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BACKGROUND Moyamoya disease (MMD), or spontaneous occlusion of blood vessels
in the circle of Willis, is a noninflammatory, nonatheromatous vasculopathy that
often presents with ischemia or hemorrhage and has a tendency to affect young
women. We discuss a case of a woman 7 days postpartum with new onset strokes,
suspected initially to have benign angiopathy of the central nervous system
(BACNS)/postpartum angiopathy versus primary CNS vasculitis. Cerebral angiog-
raphy was suspicious for MMD and the patient underwent surgical revasculariza-
tion.

OBJECTIVES To review the epidemiology, presentation, diagnosis, differential diag-
nosis, treatment, prognosis, and postpartum maternal outcomes of MMD.
METHODS The authors reviewed the English-language literature published between
1996 and 2004 using Medline databases. Additional articles were obtained from
references described in literature obtained by the primary search.

RESULTS MMD is characterized by severe bilateral stenosis of the distal internal
carotid arteries and their first branches, with prominent collateralization. Autoan-
tibodies relating to endothelial cell dysfunction have been studied as possible
pathogenetic mechanisms. The gold standard for diagnosing MMD is digital
subtraction contrast angiography (DSA). MMD-related findings on imaging stud-
ies may, at times, be mistaken for those of vasculitis. A surgical approach may
need to be considered. Despite treatment, the overall prognosis of MMD is worse
in adults compared with children.

CONGLUSION Awareness of the specific features of MMD is crucial for clinical decision-
making to avoid unnecessary exposure to aggressive immunosuppressive therapy. It
is important for rheumatologists to consider MMD in the differential diagnosis of
suspected CNS vasculitis.
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Moyamoya disease

Neurologic manifestations of rheumatic disease are not
uncommon and represent a challenge to the clinician;
they can be seen in the setting of systemic vasculitides and
connective tissue diseases such as systemic lupus erythema-
tosus, Sjogren’s syndrome, or antiphospholipid antibody
syndrome (1). Less frequently, the central nervous system
(CNS) may be the only area of involvement, in which case
primary CNS vasculitis or benign angiitis of the CNS
(BACNS) may be suspected, depending on the clinical setting
(2). We describe a patient presenting with new onset stroke 7
days postpartum. A rheumatologic and neurologic work-up
were undertaken, and CNS vasculitis was a consideration.
Ultimately the patient was diagnosed with probable Moya-
moya disease (MMD) and treated with revascularization sur-
gery. Moyamoya disease, or spontaneous occlusion of the
circle of Willis, is a noninflammatory vasculopathy predom-
inantly affecting the intracranial vessels, first described in
Japan in 1957 (3-5). Patients with MMD typically present
with clinical findings related to acute cerebral ischemia or
intracranial hemorrhage. Clinical and radiographic differ-
ences among BACNS, primary CNS vasculitis, and MMD may
be subtle, but awareness of the specific features of MMD is
crucial for clinical decision-making to avoid unnecessary ex-
posure to aggressive immunosuppressive therapy, where a
surgical approach may need to be considered.

Case Report

A 34-year-old Korean-American woman with a past medical
history significant for major depression 10 years ago pre-
sented with tearfulness, social withdrawal, apathy, and mut-
ism 5 days postpartum. The symptoms began 3 days after a
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Figure 1 Axial diffusion-weighted image demonstrating acute left
frontal infarction.

251
Abbreviations

ACA anterior cerebral artery
BACNS benign angiopathy of the central

nervous system
bFGF basic fibroblast growth factor
C-section cesarean delivery
CNS central nervous system
CRABP-I cellular retinoic acid-binding protein-I
CSF cerebrospinal fluid
CTA computed tomography angiogram
DSA digital subtraction contrast angiography
EDAMS encephalomyoarteriosynangiosis
EDAS encephaloduroarteriosynangiosis
EMS encephalomyosynangiosis
EMAS encephalomyoarteriosynangiosis
GANS granulomatous angiitis of the CNS
IACNS isolated angiitis of the CNS
ICA internal carotid artery
MCA middle cerebral artery
MMD Moyamoya disease
MRA magnetic resonance angiography
MRI magnetic resonance imaging
PACNS primary angiitis of the CNS
STA-MCA superficial temporal artery to middle

cerebral artery
TIA transient ischemic attack
TNF-« tumor necrosis factor-alpha.

normal spontaneous vaginal delivery of a healthy full-term
female infant, notable only for an episode of hypertension to
160/80 mm Hg that responded to a single dose of labetolol 10
mg given intravenously.

