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BACKGROUND Choroidal collaterals are a risk factor for hemorrhagic stroke, even in the nonhemorrhagic hemisphere, among patients with
moyamoya disease (MMD). Peripheral choroidal aneurysms rupture in fragile collaterals; however, the development and natural course of these
aneurysms remain elusive.

OBSERVATIONS A 51-year-old woman, who had experienced a right cerebral hemorrhage 3 years earlier, presented with asymptomatic minor
bleeding from a left lateral choroidal artery aneurysm in a predeveloped choroidal anastomosis. Although the aneurysm spontaneously thrombosed
within 2 months, the choroidal collaterals persisted. After bypass surgery, the choroidal anastomosis regressed, and neither a de novo aneurysm nor a
hemorrhagic stroke occurred. A 75-year-old woman with MMD, who had experienced a left frontal infarction 6 years earlier, experienced recurrent right
intraventricular hemorrhage from a ruptured lateral choroidal artery aneurysm that developed in the choroidal anastomosis. The aneurysm
spontaneously regressed 3 days after the rebleeding with no recurrence over the following 7 years.

LESSONS Choroidal artery aneurysms may develop in the choroidal anastomosis and rupture in the nonsurgical or contralateral hemispheres.
Patients with MMD who have a history of hemorrhagic or ischemic stroke and impaired cerebral blood flow require careful observation. Although
aneurysms may rapidly regress spontaneously, bypass surgery can stabilize hemodynamic stress and prevent further hemorrhage.
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Associated hemorrhagic events in moyamoya disease (MMD)
have high morbidity and mortality rates.1,2 Recently, the Japan Adult
Moyamoya (JAM) Trial, a multicenter randomized controlled trial on
hemorrhagic MMD, revealed that periventricular anastomoses are
dangerous collateral vessels associated with the potential risk of re-
bleeding in patients with hemorrhagic MMD.3,4 In fragile collateral
anastomoses, the posterior type, which includes choroidal anasto-
moses, needs to be carefully managed because of the higher risk
of rebleeding.5,6 Meanwhile, the subanalysis of the JAM Trial dem-
onstrated that the risk of hemorrhage in the nonhemorrhagic hemi-
sphere with choroidal anastomosis is higher than that without
choroidal anastomosis, and it resembles the risk of hemorrhage in
asymptomatic patients with MMD.7 As the origin of fatal hemor-
rhage, the formation of MMD-associated intracranial aneurysms has

been reported, and these aneurysms are observed in 3–14% of the
patients.8 The aneurysms are classified as either major artery aneur-
ysms or peripheral aneurysms. Peripheral aneurysms are character-
ized by MMD caused by distal dilated fragile collateral arteries
exposed to unstable hemodynamic stress.9–12 Distal choroidal artery
aneurysms in the periventricular region with the risk of hemorrhage in
the presence of such fragile collateral vessels in the periventricular
region have been described. Although major artery aneurysms can
be treated surgically, surgical intervention for peripheral aneurysms is
challenging because of their peripheral and deep location. The devel-
opment and natural history of peripheral choroidal artery aneurysms
arising from choroidal collaterals have not been fully elucidated. Here-
in, we report on 2 cases of newly developed choroidal artery aneur-
ysms in the nonsurgical and nonhemorrhagic hemisphere of 2 adult

ABBREVIATIONS CT 5 computed tomography; CTA 5 computed tomography angiography; CVR 5 cerebrovascular reactivity; DSA 5 digital subtraction
angiography; IVH 5 intraventricular hemorrhage; JAM 5 Japan Adult Moyamoya; MMD 5 moyamoya disease; MRA 5 magnetic resonance angiography; MRI 5
magnetic resonance imaging; TIA 5 transient ischemic attack.
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patients with MMD who had previous hemorrhagic and ischemic
stroke events.

