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Moyamoya disease in children

A review of the clinical and radiological features

and current treatment

Abstract Two cases of moyamoya
disease observed in two children are
reported. The two cases recall the
frequency of ischemic strokes, tran-
sient ischemic attacks, and seizures
revealing the disease. Diagnosisis
made by cerebral arteriography
showing carotid stenosis and the
dense deep arterial collateral as seen
in these two cases. Magnetic reso-
nance imaging makes it possible to
identify this vascular disease asit re-
veals vascular varicosities in the ba-
sal ganglia, asin case 1. Strokes can

sometimes be prevented by con-
structing an anastomosis between the
superficial temporal artery and the
middle cerebral artery, as demon-
strated in case 1. Thus, the diagnosis
of moyamoya disease has been im-
proved by magnetic resonance imag-
ing and there is now a surgical treat-
ment to prevent ischemic stroke.
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Introduction

Moyamoya means ‘‘ spirals of smoke”’ in Japanese. This
term was used to name a cerebrovascular disease charac-
terized by aparticular angiographical appearance of the ce-
rebral collateral network that it causes. Thiscondition con-
sists in progressive stenosis of both terminal internal ca-
rotid arteries in their supraclinoid part, with the develop-
ment of a network of cerebral collaterals, which are what
define the condition as a specific pathologic entity. Start-
ing with two neuropediatric cases, we give a theoretical
summary of this disease, describe information contributed
by recent radiological techniques, and suggest some path-
ophysiological hypotheses.

Case reports
Case 1l
Thisgirl isan adopted child of Korean origin, whose natural parents

arefirst cousins. Her first years of life passed without incident, with
normal food, motor and sphincter development, but aslight language

delay was noted, in contrast with apparently good comprehension.
When shewas 3 yearsold her adoptive parentswere surprised to note
that she was starting to have repeated brief episodes of confusion,
mainly on waking.

When she was 4 years old, she was admitted to hospital follow-
ing several generalized tonic-clonic epileptic fits, followed by apar-
tial clonic motor fit affecting the left arm, which was complicated
by ahomolateral hemiparesis that recovered in 45 min. Waking and
sleeping el ectro-encephal ograms (EEG) and CT scan with and with-
out injection of contrast medium did not show any specific features.
However, T2-weighted magnetic resonance imaging (MRI) gave a
picture with a right frontal hyposignal and two nodules with a hy-
persignal in the white matter of the right lobe. It was decided just to
monitor these abnormalities, since there were no signs of a space-
occupying lesion. At 5 years old, the child started having sudden
weakness in the legs and to complain of migraine-like headaches. In
view of severe episodes of hyperactivity, normothymic anticonvul-
sant treatment with carbamazepine (CBZ) was begun. At that time,
she developed a state of neglect of the right side, which forced her
to becomeleft-handed. She continued to have atonic fitswhich made
her fall down, whose posticteric phase seemed to get longer and long-
er. The EEG showed a slowing of the background rhythm associat-
ed with large slow bifrontal waves, predominantly on the left, which
suggested that the lesion was progressing.

When she was 6 years old, she was readmitted to hospital for in-
vestigation, because she woke up with right faciobrachial hemiple-
gia, which disappeared totally in 1 month. A second cerebral MRI
scan showed diffuse heterogeneoushypersignal, associated with pos-
terior cortical and subcortical ischemic plagues with thinning of the
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Fig. 1 Case1: T1-weighted
MRI with horizontal view:
posterior cortical and subcorti-
cal hypersignal, associated with
deep arterial varicosities within
basal ganglia

Fig. 2 Case 1: T1-weighted
MRI with frontal view showing
the deep arterial varicosities
ehanced by gadolinium
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Fig. 3 Case 1: arteriography showing the terminal carotid artery
stenosis with deep arteria collaterals characteristic of moyamoya
disease

cortical layer in the same area, and in particular tortuous images
which were similar to arterial varicosities of the central gray nuclei
(Figs. 1, 2). Thistypical radiological appearance, together with the
clinical picture, allowed the diagnosis of moyamoya disease to be
made, which was confirmed by a cervico-cerebral angiogram
(Fig. 3). Theinternal carotid arteries had a classic appearance as far
as the supraclinoid part, where they ended as a narrow stenosis, be-
fore giving off narrow anterior and middle cerebral arteries; there
was also markedly abnormal development of the basal ganglia per-
forating arteries. A left temporo-sylvian artery anastomosiswas per-
formed on the left by angio-myo-duro-synangiogenesis, followed

Fig. 4 Case 2: arteriography showing the terminal carotid artery
stenosis with deep arteria collaterals characteristic of moyamoya
disease

6 months later by the same procedure on the right. Since then, the
patient, now 7 years old, has had no more migraine or epileptic fits;
she showsgood psychomotor development and hasonly slight under-
usage of her right hand, which remai ns apraxo-astereognosic. A con-
trol angiogram showed perfect collateral formation by the external
carotid network of the autograft, although the internal carotid abnor-
mality continued to progressinsidiously to alate stage, without caus-
ing the child any harm.

