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Moyamoya disease associated with arteriovenous malformation
and anterior communicating artery aneurysm:
A case report and literature review
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Abstract. Moyamoya disease (MMD) can be associated with an
aneurysm or arteriovenous malformation (AVM). However, no
case of MMD simultaneously associated with both intracranial
aneurysm and AVM has been previously reported. The present
study reports the case of a patient with MMD simultaneously
associated with both aneurysm and AVM. The patient was
a 46-year-old woman presenting with a subarachnoid hemor-
rhage whose imaging diagnosis of MMD was associated with
an aneurysm and AVM. The aneurysm was located in the
anterior communicating artery, which was similar to a berry
aneurysm caused by hemodynamics. The AVM was located
in the posterior circulation. Beyond the presentation of the
posterior cerebral artery, the appearance of an artery supplying
blood from the middle cerebral artery supported the view that
the AVM was congenital and unruptured. Conservative treat-
ment was provided and examination of the patient at follow-up
showed good recovery. In addition to the case report, the present
study also reviewed the relevant literature in order to compile
information on MMD associated with both an aneurysm and
AVM.

Introduction

Moyamoya disease (MMD) refers to stenosis or occlusion at
the end of the bilateral internal carotid arteries, with a repre-
sentative characteristic of the disease being the formation of
moyamoya-like vessels; this condition is common in Japan and
China (1). Although the majority of MMD cases are not caused
by aneurysms, its association with an intracranial aneurysm
is not uncommon (2). The aneurysms are often located in the
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posterior circulation, which is most likely the cause of the
intracranial hemorrhage (3). Compared with its association with
aneurysms, MMD associated with arteriovenous malformation
(AVM) is rare, with only ~20 cases having been reported to
date (4). MMD simultaneously associated with both intracranial
aneurysm and AVM is very rare, with no case having been
reported to date. The present study reports a case of MMD
simultaneously associated with both intracranial aneurysm and
AVM, and the possible cause of the concomitant aneurysm and
AVM was investigated.

Case report

A 46-year old female patient was admitted to the First Hospital
of Jilin University (Changchun, China) of 1st May 2014 due to
a sudden and severe headache with nausea and vomiting. The
patient was healthy, with no prior history of hypertension or
diabetes. A physical examination revealed that the patient was
conscious and able to answer questions accurately, and that her
limbs were flexible with normal muscle tone, muscle strength
grade V, a positive Kernig's sign, and a Hunt-Hess grade
of I1I (5,6).

Following admission, a head computed tomography (CT)
scan (SOMATOM Definition AS; Siemens AG, Munich,
Germany) revealed a high-density cord-like shadow in the
suprasellar cistern, the ambient cistern and the lateral Sylvian
cistern, and a high-density calcification in the left occipital
lobe, whereas the bilateral ventricles were of normal size.
Magnetic resonance imaging (MRI; MAGNETOM Trio, A
Tim System; Siemens AG) showed a flow-void signal in the
left occipital lobe, suggesting AVM (Fig. 1). In addition, MRI
revealed a mass of tortuous vessels in the left occipital lobe, and
the branch of the left posterior cerebral artery was observed
passing into the lesion, with an observable bent and inappro-
priately shaped draining vein. The bilateral middle cerebral
artery and the right anterior cerebral artery Al segment were
abnormally displayed, and an abnormal vascular network
was observed in the area that the bilateral middle cerebral
arteries supplied to, suggesting MMD; the left anterior cere-
bral artery was clearly observable, and a berry-like projection
was observed at the anterior communicating artery (Fig. 2).
CT angiography (CTA; SOMATOM Definition AS) showed
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Figure 1. CT and MRI imaging of the head of the patient. (A) CT scan showed
a high-density cord-like shadow in the lateral Sylvian cisterns and the lon-
gitudinal Sylvian (white arrow), suggesting a subarachnoid hemorrhage.
(B) MRI scan revealed a flow-void signal in the left occipital lobe (white
arrow), suggesting arteriovenous malformation. CT, computed tomography;
MRI, magnetic resonance imaging.

Figure 2. Magnetic resonance angiography of the head of the patient.
(A-C) A mass of vessels was evident in the left occipital lobe and in the
branch of the left posterior cerebral artery traveling into the lesion, with a
bent and out-of-shape draining vein observed. The right carotid artery was
narrower than the left. The bilateral middle cerebral artery and the right
anterior cerebral artery Al segment were not normally displayed, and a
small abnormal vascular network was observed close to the bilateral middle
cerebral artery, suggesting Moyamoya disease. (D) The left anterior cerebral
artery was clearly observable, and a berry-like projection was present at the
anterior communicating artery (white arrow), suggesting moyamoya disease,
arteriovenous malformation and anterior communicating artery aneurysm.

