
www.centauro.it Interventional Neuroradiology 9: 39-45, 2003

39

Introduction

Moyamoya disease (MD), known also as
spontaneous occlusion of the circle of Willis, is
a cerebrovascular occlusive disease with angio-
graphic characteristics of stenosis or occlusion
of the terminal portion of the internal carotid
artery (ICA) and development of collaterals at
the base of the brain, called “moyamoya ves-
sels” because of their resemblance to a puff of
cigarette smoke (moyamoya appearance in
Japanese). These changes occur bilaterally and
symmetrically 11,21.

Typical symptoms of MD are brain is-
chaemia in children and brain haemorrhage in
adults.

The aetiology of MD is still unknown since
the first recognition of this disease some 40
years ago in Japan, but both congenital (gene-
defined) and acquired (environmental) factors
are believed to play roles in the clinical mani-
festation of MD.

With available data in the literature on the
angiographic characteristics of MD, this paper
attested the hypothesis that the temporal pro-
file of steno-occlusive changes in MD follow
the sequences of the embryological evolution
of the primitive ICA occurring early in the em-
bryological stage.

Summary

The purpose of this literature review is to dis-
close the relationship between the temporal pro-
file of steno-occlusive changes in the cerebral ar-
teries in moyamoya disease and the embryologi-
cal evolution of the cerebral arteries. Steno-oc-
clusive changes and progression occur in the se-
quence of embryological evolution of the primi-
tive internal carotid artery in the early embry-
ological stage. In other words, steno-occlusive
changes in the cerebral arteries occur primarily
near the bifurcation of the cranial and caudal di-
visions of the primitive internal carotid artery,
evolve from the cranial division to the caudal
one, and progress from the bifurcation centrifu-
gally. Steno-occlusive changes do not occur es-
sentially in the distal cortical branches of the
primitive internal carotid artery, in any arteries
in the external carotid system, which are derived
from ventral pharyngeal system and primitive
stapedial system, or in any cerebral arteries in
the vertebrobasilar system, which are derived
from the longitudinal neural arteries. These facts
suggest that moyamoya disease is strongly relat-
ed to the vasculogenesis of the primitive internal
carotid artery and genetic factors play a major
role in the clinical manifestations of moyamoya
disease.
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Steno-occlusive Changes at the Terminal
Portion of the ICA (figure 1)

In MD, stenosis or occlusion of the cerebral
arteries is observed at the terminal portion of
the bilateral ICAs and their vicinities 2,11,20. These
portions are embryologically near the bifurca-
tion of the cranial and caudal divisions of the
primitive ICA 14. Bilateral and symmetrical in-
volvements of the ICAs suggest structural de-
fects of arterial walls, which are defined by con-
genital (gene-defined) rather than acquired (en-
vironmental) factors. The vertebrobasilar sys-
tem proximal to the mid-portion between the
anterior-superior cerebellar artery and anterior-
inferior cerebellar artery (at the junctional
point of the primitive trigeminal artery) is de-
rived embryologically from the paired longitu-
dinal neural arteries 14. This portion (proximal
vertebrobasilar system) is not involved in MD 19.

Angiographic Staging
of the Anterior Circulation 

Angiographic staging of MD is defined from
stage 1 to stage 6 as follows 17,21:

Stage 1: narrowing of the carotid bifurcation;
Stage 2: appearance of moyamoya vessels; di-

latation of anterior and middle cerebral arteries;
Stage 3: intensification of moyamoya vessels;

partial disappearance of anterior and middle
cerebral arteries;

Stage 4: minimization of moyamoya vessels;
advanced steno-occlusive changes of the ICA,

Stage 5: reduction of moyamoya vessels; ab-
sence of anterior and middle cerebral arteries;

Stage 6: disappearance of moyamoya vessels;
only the collateral circulation from external
carotid artery.

In this staging system, moyamoya vessels re-
fer to the perforating arteries from the ICA
system.

This angiographic staging system indicates
that steno-occlusive changes in the anterior cir-
culation start at the terminal portion of the
ICA. The proximal portions of anterior and
middle cerebral artery are progressively in-
volved 1. The proximal ICA near the origin of
the anterior choroidal artery, posterior commu-
nicating artery and ophthalmic artery are in-
volved with advancement of the disease. This
staging system suggests less involvement of the
posterior circulation than the anterior one.
Steno-occlusive changes in child onset MD

Figure 1 A 24-year-old man with moyamoya disease who
developed transient ischaemic attack. Right internal carotid
artery injection (A, frontal view) shows occlusion of internal
carotid artery at the terminal portion and well-developed
moyamoya vessels. Left internal carotid artery injection (B,
frontal view) shows the similar occlusive changes and moy-
amoya vessels to those on the right side.
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Figure 2 A 23-year-old man with moyamoya disease whose
initial ischaemic events occurred 13 years ago. Left common
carotid artery injection (A, lateral view) shows occlusion of
internal carotid artery below the origin of ophthalmic artery.
Good collateral though the surgical anastomosis is ob-
served. Right vertebral artery injection (B, frontal view)
shows the patent left posterior cerebral artery (arrows). Five
months after this angiogram, the patient developed right
homonymous hemianopsia due to occlusion of the P2 por-
tion of left posterior cerebral artery (C, frontal view, arrow).
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Cevolve until adolescence, and stabilize by the
age of 20 years 1. It is still unclear whether adult
onset MD passes through chronological
changes identical to those in child onset MD.