Case 2

The birth of this child of western Caucasian origin was uncompli-
catd and his parents do not have a history of any particular heredi-
tary diseases. When he was 3 months old his parents noted that he
was greatly agitated during the night, with a clonic epileptic fit in-
volving theright leg and causing his head and gaze to turn to the | eft.
When the fit had finished he had right hemiparesis, predominantly
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facio-brachial, associated with axial hypotonia. There was no fever
or increased pressure at the fontanel. Retinal examination and lum-
bar puncture were normal, but the EEG showed permanent low volt-
age of the left hemisphere. A cerebral CT scan showed a large hy-
podense area in the left fronto temporoparietal region, demonstrat-
ing amassive sylvian and |eft anterior cerebral ischemic cerebrovas-
cular stroke. A left carotid angiogram showed there was a narrow
stenosis of the presylvian internal carotid, as well as an abnormal
view of alenticulo-striated collateral network at the level of the ba-
sal ganglia (Fig. 4) alowing the diagnosis of moyamoya disease.
When the boy was 4 months old psychomotor retardation was not-
ed, with the absence of spontaneous grasping associated with alter-
nating convulsions. CT scan revealed generalised cerebral atrophy,
predominantly in the left hemisphere, associated with severe bilat-
eral ventricular dilatation. A right carotid angiogram revealed that
there was also partial stenosis of the right carotid siphon.

When he was 1 year old, paresis of the left arm and axial hypo-
tonus persisted with microcephaly. His waking seemed to be better,
and his psychomotor developmental age was estimated as equivalent
to 6 months. The EEG showed a focus of |eft-sided frontorolandic
spikes, and an overall angiographic examination (supra-aortic ves-
sels, coronaries and renal arteries) was asked for in view of the re-
cent discovery of associated |abile hypertension with systolic blood
pressure of 170 mmHg and diastolic blood pressure of 100 mmHg.
Thesetestswere all normal, aswere atemporal artery biopsy and the
renal function. It was decided that this patient was not suitable for
any neurosurgical operation using a temporo-sylvian shunt, in view
of the length of time he had had the symptoms, their severity, and
the fact that a slight psychomotor improvement had been seen. Nev-
ertheless, the outcome has been marked by mental retardation and
drug-resistant frontal epilepsy.

Discussion

Moyamoya (MM) is a rare occlusive arterial condition,
which causes ischemic strokes in young people, for which
precise classification was only made possible by the ad-
vent of cerebral angiography, and which was long consid-
ered as an exclusively Japanese disease. This disease was
first described in Japan [18], characterized by progressive
stenosis of both supra-clinoid internal carotids on cerebral
arteriography, associated with abnormal collateral circula-
tion within the basal ganglia. Then, more than 100 cases
from all over the world were collected [12]. In France, Pi-
card et al. [16] appears to have described the largest Euro-
pean series with his 24 cases. By 1979, it had become a
real public health problem in Japan, needing an official
definition in an annual research report commissioned by
the Ministry of Health: “Occlusive disease of the vessels
at the basal ganglia characterized by the association of an
angiographic picture of bilateral stenosis of the supracli-
noid carotid arteries and/or their main terminal branches,
and abnormal development of a collateral network around
the circle of Willis.” 1n 1989, Kitamuraet al. [12] stressed
that a primary form existed with an ethnic preference, and
that this form could be called moyamoya disease, and that
there were also secondary forms, which he excluded from
thedefinition. Thisdistinction seemsto usto befundamen-
tal, eventhoughoverall, theclinical features, evolutionand
the principles of treatment are similar.