Illustrative Cases
Case 1

A 51-year-old woman presented with asymptomatic minor bleed-
ing from a small left peripheral periventricular aneurysm in the pos-
terior choroidal anastomosis with perifocal edema, detected using
magnetic resonance imaging (MRI) at a regular outpatient follow-up
(Fig. 1). She had a history of intracranial hemorrhage in the right
cerebral hemisphere and intraventricular hemorrhage (IVH) 3 years
prior to this episode of care (Fig. 2A). She had no other medical or
family history. At that time, examination revealed MMD (Suzuki
stage III bilaterally) with a well-developed abnormal anastomosis of
the medullary artery in the periventricular region in the right hemi-
sphere (Fig. 2B). A choroidal anastomosis in the nonhemorrhagic
left cerebral hemisphere was observed on magnetic resonance
angiography (MRA) and digital subtraction angiography (DSA) imag-
ing without the aneurysm (Fig. 2C–E). Single-photon emission com-
puted tomography (CT) with N-isopropyl [123I]-p-iodoamphetamine
evidenced the impaired cerebrovascular reactivity (CVR) in the left
hemisphere (Fig. 2F). Bypass surgery was performed for the right
hemisphere to prevent rebleeding (17 months after hemorrhage).
No surgical intervention was performed for the left hemisphere while
she was hospitalized because it was asymptomatic.

Cerebral angiography was planned for further investigation of
the left periventricular aneurysm soon after aneurysm detection;
however, the procedure was performed 52 days after the aneurysm
was detected owing to the patient’s personal reasons. The DSA
demonstrated no obvious aneurysm of the left posterior choroidal
artery and a developed posterior choroidal anastomosis in the left
cerebral hemisphere (Fig. 3A). The result of MRI corroborated the
DSA finding, and spontaneous regression of the aneurysm was sus-
pected (Fig. 3B–E). Although the aneurysm was thrombosed, the
choroidal anastomosis with connection of the medullary artery per-
sisted (Fig. 3F). Five months after the asymptomatic minor bleeding
event, bypass surgery (superficial temporal artery–middle cerebral
artery anastomosis and encephaloduromyosynangiosis) was per-
formed to prevent recurrence of the aneurysm and hemorrhagic
stroke of the left cerebral hemisphere. On follow-up MRA 2 weeks
after surgery, bypass patency was confirmed and shrinkage of the
choroidal anastomosis was already observed. There was no recur-
rence of the aneurysm (Fig. 3G and H).

Case 2
A 75-year-old woman, previously diagnosed with MMD (Suzuki

stage III bilaterally) with a left frontal infarction and dilated right pos-
terior choroidal artery with choroidal-type periventricular anastomosis
(Fig. 4A–C), presented with a complaint of sudden-onset severe
headache and was admitted to the hospital. A CT scan revealed a

FIG. 1. MRI shows a small aneurysm formation in the left ventricle wall of the distal lateral choroidal artery (white arrows) that was suspected to be
associated with minor bleeding. The aneurysm was developing on the preexisting choroidal anastomosis. A: Axial MRA image. B: T2-star image.
C: Fluid-attenuated inversion recovery image. D: Coronal MRA image.
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severe right IVH and subarachnoid hemorrhage, and CT angiography
(CTA) and MRA demonstrated the formation of a small aneurysm on
the right ventricular wall (Fig. 4D–F).

She presented with a transient ischemic attack (TIA) associated
with left-sided weakness at the age of 40 years. Conservative treat-
ment was administered continuously thereafter; however, the patient
developed a cerebral infarction of the left frontal lobe at the age of
69 years (Fig. 4A). Cerebral angiography demonstrated bilateral in-
ternal carotid artery stenosis (Suzuki stage III bilaterally),
and the diagnosis of MMD was made. A dilated right posterior chor-
oidal artery was also detected on the cerebral angiography with chor-
oidal-type periventricular anastomosis (Fig. 4B and C). She did not
undergo surgical intervention because of her advanced age, and con-
servative treatment was continued with 100 mg of aspirin per day.