The patient’s family history was significant for a mother
who had suffered a peripartum stroke, which was diagnosed
as an “autoimmune disorder” by doctors in Korea, and was
placed on chronic corticosteroids. No definitive diagnosis
was ever made and the mother died of multiorgan failure 22
years later. A maternal aunt also had a history of stroke at age
30 years, unrelated to pregnancy. The patient had no history
of miscarriages, previous thrombosis, renal disease, blood
dyscrasias, or joint problems. She denied use of sympatho-
mimetic agents, over-the-counter preparations, herbal med-
icines, or Eastern remedies. The patient was a resident of a
Los Angeles suburb and denied alcohol, tobacco, or drug use,
history of sexually transmitted disease, recent foreign travel,
sick contacts, or chemical exposure. The review of systems
was negative for fever, chills, shortness of breath, loss of
consciousness, seizure activity, headache, vertigo, dizziness,
vision changes, oral or genital ulcers, alopecia, facial or body
rash, photosensitivity, incontinence of bowel or bladder,
nausea/vomiting, or diarrhea.

The patient was initially diagnosed with postpartum
depression by her obstetrician and psychiatrist. Physical
examination showed expressive aphasia and a flat affect,
but no motor deficits. Magnetic resonance imaging (MRI)
of the pituitary done on the day after admission did not
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Figure 2 MRI FLAIR sequence axial study demonstrates bilateral
frontal infarctions, left side older than right.

show evidence of hemorrhage or infarction. However, a
brain MRI done 3 days after admission showed multiple
infarcts in the frontal lobes bilaterally, the largest in the
left frontal lobe measuring 6 cm, with an acute appearance
(Fig. 1). A small deep basal ganglia infarct was noted as
well. A concern was raised for embolic strokes, but a
work-up (including transthoracic and transesophageal
echocardiograms with bubble study, carotid Doppler, and
lower extremity Doppler ultrasounds) showed no distinct
source. A hypercoagulability work-up was also negative. A
computed tomography angiogram (CTA) showed diffuse
segments with wall irregularities in the middle cerebral
artery (MCA) territory bilaterally and attenuation of vessel
caliber, possibly consistent with vasculitis. A re-review of
the MRI pituitary coronal sections showed what appeared
to be a beaded appearance with enhancement of the mid-
dle cerebral arteries, which raised the possibility of a vas-
culitic or angiopathic etiology.

Based on the CTA findings, the strokes were suspected to
be due to benign angiopathy of the postpartum state, or, less
likely, CNS vasculitis. The rheumatologic consultant recom-
mended further work-up, including lumbar puncture and
cerebral angiogram, and possibly a leptomeningeal biopsy.
The patient and her family refused these tests and no defini-
tive etiology for the strokes was established during the hos-
pitalization. She was empirically treated with prednisone 1
mg/kg and a calcium channel blocker. The patient’s speech
improved over the course of 2 months with intensive speech

therapy. The follow-up CTA between hospitalizations
showed no change.

Three months later, the patient and her family noted
increased slurring of speech. She developed left facial
droop and left arm weakness and was admitted to the
hospital. At that time the patient was on prednisone 30 mg
per day, sertraline 50 mg per day, and sustained-release
diltiazem 180 mg per day. Physical examination was no-
table for blood pressure of 188/110 mm Hg. The patient
was alert, oriented, in no acute distress, with a flat affect,
very little verbal output, and no spontaneous outbursts.
She had mild-to-moderate word-finding difficulty, but
had functional communication. Flattening of the left na-
solabial fold and mild dysarthria were present. Strength
was intact except for 4/5 strength in the left upper extrem-
ity. Ataxic movements and a slight pronator drift were
noted in the left upper extremity.

Chemistry panel, complete blood count, hepatic enzymes,
thyroid function tests, lupus anticoagulant, antinuclear anti-
body, anticardiolipin antibodies, factor V Leiden mutation,
C-reactive protein, protein C and S assays, beta-2 glycopro-
tein, lipoprotein (a), antithrombin III, d-dimer, fibrinogen
level, factor VIII assay, prothrombin mutation, antineutro-
phil cytoplasmic antibody, and peripheral smear were all
negative or within normal limits.