Our patient in the first caseisachild of Korean origin.
InKorea, theannual incidence of the disease has been stud-
ied over a period of 18 years and seems to be half that in
Japan [20] [0.08 (0.072-0.129) per 100,000 population],
with no regional preference. Around 150 new cases per
year are seen by the Japanese, compared with fewer than
3inFrance. Yonekawaalso noted that Africanswere over-
represented amongst Western patientsand also have alarge
predominance of secondary forms compared with the
Oriental cases. Our second patient continues to be the
youngest case in the world, and was described by |srael et
al.in 1982 [8], when hewas only 2 years old. The regular
reports from the Japanese Ministry of Health and the nu-
merous publications or theses show that there are two age
peaksfor thetime of diagnosis, viz the 1st and 4th decades
of life. Themost frequent age at which the condition comes
tolight is 6 years old. The number of secondary formsin-
creases in proportion to age, but cases described after
50 years of age are rare, and to our knowledge none have
been described after the age of 60. The sex ratio shows a
dlight female predominance (60%). Only 7% of cases are
familial, but the risk is 40 times greater in children with a
first-degree relative affected by the disease. It should be
recalled that the natural parents of our first patient were
first cousins, although we do not have any more informa-
tion on their family histories. It seems to us to be impor-
tant to look for any factorsresponsiblefor occlusion of the
vasavasorum (e.g. drepanocytosisor thalassemia) [17], for
enveloping fibrosis of the vessels at the basal ganglia (pa-
chymeningitis, tumors of the brain stem or, especially, ce-
rebral irradiation) and conditions affecting the arterial wall
(systemic elastorrhexis, fibromuscular dysphasia, glyco-
genesisor homocystinuria), asthese may be secondary, po-
tentially curable, forms. Our second patient later also de-
veloped Raynaud disease and unexplained early hyperten-
sion, which are without doubt part of a multisystem vas-
cular condition. Whatever the causative disease is, close
and long-term monitoring seemsto be advisable, even if a
specific treatment seems to have been spectacularly effec-
tive, because arelapseis aways possible [10]. Apart from
these supposedly secondary forms, the great majority seem
to be primary, asin our first case. This would explain the
ethnic predilection, the increased risk when a family his-
tory is present, the forms that are associated with geneti-
cally determined diseases, such as phakomatosis, trisomy
21, Turner syndrome, Fanconi disease or multiple malfor-
mation syndromes (congenital cataract, transposition of
the great vessels, coarctation of the aorta, polycystic renal
disease, or fibromuscular dysplasia of the renal arteries).
The presence of primary moyamoya disease is revealed
mostly by ischemic strokes or by their immediate or late
complications. Since there is progressive bilateral steno-
sis, sometimes asymmetrical at the onset, of the end of the
carotids with secondary development of a collateral net-
work through perforating and choroid arteries and also
through thetranscortical and transdural networks, itiseasy



598

to understand, from a time-scale point of view, why it is
particularly transient ischemic attacks (TIAS) that reveal
moyamoya disease in children [14], and hemorrhagic
strokes in adults. Repeated TIAS, sometimes alternating,
in particular during exercise, are the classic way that the
diseasestarts[4]. All typesof segmental motor deficit have
been seen, as have several descriptions of abnormal move-
ments, according to Suzuki et al. [18] (dyskinesia of the
limbs, choreaand hemiballismus). Asin our two cases, the
disease may berevealed by epilepticfits, which are mainly
partial but may later become generalized. Moyamoya rep-
resents 12% of pediatric cases and may of courseinitially
be confused with idiopathic or benign epilepsy and treated
as such [12]. We also see it as important to insist on the
fact that symptoms such as severe headaches that appear
to be migrainous, like those our first patient complained
of, are undoubtedly the result of rapid cerebral hemody-
namic alterations with their many associated symptoms,
such as slowing down of mental function or irritability, as
her parents had noted [6, 9]. Finally, as with all causes of
chronic ischemia during childhood development, the ab-
sence of curative treatment unavoidably leads to progres-
sive mental deterioration, asin case 2. More than half of
these children will have at least three strokes during their
lives, bearing in mind that ischemic attacks in childhood
generally herald hemorrhagic strokes in adulthood. These
strokes should in theory be | ess serious than other types of
intracranial hemorrhage, since they are caused by rupture
of pseudo-aneurysms that have developed on small ves-
sels, but in fact they are the main cause of mortality. Thus,
any subarachnoid hemorrhage occurring in this context re-
quires asearch for an associated true aneurysm. More than
50% of the patientsremainindependent intheir daily lives;
25% have a greater or lesser degree of residual functional
disability, but the complications may cause disabilities or
may lead to true encephal opathy by way of chronic ische-
mia and its complications. Apart the disease manifesting
itself by epileptic fits, Kodama et al. [13] described the
characteristics of the EEG with long slow waves indicat-
ing asubcortical origin, which were often posterior, that is
in the areas where the blood flow was spared, disappeared
when the eyes were opened and were greatly reduced dur-
ing sleep, when the spindles had alow voltage. On hyper-
ventilation testing, the slow waves persisted abnormally
for 20-60 s after the end of hyperventilation, sometimes
accompanied by mental confusion. This pattern is only
found in around 80% of pediatric forms; it has not been
found in any adult cases. Kodama et al. [13] tried to ex-
plain the EEG abnormalities and studied its progression
with time in a prospective study on 25 children who were
followed up for 72 months from the start of their symp-
toms. Thanks to this study, we now know that it takes
10 months for the large wide posterior waves to appear,
20 months for them to be found also in the centrotempo-
ral areas and to be less reactive, and 56 months for there
to be diffuse low-amplitude activity. The natural progres-