The development of a small aneurysm in the right posterior chor-
oidal artery, indicating the etiology of the hemorrhage, was confirmed
on DSA (Fig. 4G–I), and an increased choroidal anastomosis was
also observed. Conservative treatment was continued because of the
high risk of surgical intervention given the inaccessible aneurysm lo-
cation and the patient’s advanced age. She was transferred to an-
other hospital for rehabilitation. However, almost 1 month after the
initial bleeding episode, the hemorrhage recurred and she was admit-
ted to our hospital again (Fig. 5A). The choroidal aneurysm was still
observed on repeated CTA (Fig. 5B). Endovascular treatment was

considered to prevent rebleeding from the ruptured aneurysm, and
DSA was performed 3 days later, but the small aneurysm was not
detected (Fig. 5C and D). The aneurysm was considered to have
thrombosed and spontaneously regressed. Conservative treatment
was continued, and she was transferred to the rehabilitation hospital
again. No stroke event has occurred in the 7 years since her dis-
charge from our hospital. MRI demonstrated no recurrence of the
choroidal artery aneurysm, and the choroidal collaterals featured less
development than those observed 7 years prior (Fig. 5E–G).

Discussion
Since the JAM Trial, periventricular anastomoses have been gar-

nering increasing focus because they increase the risk of rebleeding
in patients with hemorrhagic MMD, and the subanalysis of the JAM
Trial indicates that periventricular anastomoses are associated with
a potential risk of bleeding even in patients who are asymptomatic
for MMD.7 Distal choroidal artery aneurysms are typically observed
on the ventricular wall, which can cause IVH if they rupture in pa-
tients with MMD. Moreover, the resulting aneurysm is considered a
pseudoaneurysm.13 Previous studies have suggested that local
hemodynamic stress initiates aneurysm formation.11,14 Given the asso-
ciated fragility and exposure to abnormal hemodynamics, the rupture
risk of such aneurysms is relatively high.15,16 However, the existing
literature is limited concerning descriptions about relevant clinical

FIG. 2. Initial onset of hemorrhage in the right cerebral hemisphere had occurred 3 years earlier in case 1. A: CT image shows intracerebral hemorrhage
in the right hemisphere and IVH. B: Choroidal anastomosis (white arrows) was suspected in the right hemorrhagic hemisphere on the axial image of the
MRA. C: Development of a choroidal anastomosis in the left nonhemorrhagic hemisphere was detected on MRA imaging (coronal image; white arrows).
D and E: Anterior-posterior and lateral views of left vertebral artery angiography show the development of a choroidal anastomosis (black arrows).
F: Single-photon emission CT scan demonstrates impaired CVR in the left nonhemorrhagic hemisphere.
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courses in patients with choroidal artery aneurysms and prognoses
after aneurysm rupture;17 the natural course of choroidal artery
aneurysms, including aneurysm development, in choroidal collaterals has
rarely been reported. In our patients, both choroidal artery aneurysms
developed on preexisting choroidal collaterals during the follow-up
period and eventually ruptured. Funaki et al. reported in the suba-
nalysis of the JAM Trial that the risk of de novo hemorrhage in the
nonhemorrhagic hemispheres was significantly higher in patients
positive for choroidal anastomosis than in patients negative for
choroidal anastomosis, and the surgical group positive for choroidal
anastomosis had no hemorrhagic event during the 5-year follow-up
period.7 In case 1, a choroidal anastomosis was detected in the non-
hemorrhagic hemisphere of the surgical patient. The peripheral
aneurysm developed 2 years after the surgery, with an asymptomatic
minor hemorrhage in a mirror image of the previous contralateral
hemorrhage. These findings indicate that careful observation of
surgical patients is required even in the presence of a contralateral
choroidal anastomosis.