Brain MRI scan showed a diffusion-weighted image
(DWI) -positive lesion in the right deep watershed area
consistent with a recent cerebral infarction. Evidence of
old infarctions in both hemispheres was also present (Fig.
2). Magnetic resonance angiography (MRA) showed bilat-
eral severe stenosis in the anterior and middle cerebral

Figure 3 Axial collapsed image of a MRA demonstrates bilateral se-
vere stenosis and occlusion in the anterior and middle cerebral
arteries.
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Figure 4 Coronal thick-section reconstruction of a CT angiogram
demonstrates severe irregular stenoses and occlusions in the ante-
rior and middle cerebral artery circulation as well as tight stenosis of
the supraclinoid segment of the left internal carotid artery (see ar-
TOW).

arteries (Fig. 3). A CTA demonstrated tight stenosis of the
left supraclinoid carotid artery as well as bilateral MCA
stenoses (Fig. 4). Throughout the 2nd day after admission,
the patient’s neurologic status worsened, with increased
dysarthria and progressive pronator drift of the left upper
and lower extremities, along with worsening left-sided
weakness.

A cerebral angiogram showed narrowing of the left in-
ternal carotid artery (ICA) at the cervical and supraclinoid
segments (Fig. 5). There was virtual occlusion of the left
ICA, but filling of the left anterior choroidal and posterior
communicating arteries. Enlargement of the left superfi-
cial temporal artery with demonstration of collaterals to
falcine vessels at the distal aspect also was noted. There
was no evidence of aneurysmal formation or arteriovenous
malformation. On the right, there was marked attenuation
of the proximal right MCA with lack of opacification of
hemispheric vessels. The supraclinoid was mild-to-mod-
erately narrowed and there was narrowing of the origin of
the right Al segment. The vertebral-basilar circulation
demonstrated pial collaterals that supply the MCA territo-
ries bilaterally to the level of the Sylvian fissures and bi-
furcations. Review of these findings with the neuroradi-
ologist raised the suspicion of Moyamoya disease.
Postpartum angiopathy was less likely as reversible vaso-
constriction did not appear to be the underlying mecha-
nism based on imaging findings and the patient’s clinical
course.

On hospital day 4, the patient went to the operating

room and had a right temporal craniotomy with superficial
temporal artery anastomosis to an unaffected branch of the
MCA. A portion of the frontal branch of the superficial
artery and a small biopsy of the dura were sent for pathol-
ogy review. Biopsy results of the arterial specimen showed
minimal intimal hyperplasia. No granulomas, vasculitis,
amyloid, fibromuscular dysplasia, or diagnostic thrombus
or embolus were identified. The right frontal dura was
without vascular abnormalities or inflammation.

The patient has been followed for 12 months and sub-
sequently has undergone extensive outpatient speech, oc-
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Figure 5 (a) Contrast angiogram of the left ICA shows supraclinoid
occlusion (see arrow) with no antegrade filling of the MCA or ACA.
(b) Contrast angiogram demonstrating severe right supraclinoid
ICA stenosis (see arrow) with no filling of the MCA.
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cupational, and physical therapy. She has residual cogni-
tive, speech, and motor deficits and has not been able to
return to her previous work as a neonatal intensive care
unit nurse.

Methods

The literature was reviewed using Medline for articles pub-
lished between 1996 and 2004 with the terms “Moyamoya
disease” and “Moyamoya syndrome.” The search was limited
to English-language studies and humans, with emphases on
epidemiology, presentation, diagnosis, differential diagnosis,
treatment, prognosis, and postpartum maternal outcomes.
Additional articles were obtained from references and mate-
rials described in articles obtained in the primary search.
Those articles identified from the search were reviewed by
the authors and abstracted.

Results

Definition and Terminology

Loosely translated, the word “moyamoya” means “hazy” like
a “puff of smoke” in Japanese and was so named because of
the appearance of collateral vessels at the base of the brain
(3). Although initially thought to be confined to the Japanese,
in recent years it has been found among patients of all races
and ethnicities (6). However, age distributions and clinical
manifestations of this disease differ between Japanese and
non-Japanese populations (6-8).