sion of the disease can thus be assessed indirectly, because
the posterior slow waves correspond to the expression of
deeper activity in ahealthy cortical area, whereastheir dis-
appearance is due to the degree of ischemia becoming too
severe and/or to a superadded deep lesion. As for hyper-
ventilation, this produces hypocapnia, which causes wide-
spread vasoconstriction, and this naturally affects small
vessels first of al, so involving the network of telangiec-
tasesinthe brainstem. This could explain the repeated con-
fusional states and the paroxysmal deficits of the lower
limbs by vasoconstriction of the anterior cerebral arteries
during physical exertion or crying, as described in our two
cases. Fujiwaraet al. [4], thanks to EEG recordings on ten
patients with simultaneous assessment of their arterial
blood gases, recently proved that administration of O, soon
after hyperventilation makes it possible to avoid the re-
build-up phenomenon and, especially, its accompanying
symptoms which according to him, may go as far as pro-
ducing TIAs. lIwamaet al. [9], investigating aseries of 124
children, have alsojust proved theimportance of maintain-
ing normocapnia and normal blood pressure during the
whole of the perioperative period. TIAs are, for them, an
index of anintracranial hemodynamic lesion and of poten-
tial peri- or postoperative complications. Moyamoyaowes
its definition and its classification to the development of
angiographic techniques. It is a progressive condition, as
our two cases show, which has radiological features that
are now well known and which allowed Suzuki et al. [18]
to classify it into six successive stages as early as 1966. In
any case, the radiological features recognized as diagnos-
tic criteria remain: the presence of stenoses or occlusions
of the two intracranial internal carotid arteries and/or of
thestart of the sylvian or anterior cerebral arteries, thepres-
ence of anetwork of abnormally dilated, anastomotic per-
forating arteries, the presence of collateralsfrom the arter-
ies of the external carotid network in place of the suprac-
linoidinternal carotid vessels, thanksto abnormally devel -
oped transdural anastomoses, and finally transcortical col-
laterals with arteries from the vertebro-basilar network. It
isimportant to notethat primary moyamoyadisease always
presents with an asymmetrical stenosis, but that the unilat-
eral forms (1/3 of cases) become bilateral later. Handa et
al.[5] described four possiblesitesfor these stenoses: these
are, distal to the ophthalmic artery, between the anterior
choroid and the posterior communicating arteries, beyond
the anterior choroid artery, and lastly between the A1 seg-
ment of the anterior cerebral artery and M1 of the sylvian
artery. In addition, the basal ganglia perforating arteries
can be separated into anterior (lenticular) and posterior
(thalamic) arteries at three different levels, according to
their location with respect to the basal ganglia. MRI is a
recent technique, which has made it possible for more to
be known about theradiol ogical featuresof moyamoyadis-
ease. It providesvery good precision for detection of small
strokes not seen on CT scan, whether ischemic or hemor-
rhagic, and for the assessment of the brain stem network
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[3]. Neuroradiol ogists recognize the tortuous appearance
devoid of a signal with T1 weighting and the moth-eaten
appearance of the brain stem nuclei, showing the presence
of telangiectases of the moyamoyanetwork. ARM (angio-
graphy by magnetic resonance) not only allows a carotid
stenosisto be seen, but transdural anastomoses can also be
identified by trained radiologists with good-quality equip-
ment. Doppler examinations are particularly used for func-
tional assessment after treatment, bearing in mind that be-
foretreatment, they notably reveal an accelerationin blood
flow in the ophthalmic arteries and in the vertebral axes,
withareduction of blood flow inthe carotid network. Func-
tional cerebral imaging, which is currently being devel-
oped, also provides good quality peri- and postoperative
assessment, as Touho et al. [19] showed in a series of 25
patients. SPECT shows an antero-posterior gradient in
these patients, which is increased with hyperventilation,
and preferential posterior perfusion, as well as better per-
fusion in the gray nuclei. PET scanning also demonstrates
areduction in local O, metabolism in the ischemic areas,
with an increased O, extraction coefficient in the cortex,
but not in the basal ganglia. Moyamoyawas treated symp-
tomatically for many years, and hasalwayshad avery poor
prognosis for function and survival. It was not until 1977
that Yonekawa and Yasargil [20] performed the first tem-
poro-sylvian anastomosis, using a neurosurgical operation
that consisted of bypassing the stenosis at the brain stem
by creating a transdural anastomosis, using a vessel from
the external carotid network. He also made an end-to-side
anastomosis between the branches of the superficial tem-
poral artery and the sylvian artery on the same side for an-
terior moyamoya. Since then, other authors have proposed
the same sort of operation, but between the occipital artery
and the calcarin artery, for the forms with posterior pro-
gression of the disease. Many indirect methods have fol-
lowed on from these direct methods, whose main disad-
vantageliesin the small size of the sylvian artery for anas-
tomosis. Some of these methods consist of occipito-gas-
tro-epiploic anastomoses by omental transplantation into
the cortex. Others move the temporal muscle inside the
skull, which hasthe advantage of being possiblein patients
at any age, although it has many disadvantages (postoper-
ative epilepsy from compressive irritation, loss of muscle
trophicity in the medium term, a large hole with an un-
sightly appearance). Inspired by this encephal o-myo-syn-
angiogenesis (EMS) described by Karasawaet al. in 1978
[11], Matsushima et al. [14] perfected a simple technique
in which a piece of epicranial aponeurosisis moved inside
the skull onto the dura mater, together with its branch of
the temporal artery. In our first case, the patient benefited
from a bilateral transdural angiogenesis (TDA), with a
spectacularly successful result. This type of operation is
quick and causes minimal damage, and remains at present
the easiest and most frequently performed in children, with
an angiographic efficacy that was first recognized in 1986
and has been confirmed more recently both by EEG and