The second case of an older patient with ischemic MMD was par-
ticularly unusual because she presented with a rare hemorrhagic

transformation in the contralateral hemisphere long after the ischemic
event. Ischemic episodes are the most common symptom among old-
er patients with MMD; hemorrhagic MMD is less prevalent than is-
chemic MMD.18 Hemorrhagic events in older patients with MMD are
associated with high rates of morbidity and mortality; in particular,
rebleeding is a significant risk factor for poor outcomes.19 In our
case, a choroidal anastomosis was detected 6 years before a hemor-
rhage resulting from a lateral posterior choroidal artery aneurysm.
Hori et al. reported that the increasing age in the Japanese popula-
tion is associated with dilation and extension of the posterior choroid-
al artery, which is associated with the potential risk of hemorrhagic
events.20 To date, our patient is the oldest patient with MMD in
whom a choroidal artery aneurysm has been reported to develop and
rupture.

Interestingly, in both cases, the aneurysm spontaneously regressed
after bleeding. Some studies have reported spontaneous regression of
distal choroidal artery aneurysms with regressed choroidal anasto-
mosis after 6 weeks to 11 months.10,21,22 In case 1, the regression oc-
curred almost 2 months after minor bleeding, whereas it occurred only
3 days after rebleeding in case 2. In both cases, choroidal

FIG. 3. A: Lateral views of right vertebral artery angiography (52 days after minor bleeding was detected) showing choroidal anastomosis (black arrows)
with no obvious aneurysm in the left lateral choroidal artery. MRI demonstrated a thrombosed aneurysm (single white arrows). B: Axial MRA image.
C: Susceptibility-weighted image (SWI). D: Fluid-attenuated inversion recovery image. E: Coronal MRA image. F: Choroidal anastomosis was still
visible on the other site in the coronal MRA image (white arrows). G and H: The coronal MRA images after bypass surgery demonstrated the
regression of choroidal anastomosis.
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anastomosis was still observed after spontaneous regression. Bypass
surgery was performed in case 1, after which the choroidal anasto-
mosis regressed, and no rebleeding occurred. Bypass surgery is con-
sidered effective for stabilizing hemodynamic stress on choroidal
anastomosis and preventing aneurysm formation.11,23 In the meantime,
the spontaneous regression of an aneurysm is possible; however,
some authors have reported a high risk of associated rebleeding.24

Notably, in case 2, the aneurysm caused the rebleeding within 1
month, although it thrombosed within 3 days after the rebleed. To the

best of our knowledge, the spontaneous thrombosis of a choroidal ar-
tery aneurysm after rebleeding has not been described previously, and
the 3-day period is the shortest in spontaneous regression of ruptured
choroidal artery aneurysms.

In the presence of fragile periventricular anastomoses, the devel-
opment of peripheral artery aneurysms appears to be associated
with hemodynamic stress instability in the collateral vessels. In par-
ticular, the presence of a choroidal anastomosis is thought to
be predictive of unstable hemodynamic conditions and a high risk

FIG. 4. Onset of ischemic stroke had occurred 6 years earlier in case 2. A: Cerebral infarction occurred in the left frontal lobe. B and C: Anterior-
posterior and lateral views of the right vertebral artery angiography. Development of choroidal collaterals was observed (black arrows). D: CT imaging
shows IVH. E: CTA imaging detected a small aneurysm in the distal lateral posterior choroidal artery of the right lateral ventricle wall (white arrow).
F: MRA image shows a distal lateral posterior choroidal artery aneurysm arising from choroidal anastomosis (white arrows). G–I: Anterior-posterior, left
anterior oblique, and lateral views of the right vertebral artery angiography demonstrate a distal choroidal artery aneurysm in the right lateral posterior
choroidal artery with the development of a choroidal anastomosis (black arrows).
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of hemorrhagic events.14 Wang et al. reported lateral posterior
choroidal collateral anastomosis to be a predictive marker of recurrent
ipsilateral hemorrhage.12 Conversely, the emergence of microaneur-
ysms on choroidal collateral vessels is rarely reported, and Matsush-
ige et al. reported that ventricular microaneurysms in the posterior
choroidal collateral vessels of patients with MMD can be detected by
7-T time-of-flight MRA.25 This finding indicates that such fragile chor-
oidal collaterals are associated with the potential risk of aneurysm
formation.