Presentation

The presentation of patients with MMD may include seizures,
ischemic events, and hemorrhagic strokes. There is a bimodal
distribution of disease presentation, with the highest peak in
the first decade of life and a second smaller peak in the fourth
decade (8). Clinical presentations tend to vary based on age at
onset. In children, the predominant presentation is related to
ischemic events from hypoperfusion, such as strokes or fre-
quent transient ischemic attacks (TIAs), or, less frequently,
seizure activity (4,5). The ischemic symptoms in children
may also manifest as monoparesis or hemiparesis, sensory
impairment, visual field defects, speech disturbance, or in-
voluntary movements (9). These may be provoked by hyper-
ventilation (such as with crying, coughing, straining, blowing
out candles, or playing a wind instrument), which can de-
crease cerebral blood flow through an autoregulatory system
triggered by the acute decrease in Paco, (5,10). Frequently,
mental retardation may be present in these children, which
may be a secondary consequence of the cerebral infarcts and
atrophy from underlying disease and not a primary part of
the pathogenesis of MMD (11).

In adults, especially in Japanese and Korean patients, pre-
sentation usually involves sudden onset of headache or hemi-
paresis, with or without altered mental status. These are typ-
ically the clinical manifestations of underlying intracranial
hemorrhage from rupture of the abnormal, thin-walled col-
lateral system (“moyamoya vessels”) or aneurysms (4,12).

However, epidemiologic studies from the US and other coun-
tries outside of Japan show a much higher frequency of isch-
emia-related presentations without hemorrhage (6,13). Sei-
zures also may be a presenting feature in adults.

Epidemiology

In Japan, where the prevalence is highest, a survey by the
Japanese Ministry of Health and Welfare in 1995 identified
3900 patients with MMD treated in 1994, with a calculated
prevalence rate of 3.16 per 100,000 and a calculated crude
annual incidence rate of 0.35 per 100,000 (8). Although
cases have been reported in all age groups, the age distribu-
tion in Japanese patients showed a bimodal peak, with the
first peak at 10 to 14 years and a second smaller peak between
25 and 49 years (8,11). The ratio of female-to-male patients
was 1.8:1 and a family history of MMD was seen in 10% of
patients (8).

In the US, over 300 cases of MMD have been reported in
the literature with the largest cohort (N = 32) from the Uni-
versity of Texas—Houston, where clinical expression of the
disease was different from that classically described by the
Japanese (6,13). In this group, the distribution was not bi-
modal and the mean age at diagnosis was 32 years. Ischemic
events (TIA or stroke) were the most common presenting
feature in both adults and children (6). Reports from Korea
show that the adult population with MMD is 20% greater
than in Japan with a female-to-male ratio of 1.3:1 (7,14).
Korean patients have a higher incidence of hemorrhage and
infarction and fewer TIAs or seizures than observed in Japa-
nese subjects (7).

Etiology and Pathogenesis

The etiology of MMD remains unknown and a variety of
genetic, environmental, bacterial, and viral causes have been
postulated. Reported associations include previous head
and/or neck infections and inflammation, such as tonsillitis,
otitis media, or sinusitis (15). The mode of inheritance is
thought to be polygenic (16). Studies of families with MMD
have shown possible linkage with chromosome 3p24.2-26,
6q25, and 17q25, and more recently 8q23 (17-20). A Japa-
nese study of 5 families revealed higher incidence of MMD in
siblings over offspring of patients, and only female cases were
observed among monozygotic twins (16).

Cerebrospinal fluid (CSF) studies from Hojo and cowork-
ers of 3 patients with MMD revealed a novel CSF protein
(21). Amore recent study of 20 MMD patients found elevated
levels of a CSF protein with similar characteristics to that
detected by Hojo and coworkers. This was identified as cel-
lular retinoic acid-binding protein-I (CRABP-I), which may
be associated with intimal thickening and increased basic
fibroblast growth factor (b-FGF) (22). The effects of CRABP-I
are believed to be related to the decreased inhibitory effect of
retinoic acid on growth factor-stimulated smooth muscle cell
proliferation and migration, which may lead to intimal thick-
ening (22).

Serum studies of 32 patients with definite MMD dem-
onstrated a high frequency of autoantibodies to alpha-
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fodrin subunits, a product of endothelial cell apoptosis-
associated cleavage/breakdown (23). Autoantibodies
against alpha-fodrin have also been described in Sjogren’s
syndrome cases with neurologic manifestations (24-26).
One reported case described a patient with moyamoya-
like findings who had underlying Sjogren’s disease (27).
The association of antibodies to alpha-fodrin with MMD
may be mediated by the effect of TNF-a and other proin-
flammatory cytokines on endothelial cell activation, con-
tributing to the pathogenesis of vessel occlusion in MMD
(23).