Steno-occlusive Changes
in the Posterior Circulation (figure 2)

Although steno-occlusive changes in the pos-
terior circulation are not included in the diag-
nostic criteria of MD, these changes extend to
the posterior circulation with an advancement
of MD 12,16,17,19,23. Steno-occlusive changes seem to
be confined to the proximal portion of the pos-
terior cerebral artery (PCA) usually P1 and P2
portions, and to the distal basilar artery. The
posterior communicating artery is also com-
monly involved in MD and may disappear with
an advancement of the disease. Satoh et Al 19

found steno-occlusive changes in the PCA in 18
cases among 34 paediatric moyamoya cases.
They thought that the initial steno-occlusive
changes start at the posterior communicating
artery and extend to the proximal PCA, but dis-
tal PCA changes can also occur simultaneously.

Staging of the posterior circulation of MD
has been proposed by Mugikura et Al as fol-
lows 17:

Stage 1: no occlusive changes in the PCA,
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Stage 2: stenosis of the PCA with or without
slightly developed PCA moyamoya,

Stage 3: severe stenosis or virtually complete
occlusion of the PCA with well-developed
PCA moyamoya,

Stage 4: occlusion of the PCA with decreased
PCA moyamoya.

In this staging system, PCA moyamoya
refers to moyamoya vessels from the PCA.

Embryologically, the posterior communicat-
ing artery and P1 portion of the PCA are the
caudal divisions of the primitive ICA 14. Later
involvement of this caudal division makes an
analogy of the later embryological event of dis-
tal annexation of cortical branches (P2-4 por-
tions) of the primitive anterior choroidal
artery.

Occlusion of the intracranial vertebral artery
is extremely rare in MD (3/82 cases16). Al-
though vertebral artery occlusion can be ex-
plained by progression of MD, the author be-

lieves that proximal basilar artery and verte-
bral artery are not involved in MD, and occlu-
sion of the vertebral artery is the ultimate con-
sequence of flow compromise in the verte-
brobasilar system, which is similar to proximal
ICA occlusion in the ultimate sequel of occlu-
sive changes in the ICA system.

No steno-occlusive Changes
in the Distal Cortical Arteries (figure 3)

Stenosis or occlusion typically occur at the
terminal portion of the ICA and not in the dis-
tal cortical branches. The accessory middle
cerebral artery originates from the horizontal
portion of the anterior cerebral artery, runs
parallel to the proximal anterior and middle
cerebral arteries laterally, and terminates in the
anterior frontal lobe 7. Embryologically, the ac-
cessory middle cerebral artery is a cortical
branch variation of the middle cerebral artery

Figure 3 A 30-year-old man with moyamoya disease who
developed transient ischaemic attack 15 years ago. Right in-
ternal carotid injection (A, frontal view) shows occlusion of
right middle cerebral artery and minimal development of
moyamoya vessels. Arrows indicate left accessory middle
cerebral artery without any stenotic changes. Left internal
carotid injection (B, frontal view) shows marked stenosis at
the terminal portion of internal carotid artery.
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(proximal annexation), which branches off
from the primitive anterior cerebral artery 7. In-
terestingly, this accessory middle cerebral
artery does not show steno-occlusive change in
MD even though it courses near the terminal
portion of the ICA. This fact suggests topologi-
cal preference of steno-occlusive changes exists
in MD10. It is therefore postulated that the dis-
tal cortical branch is less involved than the
proximal large cerebral arteries in MD.

Choroidal Arteries as a Collateral Circulation

Although the role of the anterior choroidal
artery has not been emphasized, its role as a
collateral in MD is obvious. It enlarges by
means of angioectasia and is a major compo-
nent of moyamoya vessels. Embryologically,
this artery is an old branch of the cranial divi-
sion of the primitive ICA 14. Later, cortical
branches to the temporal, parietal and occipital
lobes are transferred to the caudal division of
the primitive ICA forming the P2-4 portions of
the PCA (distal annexation). These distal por-
tions function in MD as a collateral from the
posterior circulation to the anterior one. In oth-
er words, the proximal portion of the primitive
anterior choroidal artery remains as moy-
amoya vessels and may disappear with an ad-
vancement of MD, and the distal portion serves
as a collateral from the posterior circulation to
the anterior one. The posterior choroidal
artery, which is derived form the caudal divi-
sion of the primitive ICA, also forms moy-
amoya vessels functioning as a collateral to the
anterior circulation in MD.

Lenticulostriate Arteries
as a Collateral Circulation

In the progression of MD, the lenticulostriate
arteries may become moyamoya vessels by
means of angioectasia together with the
choroidal arteries and thalamoperforating ar-
teries 22. Lenticulostriate arteries may become a
collateral pathway to the insular branches of
the middle cerebral artery and/or to the corti-
cal branches in the frontal and parietal lobes
through the medullary arteries 22. Embryologi-
cally, the lenticulostriate artery is derived from
the lateral striate artery (a branch of the primi-
tive anterior cerebral artery) of the cranial divi-
sion of the primitive ICA 14.