Our cases indicate that the development of choroidal anasto-
mosis, especially in patients with preceding stroke events, may po-
tentially be accompanied by peripheral aneurysm formation and
rupture risk in the nonsurgical hemisphere. One patient had a his-
tory of hemorrhage in the contralateral hemisphere, and the other
experienced an ischemic stroke event in the contralateral hemi-
sphere. Furthermore, the hemodynamic states in the hemispheres
with a newly developed aneurysm of both patients seemed un-
stable. The impairment of CVR was observed in case 1, and the
patient in case 2 presented with a history of TIA. These clinical find-
ings indicate that the unstable hemodynamic state without surgical
intervention triggered the development of choroidal anastomosis,
causing a peripheral aneurysm and eventual rupture. These aneurysms
are thought to be pseudoaneurysms, and bypass surgery is effective for
stabilizing abnormal hemodynamic stress and consequently preventing
further bleeding while promoting gradual aneurysm thrombosis.23 On
the contrary, endovascular surgery is effective in terms of prompt and
radical treatment of aneurysms based on direct embolization if catheter

access is feasible.13,26 Bypass surgery was performed in case 1, and
choroidal anastomosis remarkably regressed only 2 weeks after surgery;
however, in case 2, the older patient with MMD was not treated surgical-
ly because of her advanced age. The patient experienced no stroke
event and no recurrence of the aneurysm for more than 7 years after
the episode of rebleeding, although careful observation is required in pa-
tients with MMD who have choroidal anastomosis. This is an extremely
rare case that demonstrates the long-term prognosis of a choroidal
anastomosis in nonsurgical patients with MMD after rebleeding.

Observations
The natural course comprising the development, rupture, and

spontaneous thrombosing of choroidal artery aneurysms in preexist-
ing choroidal anastomoses was described in 2 patients with MMD.
Both patients had a previous stroke event in the contralateral hemi-
sphere; one was hemorrhagic and the other ischemic. Asymptomatic
minor bleeding occurred in the contralateral hemisphere of a previous
hemorrhagic episode in 1 patient. Hemorrhagic transformation oc-
curred in the long-term follow-up of the elderly patient. In 1 patient,
spontaneous regression of the aneurysm occurred within 2 months
after minor bleeding, whereas it occurred within 3 days after rebleed-
ing in the other patient. Development of choroidal artery aneurysms
has rarely been reported. This report also documents the follow-up of
thrombosed peripheral aneurysms with choroidal collaterals after
bleeding in 2 patients with MMD who each had a previous stroke
event. Neither de novo aneurysm formation nor additional hemor-
rhage was observed in either patient in the subsequent follow-up.

FIG. 5. A: CT imaging shows rebleeding. B: A distal right lateral choroidal artery aneurysm was the origin of the hemorrhage (white arrow). Anterior-
posterior (C) and lateral (D) views of the right vertebral artery angiography demonstrate no obvious aneurysm on choroidal anastomosis (black arrows); it
was suspected that the aneurysm had spontaneously regressed. The MRI performed 7 years after rebleeding showed less development of choroidal
anastomosis, and no recurrence of the aneurysm was observed (single white arrows, E–G). E: Axial MRA image. F: SWI. G: Coronal MRA image.
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Lessons
The formation of distal choroidal artery aneurysms may potential-

ly be related to hemodynamic stress associated with the develop-
ment of choroidal anastomoses. Patients with MMD and fragile
collaterals in the nonsurgical hemisphere with a preceding stroke
event and impaired cerebral blood flow require careful follow-up, in-
cluding elderly patients. Bypass surgery could be considered to sta-
bilize the hemodynamic stress; however, spontaneous regression of
aneurysms can occur and remain over the longer term.
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