Differential Diagnosis

The differential diagnosis of young patients presenting with
multifocal ischemic infarctions without concomitant rheu-
matic disease includes hypercoagulable states, emboli, pri-
mary CNS vasculitis, and benign angiopathy of the CNS (28).
It is also important to rule out infectious or lymphoprolifera-
tive disorders as well as side effects of medications, especially
sympathomimetic agents (28). Hypercoagulable states that
may cause cerebral ischemic events include polycythemia
vera, thrombotic thrombocytopenic purpura, idiopathic
thrombocytosis, hyperproteinemias, sickle cell anemia, in-
herited and acquired clotting abnormalities, and circulating
antiphospholipid antibodies (29). Cardiogenic cerebral em-
boli can arise from dysrhythmias, valvular disease, intracar-
diac thrombi or tumors, akinetic myocardium, endocarditis,
or congenital heart defects, such as a patent foramen ovale,
demonstrated by echocardiography and/or electrocardiogra-
phy 29).

Primary CNS vasculitis is a rare, often fatal, disorder first
described in the 1950s. Several terms have been used in the
literature to describe vasculitis of the CNS including granu-
lomatous angiitis of the CNS (GANS), isolated angiitis of the
CNS (IACNS), and primary angiitis of the CNS (PACNS). The
gold standard for diagnosis relies on histopathology, reveal-
ing leptomeningeal and cortical vascular involvement with
granulomatous angiitis with or without necrotizing vasculitis
and unaffected nearby arteries and veins. Diagnosis also may
be based on classic angiographic findings of alternating ste-
nosis and ectasia in multiple vascular distributions, without
significant microaneurysms (28). CSF findings have been ab-
normal in 80 to 90% with an aseptic meningitis picture con-
sisting of modest pleocytosis, elevated protein, and occasion-
ally elevated 1gG synthesis rates and oligoclonal bands (28).
Patients with primary CNS vasculitis tend to be middle aged
(mean age 46 years), be predominantly male (69%), have a
less acute presentation (mean time from symptom onset to
diagnosis of about 5 months), and may show diffuse neuro-
logic dysfunction manifested as decreased mentation or al-
tered level of consciousness (28). These patients generally
require aggressive immunosuppressive therapy with high-
dose glucocorticoids and cytotoxic drugs.

In contrast, benign angiopathy of the CNS has a more
benign clinical course despite high probability angiographic
findings for primary CNS vasculitis (30). These patients were
more likely to be female (female-to-male ratio 4.3:1), have an

acute onset of symptoms with a mean time from symptom
onset to diagnosis of 25 days, and normal or mildly abnormal
CSF (31). The underlying mechanism in these cases has been
postulated to be reversible vasospasm or vasoconstriction;
these findings have been seen in patients who are postpar-
tum, have received sympathomimetic agents, or have hyper-
tension (31). While angiographically indistinguishable from
primary CNS vasculitis, the benign angiopathy cases have
better outcomes without angiographic or clinical progres-
sion, and in some cases, angiographic resolution on fol-
low-up studies after treatment with corticosteroid and/or cal-
cium channel blocker therapy (31).

Diagnosis

Members of the Research Committee of Spontaneous Occlu-
sion of the Circle of Willis of the Japanese Ministry of Health
and Welfare have established guidelines for the diagnosis and
treatment of MMD (12). The diagnostic criteria rely on the
presence of the following: (1) stenosis or occlusion of the
distal ICA (carotid fork) and/or the proximal MCA; (2) ab-
normal vascular network in the basal ganglia, base of the
brain, or in the vicinity of stenotic lesions; and (3) bilateral
involvement of findings. Detection by cerebral angiography
has classically been described as the gold standard. However,
comparative study of MRI with MRA to conventional angiog-
raphy found MRI with MRA to be an acceptable alternative,
showing occlusive lesions and basal moyamoya vessels, with
the caveat of lower spatial resolution (32,33). For a definitive
diagnosis, these findings should be seen in the absence of
neurofibromatosis (von Recklinghausens’ disease), Down
syndrome, sickle cell anemia, brain neoplasm, head trauma,
brain irradiation, meningitis, autoimmune disease, and arte-
riosclerosis, as similar vascular imaging abnormalities may
occasionally be found in association with these disease pro-
cesses (12). When the similar changes on neuroradiologic
imaging are associated with any of the previously mentioned
conditions, the process should be called moyamoya syn-
drome, instead of disease (5). Probable MMD is the term
applied to adult patients with unilateral disease, although
children with unilateral disease may progress to bilateral le-
sions (11).