the presence of an AVM in the blood supply near the left
middle cerebral artery and the posterior cerebral artery, and
the draining vein converged into the superior sagittal sinus
upward and the transverse sinus backward. An aneurysm was
observed in the anterior communicating artery, with a size
of ~4.6x4.2 mm, projecting to the lower right side (Fig. 3).
A digital subtraction angiography (DSA; Siemens Neurostar
Plus; Siemens AG) examination of the intracranial arteries was
performed to confirm the diagnosis of MMD, the presence of
AVM in the left occipital lobe, and the anterior communicating
artery aneurysm (Fig. 4). Intracranial magnetic resonance
perfusion imaging (MRP; MAGNETOM Trio, A Tim System)
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Figure 3. Computed tomography angiography image of the head of the patient.
(A and B) An AVM was evident in the left occipital lobe. The branches of
the left middle cerebral artery and posterior cerebral artery can be observed
entering the lesion. The draining veins from the lesion converged into the
superior sagittal sinus upward and the transverse sinus backward. The right
middle cerebral artery and the anterior cerebral artery Al segment were not
normally displayed, and the left anterior cerebral artery A2 segment started
from the anterior communicating artery (black and white arrows). A blood
vessel branch in close to the left middle cerebral artery extended into the
AVM. (C and D) An aneurysm of ~4.6x4.2 mm was observed in the anterior
communicating artery (white arrows), projecting to the lower right side.
AVM, arteriovenous malformation.

was performed, following the injection of gadolinium-DTPA
(0.1 mmol/kg; Omniscan™; GE Healthcare Bio-Sciences,
Pittsburgh, PA, USA) into the patient. Cerebral blood volume
(CBV), cerebral blood flow (CBF), mean transit time (MTT)
and time to peak (TTP) were measured by comparing the
bilateral colors and time parameters; these results showed that
the CBV, CBF, MTT and TTP were symmetrical in the bilat-
eral hemispheres and that there were no significant ischemic
changes in the brain tissue (Fig. 5).

Following admission, the patient underwent aneu-
rysm-clipping surgery (7). Briefly, the sylvian fissure was
dissected near the bifurcation of the carotid artery to expose
the anterior cerebral artery Al segment. Subsequently, the
anterior communicating artery aneurysm was located and
projected to the opposite side. The surgical clipping of the
aneurysm was successful, with no intracranial hemorrhage
or edema observed in the followed-up CT examination
(Fig. 6A and B). The patient recovered well with no complica-
tions. At the follow-up CTA conducted six months following
the surgical procedure neither an aneurysm recurrence nor any
change in the MMD and AVM was observed (Fig. 6C-F). The
present study was approved by the Ethics Committee of the
First Hospital of Jilin University. Written informed consent
was obtained from the patient for the publication of this study.

Discussion

The main characteristic of MMD is a stenosis or occlusion at
the end of the internal carotid artery or a stenosis or occlusion at
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Figure 4. Digital subtraction angiography image of the head of the patient.
(A and B) Carotid angiography showed that the bilateral middle cerebral
artery was not present and was replaced by abnormally developed moy-
amoya-like vessels, and the right anterior cerebral artery was absent. The left
anterior cerebral artery was dominant, serving the bilateral anterior cerebral
artery, and an aneurysm was present in the anterior communicating artery
(white arrow). (C and D) An arteriovenous malformation in the occipital lobe
was observed, with the blood supply from the middle cerebral artery and the
posterior cerebral artery (white arrow) and the draining veins converging
into the superior sagittal sinus upward and the left transverse sinus backward.
(E and F) 3 dimensional reconstruction showed that the anterior communi-
cating artery aneurysm had an irregular shape, with ruptured vesicles present
on top (white arrow).

the end of the anterior cerebral artery and/or the middle cerebral
artery; such a stenosis or occlusion results in the compensa-
tory expansion of a moyamoya-like vessel network in the area
adjacent to the stenosis (8). Following the occurrence of MMD,
the pressure on the artery trunk with no occlusion increases,
and an aneurysm may occur. This aneurysm is typically located
in the posterior circulation, specifically at the tip of the basilar
artery (9). If the end of the carotid artery is not entirely occluded
following MMD, the anterior cerebral artery may be unob-
structed, and a compensatory increase in blood flow will induce
the formation of an aneurysm at the anterior communicating
artery (2). In 1996, Kawaguchi et al (10) reported two cases of
MMD associated with anterior communicating artery aneu-
rysms and the image of the aneurysm reported in the present
study is similar to that observed by Kawaguchi ef al (10).
Clipping surgery is a treatment option for MMD-associated
anterior communicating artery aneurysms; however, intraop-
erative damage to the collateral circulation that forms following
MMD should be avoided (11). The anterior communicating
artery aneurysm reported in the present study was adequately
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Figure 5. Magnetic resonance perfusion of the head of the patient. (A) Cerebral
blood volume. (B) Cerebral blood flow. (C) Mean transit time. (D) Time to
peak. No significant ischemic changes in the brain tissue were observed. The
arrow indicates the location of the arteriovenous malformation.