Thalamoperforating Arteries
as a Collateral Circulation

Moyamoya vessels consist of anterior and
posterior choroidal arteries, lenticulostriate,
thalamogeniculate, and thalamoperforating ar-
teries. The anterior thalamoperforating artery
originates from the posterior communicating
artery, and the posterior thalamoperforating
artery originates from the P1 portion of the
PCA. The thalamogeniculate arteries originate
from the P2 portion of the PCA. This means
that thalamogeniculate and thalamoperforating
arteries are embryologically derived from the
caudal division of the primitive ICA.

No Steno-occlusive Changes
in the External Carotid System

Increasing interest in the investigation of
MD has focused on the changes in the external
carotid system, especially in the superficial
temporal artery and middle meningeal artery
because surgical specimens of these vessels can
be obtained during bypass surgery. Its angio-
graphic changes 3,9, histopathological changes 15,
and histochemical changes 4,20 have been exten-
sively investigated expecting the changes oc-
curring at the intracranial ICAs and their
vicinities may also occur in the external carotid
system. It is common to observe spontaneous
transdural anastomoses in MD, that is, trans-
dural collateral to the distal cortical arteries.
Enlarged middle meningeal artery, superficial
temporal artery, internal maxillary artery, and
occipital artery may contribute to these dural
anastomoses 2,19. These anastomoses are due to
angiogenesis, which is a remote response to the
ischaemic triggers 13. Although the high inci-
dence of angiographic steno-occlusive changes
in the external carotid system was reported 3,
Komiyama et Al did not find such changes 9.
The author still believes that arteriopathy in
MD occurs solely in the ICA (primitive ICA
system) and not in the external carotid system
(ventral pharyngeal arterial system and stape-
dial arterial system).

The ophthalmic artery does not show steno-
sis or occlusion, but becomes hypertrophied
when it gives rise to transdural collaterals 2. The
ophthalmic artery occasionally originates from
the middle meningeal artery instead of the ICA
in MD 9. This means that the primitive oph-
thalmic arterial system is least involved in MD
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because this system is independent from the
primitive ICA and is occasionally connected to
the primitive stapedial system.

High Incidence of Embryological
Carotid-Basilar Anastomoses (figure 4)

Primitive carotid-basilar anastomoses, most
of which are the primitive trigeminal artery and
its variant, are frequently observed in MD 2,6,8.
Embryologically, these vessels serve as a short-
cut from the ICA to the posterior circulation
before development of the posterior communi-
cating artery. The high incidence of persistence
of carotid-basilar anastomoses in MD implies
less development of the caudal division of the
primitive ICA than these anastomoses, and

their important role in the posterior circula-
tion, which also sends collateral flow to the an-
terior circulation.

Metameric Disposition
of the Steno-occlusive Arteries

It is hypothetically explained that the rostral
mesoderm supplies the endothelium of the
prosencephalon, the middle mesoderm supplies
the endothelium of the diencephalon, and the
caudal mesoderm supplies the endothelium
and media of the mesencephalon and meten-
cephalon 13.

The media of the prosencephalon and dien-
cephalon are derived from the neural crest.
Histopathological changes in the diseased ar-

Figure 4 A 54-year-old woman with moyamoya disease who
initially developed ischaemia 10 years ago and subsequently
developed subarachnoid haemorrhage 5 years ago due to
ruptured basilar bifurcation aneurysm. Left common carotid
injection (A, frontal view; B, lateral view) shows the previ-
ously patent, but recently occluded left internal carotid
artery and persistent primitive hypoglossal artery (arrow)
with development of moyamoya vessels. Basilar bifurcation
aneurysm is surgically clipped.
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teries in MD are fibrous intimal thickening
with laminated elastic fibers, without athero-
sclerotic or inflammatory changes 5,18. The
metameric disposition of the intracranial vas-
culature suggests the endothelial cells of the
prosencephalon and diencephalons, namely the
brain supplied by the primitive ICA, are more
prone to intimal thickening than those of the
mesencephalon and metencephalon supplied
by the ventral longitudinal neural arteries. It is,
therefore, postulated that cerebral arteries in
MD have unrecognized pre-existing (gene-de-
fined) structural defects, which are clinically la-
tent during vasculogenesis, but later represent
phenotypic manifestations (fibrous intimal
thickening) due to unknown triggering factors.

Conclusions

Steno-occlusive changes and their progres-
sion in the cerebral arteries in MD occur pri-
marily near the bifurcation of the cranial and
caudal divisions of the primitive ICA. The
changes evolve from the cranial division to the
caudal one, and progress from the bifurcation
centrifugally; and steno-occlusive changes do
not occur in the distal cortical portions of the
primitive ICA, in any arteries of the external
carotid system, or in any arteries of the verte-
brobasilar system. Thus, it is strongly suggested
that MD is a disease of the “primitive ICA” and
genetic factors play a major role in its clinical
manifestations.
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