The abnormal vascular network is composed of thin-
walled collateral vessels seen at the base of the brain (Fig. 6),
involving thalamoperforate, anterior and posterior choroidal,
and lenticulostriate arteries and external to internal carotid
anastomoses (3). These are thought to be a response to
chronic ischemia from narrowing or occlusion of the internal
carotid and anterior and middle cerebral arteries (3,4,34).
Intracranial aneurysms also may be seen in the circle of Wil-
lis, in the collateral network, or in the posterior or anterior
choroidal, posterior cerebral, or Heubner’s artery (5). Digital
subtraction contrast angiography (DSA), with its high level of
special resolution, reveals maximal visualization of the blood
vessels and provides useful information if surgical interven-
tion is planned. However, in light of the inherent risks asso-
ciated with angiography, and with advances in noninvasive
imaging techniques, a good-quality MRA is an effective way
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Figure 8 A cerebral angiogram from a different patient demonstrates
little to no filling of the anterior and middle cerebral arteries. The
prominent perforating vessels and collaterals from the posterior
cerebral artery (see black arrow) represent the hazy “Moyamoya”
vessels. An aneurysm (see white arrow) is also present on a distal
perforating vessel.

to detect occlusions or stenoses and the presence of collater-
als (5,12,33). MRI and MRA also have been useful in assess-
ing postoperative changes in patients who undergo surgical
treatment for MMD (35,36).

Histopathology

Autopsy studies of brain tissue from MMD patients often
reveal evidence of prior ischemic infarction. Hemorrhage,
when it occurs, is seen in the basal ganglia and periventricu-
lar or intraventricular region (37). The collateral blood ves-
sels form an irregular network of pial anastomoses that pen-
etrate the brain. Autopsy specimens from involved vessels
show concentric fibrocellular intimal thickening and a wavy,
multilayered elastic lamina and medial thinning (38,39).
These changes occur without evidence of significant athero-
sclerosis, inflammation, or emboli (38). Although vascular
involvement was generally considered to be intracranial,
more recent studies in children and adults reveal similar, but
less advanced changes in extracranial vessels. A study of 17
children with MMD showed intimal thickening in small
branches of superficial temporal arteries in 9 patients (40).
The changes were similar to those in intracranial vessels, but
of a lower grade. A similar case series of superficial temporal
artery specimens from 13 adult patients also displayed inti-
mal thickening without fibrinoid necrosis or lipid deposition
(41). These changes may be the result of higher levels of
bFGF seen in the tissues (endothelium and smooth muscle)
and CSF of MMD patients compared with patients with ath-
erosclerotic cerebrovascular disease. Basic FGF is believed to

induce both angiogenesis and endothelial cell proliferation,
resulting in stenosis and collateral formation, respectively
(42,43).

Treatment

Currently, no known curative or remittive treatment exists.
The initial treatment is usually supportive, based on symp-
toms and findings at presentation, and is aimed at maintain-
ing cerebrovascular function. In patients presenting with
ischemic symptoms, antithrombotic agents are usually em-
ployed. Antiplatelet agents are generally preferred to antico-
agulants because of the known risk of intracranial hemor-
rhage in patients with MMD. Small series have been reported
using calcium channel blockers to reverse ischemic symp-
toms. Anticonvulsants have a role in patients presenting with
seizures. Corticosteroids have been used but are of question-
able value.

Hemorrhagic cases may require ventricular drainage and
hematoma removal, depending on size and location (12). In
ischemic cases, treatment is aimed at increasing blood flow to
areas of hypoperfusion by creating a collateral circulation
(44). Surgical procedures also have been used in an attempt
to slow the development of abnormal vessel formation and to
decrease the risk of CNS bleeding caused by hemodynamic
stress on moyamoya vessels, with mixed results (4,11,45,46).
Treatment may involve early surgical revascularization with
direct or indirect procedures, or a combination of both. Di-
rect procedures are used more frequently in adults and indi-
rect procedures in children (11,13). No randomized, con-
trolled trials for ischemic infarction recurrence have been
published that compare different revascularization proce-
dures with each other, or to medical therapy.