Figure 6. Intraoperative and postoperative images of the head of the patient.
(A) A preoperative image of the anterior communicating aneurysm. (B) A
postoperative image of the clipped anterior communicating aneurysm. (C) A
postoperative computed tomography scan showed intact morphology of the
brain tissue. (D-F) The follow-up computed tomography angiography six
months after the surgical procedure showed a good result for the aneurysm
clipping, with no changes in Moyamoya disease or arteriovenous malforma-
tion.
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evaluated prior to treatment. No obvious intracranial collateral
circulation was observed in the area surrounding the surgical
site following CTA or DSA, and the aneurysm-clipping surgical
procedure resulted in improved prognosis. The present case
of anterior communicating artery aneurysm showed a typical
berry characteristic, which is in line with hemodynamic stress.

In rare cases, MMD has also been associated with
AVM (12). Recent publications on the topic were reviewed and
summarized in 2014 by Noh et al (4), who reported two cases
and reviewed a further 17 cases of AVM-associated MMD.
However, to the best of our knowledge, no case of MMD simul-
taneously associated with aneurysms and AVM has previously
been reported. The pathogenesis of MMD associated with
AVM has yet to be elucidated; however, it has been hypoth-
esized that the occurrence of MMD may stimulate AVM. This
hypothesis is predominantly based on the fact that MMD and
AVM share numerous underlying pathogenic mechanisms,
including the expression of vascular endothelial growth factors
and inflammatory molecules. In addition, AVM is often located
in the abnormally developed moyamoya-like vessels or in the
compensatory collateral circulation (4,13). Another hypothesis
is that MMD and AVM are formed during congenital devel-
opment, meaning that similar molecular mechanisms during
embryonic development underlie the occurrence of MMD and
AVM, and AVM has predilection sites similar to those for
common intracranial AVMs (4). The retrospective analysis
of AVM-associated MMD cases carried out by Noh er al (4)
demonstrated that AVMs associated with MMD predomi-
nantly occur in the anterior circulation. The AVM associated
with MMD in the present case report was located in the poste-
rior circulation, with a blood supply provided predominantly
by the posterior cerebral artery, which does not differ from
common AVM (14). However, a unique characteristic of the
AVM reported in the present study was a branch of the left
middle cerebral artery extending backward to supply the AVM.
Due to the fact that the AVM was large and located in the
distribution area of the middle cerebral artery, it did not have
the morphology of the newly-generated blood vessels charac-
teristic of MMD. Therefore, the AVM-associated case of MMD
in the present report supports the congenital development as the
correct hypothesis.

For cases of MMD associated with both aneurysm and
AVM, providing an appropriate treatment depends on the
clinical manifestations of the patient. For an aneurysm associ-
ated with MMD, if the aneurysm has ruptured or is at high
risk for rupture, the aneurysm should be treated with high
priority to prevent rupture and hemorrhage (15). In addition to
the treatment of the aneurysm, the treatment of MMD must be
considered. For instance, if the MMD manifests as ischemia,
a revascularization treatment is required (16). For the case
reported in the present study, the anterior communicating
artery aneurysm ruptured and, in order to prevent re-rupture,
the aneurysm was clipped. The postoperative follow-up CTA
showed that re-rupture had not occurred. Since the patient with
MMD reported in the present study had no history of cerebral
ischemia, and the MRI of the patient showed no infarction, isch-
emia was not suspected. Furthermore, MRP showed the absence
of marked brain tissue ischemia, and therefore no treatment
was provided for MMD. No collateral circulation associated
with MMD was observed at the surgical site, as determined
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by DSA, and therefore a craniotomy was conducted. For AVM
associated with MMD, the treatment strategy is similar to
that recommended for a conventional case. The majority of
AVMs are only occasionally discovered, and treatment is not
required (17). Among the two cases reported by Noh et al (4)
and the 17 cases summarized in their study, only three cases
were treated: Two patients received resections, and one patient
underwent y-knife radiation therapy (16). In the case of an AVM
associated with MMD, treatment must be carefully undertaken.
As MMD is usually accompanied by a wide range of collateral
circulation issues, either craniotomy or interventional treatment
must avoid damage or interference to the collateral circulation,
in order to prevent the onset of symptoms (18). In this case
report, the AVM was located in the posterior circulation with
no hemorrhage, and the drainage was unobstructed; therefore,
no treatment was provided. Currently, if no obvious risk factor
for hemorrhage is observed in the case of unruptured AVM,
follow-up observation is recommended (19).

The MMD case presented in the present report was simulta-
neously associated with both intracranial aneurysm and AVM.
The aneurysm was located in the anterior communicating
artery, which is similar to a common berry aneurysm caused
by hemodynamic stress. The AVM was located in the posterior
circulation. In addition to the posterior cerebral artery, there
was one abnormal feeding artery supplying the AVM from
the middle cerebral artery, which indicated that the AVM was
congenital and unruptured. Therefore, conservative treatment
was performed.
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