may be an alternative for these

aneurysms. We preferred open surgery because transcatheter

techniques would have required an antegrade approach,

potentially endangering the proximal AChoA. Endovascular

parent artery occlusion with liquid embolic agents carries a

risk of unintentional reflux of the embolic agent, which

would have been devastating.

3.6. Conclusion

The conclusions drawn from our experience and a review

of the literature include the following: (1) A distal AChoA

aneurysm should be considered in patients with isolated

medial temporal intracerebral hematoma with intraventric-

ular extension. (2) These aneurysms are frequently very

small (b5 mm). Therefore, they cannot be detected on initial

angiograms in some cases. (3) These small aneurysms

cannot be usually clipped without sacrificing the parent
artery. (4) Sacrificing distal AChoA (beyond the plexal

point) does not usually cause any neurologic deficit, but,

whenever possible, this artery should be preserved.
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Commentary

This is a paper on the aneurysm of the distal AChoA and

is well documented. As the authors describe on their first

case, a 2-step approach, pterional approach for securing the

proximal anterior choroidal artery to proximal control

followed by temporal transcortical approach, is a good

and safe alternative, especially in the case of ruptured

aneurysm.

Kazuhiro Hongo, MD

Department of Neurosurgery

Shinshu University School of Medicine

Matsumoto 390-8621, Japan

The authors described 2 cases of distal AChoA

aneurysms, which are very rare, and reviewed the previous

reported literature. The pathogenesis of the small distal

aneurysms is infection, trauma, or vascular abnormality

associated with moyamoya disease or arteriovenous mal-

formation. The 2 aneurysms that the authors reported seem

to be idiopathic from the histologic findings and hemato-

logic examinations. Although they successfully treated the

first case, the second case was lost because of cerebral

vasospasm. The occlusion of the AChoA causes irrevers-

ible severe and permanent hemiparesis. Therefore, preser-

vation of the blood flow of the AChoA during surgery is

extremely important. The authors stated that the occlusion

of the artery beyond the plexal point did not cause

complications. Although I agree with them, premature

rupture sometimes forces the proximal segment of the artery

to occlude temporarily.

Therefore, reliable intraoperative monitoring is needed to

perform safer and more precise surgery. The recently

developed MEP can be used to avoid infarction due to

blood flow insufficiency of the AChoA during surgery.

In their conclusion, the authors summarized the impor-

tant points for the management of these aneurysms. We have

to consider the possibility of a distal AChoA aneurysm

when an isolated medial temporal intracerebral hematoma

with intraventricular extension is shown on CT.

Namio Kodama, MD

Department of Neurosurgery

Fukushima Medical School

Fukushima 960-12, Japan
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