Much debate exists as to which surgical procedure, if any,
should be done (47). Direct procedures such as superficial
temporal artery to middle cerebral artery (STA-MCA) anas-
tomosis or extracranial to intracranial bypass to the anterior
cerebral artery or the posterior cerebral artery have been per-
formed in many patients (48). First used in the mid-1970s,
STA-MCA anastomosis is more difficult to perform in chil-
dren because of the small size of these vessels (49). Indirect
surgical procedures include encephaloduroarteriosynangio-
sis (EDAS), and less frequently, encephalomyosynangiosis
(EMS), encephalomyoarteriosynangiosis (EMAS), and en-
cephaloduroarteriomyosynangiosis (EDAMS), as well as
omental or muscle (gracilus/latissimus dorsi) transplantation
to the anterior or posterior cerebral artery (50). EDAS in-
volves direct application of a segment of the STA and an
adjacent strip of galea to the pial surface, while with EMS a
temporal muscle flap is applied directly to the pial surface
(4,44). Both of these procedures improve MCA territory per-
fusion. However, they do not significantly augment perfusion
when the anterior or posterior cerebral arteries are involved,
in which case omental or muscle transplantation may be
necessary (4,50).

With EMS and EDAS, a successful postoperative outcome
depends on collateral formation. This requires neovascular-
ization from the extracranial soft tissue to the ischemic brain
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over the 3- to 6-month postoperative period. A comparison
of collateral development after indirect revascularization in
children and adults found that the group of patients over the
age of 30 years had poor collateral development (51). The
investigators speculated that there might be an age-associated
decline in production of certain angiogenic factors (51). A
recent study noted that elevation of bFGF in MMD seems to
be specific and clinically may be a useful indicator to predict
the efficacy of indirect revascularization after surgery (43). In
a small study, patients with poor end results of indirect re-
vascularization procedures had significantly lower levels of
bFGF in the CSF; this led the authors to speculate that good
neovascularization could be predicted in patients with dis-
turbed cerebral vascular reserve and high-level bFGF (43).

Prognosis

Despite medical and/or surgical treatment, the prognosis is
generally considered worse in adults than in children, with a
higher mortality attributed to more frequent hemorrhagic
presentations (4). In younger patients, vessel occlusion tends
to be progressive, leading to repetitive ischemic attacks and
often worsening neurologic function in surgically untreated
patients (52). The long-term follow-up comparing medical to
surgical management of Japanese patients presenting with
ischemia has shown a trend toward less future ischemic at-
tacks after direct revascularization (11). There was also a
trend toward less cognitive decline and improved quality of
life after surgical intervention in pediatric patients with re-
curring symptoms (53). In the US, a 5-year follow-up of 35
patients demonstrated no statistically significant difference
overall in ischemic infarction incidence between medical or
surgical management despite different presentations (6).
However, there was a difference in timing of ischemic infarc-
tion risk, with surgical patients having a higher ischemic
infarction incidence in the first year postoperatively but a
subsequent steady decline in risk thereafter (6). Another US
study of 20 patients also found no statistically significant
difference in recurrence of ischemic events or functional out-
come between medical and surgical treatment (13). The di-
vergent results may reflect differences in disease severity due
to patient selection processes.

The effectiveness of revascularization procedures for de-
creasing future re-bleeding remains controversial. A fol-
low-up study of 36 medically treated patients who presented
with hemorrhagic disease showed re-bleeding to be an im-
portant factor in poor neurologic outcome and increased risk
of death (54). This study also found that patients presenting
at an older age (between 46 to 55 years old) had a higher
likelihood of having a re-bleeding episode, and among those
who re-bled, an increased frequency of further re-bleeding
episodes (54). One small study of hemorrhagic presentation
reported decreased re-bleeding and decreased hemodynamic
stress on collaterals after combination STA-MCA anastomosis
with EDAMS (46). In a retrospective review of 42 Japanese
patients who presented with hemorrhage, one-third had at
least another episode of bleeding (55). Often, the re-bleeding
occurred in a different hemisphere than the first, from other

weak points in the diffuse collateral network. This was also
true in the 4 patients who had undergone indirect revascu-
larization. As revascularization procedures generally target a
specific vascular distribution, they may not necessarily de-
crease risk of re-bleed from other areas of the brain (55). A
prospective, randomized trial is reportedly underway in Ja-
pan for patients who have intracranial bleeding to study the
incidence and prognosis of recurrent bleeding attacks after
direct bypass treatment with risk factor modification in MMD
compared with medical management alone (56).

MMD and Pregnancy—Maternal Outcomes

Pregnant women with MMD either have known histories of
MMD before pregnancy, are diagnosed during pregnancy, or
are diagnosed postpartum (57). Komiyama reviewed the ob-
stetric complications in 30 cases of pregnant patients with a
history of previously diagnosed MMD, of which 17 had prior
ischemic disease. Twenty-five of 30 patients delivered via
Cesarean delivery (C-section). Only 1 patient with a history
of nonsurgically managed, ischemic MMD developed hem-
orrhagic complications at 30 weeks, leading to a healthy in-
fant, but akinetic mutism in the mother (57). Twenty-three
patients diagnosed with MMD during pregnancy, delivery, or
postpartum were studied and most (16 of 23) presented with
intracranial hemorrhage. Two patients underwent therapeu-
tic abortion; 14 patients delivered by C-section, and 4 pa-
tients had vaginal delivery. There were 2 newborn deaths, 3
maternal deaths, and 6 mothers had poor neurologic recov-
eries; 2 developed akinetic mutism. Overall C-section is the
preferred method of delivery, as hypertension and hyperven-
tilation could be avoided. Vaginal delivery is not contraindi-
cated as long as it is not prolonged. C-section is generally
recommended over vaginal delivery in cases of maternal in-
stability (such as intracranial hemorrhage), fetal distress, or
maternal hypertension that is difficult to control (58). When
C-section is performed, every effort should be made to keep
the patient normothermic, normotensive, and normocapneic
during anesthesia (59). Patients with known MMD who are
of childbearing age should be educated on the increased mor-
bidity and mortality of pregnancy and require close fol-
low-up throughout gestation (58).

Discussion

The case presented herein represents the typical diagnostic
and therapeutic dilemmas encountered in subjects where
MMD is part of the differential diagnosis. The postpartum
presentation of this patient complicated the picture. The
findings in this patient were felt to be suspicious for MMD,
but not diagnostic, due to the absence of the classic changes
of extensive fine collaterals with the appearance of a “puff of
smoke.” Figure 6 shows a classic example of the abnormal
collateral network of “moyamoya” vessels in a different case.
This condition should be suspected in young women who
present with multifocal ischemic infarctions or intracranial
hemorrhage. It is more frequently seen in women of Japanese
and Korean descent, but has been reported in all races and
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ethnicities, as well as in men. The exact etiology remains
unclear, but a variety of causes have been postulated. The role
of autoantibodies and growth factors related to endothelial
cell dysfunction may prove to be a promising area of future
investigations. The CNS events are usually of acute onset and
occur without background systemic disease. The differential
diagnosis includes primary CNS vasculitis, benign angiopa-
thy of the CNS, hypercoagulable states, lymphoproliferative
disorders, infection, and rheumatologic diseases presenting
with CNS abnormalities. In our patient, benign angiopathy of
the postpartum state secondary to vasospasm was initially
suspected. The characteristic changes on cerebral angiogra-
phy and biopsy led to a diagnosis of MMD. The identification
of the underlying disease process is important as corticoste-
roids and cytotoxic therapy are of limited value in this entity
and pose a significant risk for toxicities.

Surgical revascularization appears to be the procedure of
choice for MMD with an ischemic presentation. Some con-
troversies exist regarding which direct or indirect procedure
gives the best collateralization and postoperative clinical im-
provement. Overall, despite medical and/or surgical treat-
ment, the prognosis of MMD is worse in adults than children,
especially in patients presenting with hemorrhagic disease.
Further study assessing direct bypass treatment in patients
with hemorrhagic presentations is underway in Japan. Preg-
nant women with MMD are at risk for CNS complications
during delivery, especially intracranial hemorrhage. C-sec-
tion under carefully controlled conditions during anesthesia
is generally the recommended method of delivery.

MMD is a relatively rare occlusive disease of the CNS vas-
culature. It predominantly affects younger patients compared
with atherosclerotic CNS disease. Ischemic events and/or
hemorrhagic events may complicate the disease course with
associated morbidity and mortality. Imaging studies typically
show changes similar to vasculitis. Features suggestive of
MMD include bilateral involvement of the distal internal ca-
rotid artery and/or the middle cerebral arteries, and the pres-
ence of an abnormal vascular collateral network at the base of
the brain or in the vicinity of the stenotic lesions. It is there-
fore important for rheumatologists to consider MMD as part
of the differential diagnosis of suspected CNS vasculitis.
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