by functional imaging techniques[15]. Direct anastomoses
are still very widely performed, with an equally good re-
sult in most cases. The neurosurgical contraindicationsare
rare, the main ones being early onset of the symptoms, a
high frequency of stroke, and the finding of a poor trans-
dural network.. Thesethree criteriawere present in our sec-
ond case, which iswhy we did not perform a curative sur-
gical operation for this patient. At present, moyamoya
seems to us to be the only acceptable surgical indication
for treatment to prevent strokes, in particular in children.
Even if the mechanism responsible for the devel opment of
basal ganglia collateralsis unanimously recognized as the
result of any type of recent intracranial stenosis, the exact
pathophysiology of the stenosing processin primary moya-
moya as yet remains unclear. A malformation hypothesis
has easily been refuted, because the lesions are progres-
sive, as proved by repeated angiograms performed on the
different patientsand pathol ogical examination of thesear-
eas. Thehistological descriptionisin fact more or lessthat
of an atherosclerosed vessel in hypertension, with hyper-
plasia of the intima, made up of smooth muscle fibers and
elagtic fibers, and the media, which hasfew fibrocytes and
separates it by an external elastic layer that has splitsin
several layers or is simply jagged. No parietal inflamma-
tory reaction has ever been seen on these stenosed arterial
walls, which excludes aform of arteritis. Fibrocellular hy-
perplasiaof theintimaseemsto bethe essential lesion, and
Aoyagi etal.[1, 2] and later Hoshimaru et al. [ 7] suggested
that the cause might be a defect in the synthesis of PDGF
(platelet-derived growth factor) receptors, when the FGF
(fibroblast growth factor) receptors are saturated, possibly
as a result of ischemia. In view of these recent observa-
tionsand thefact that Kitamuraet al. [12], asearly as 1991,
described the stigmata of fibromuscular hyperplasiain all
the systemic vessels, and even in the smaller vessels, we
can honestly integrate primary moyamoya into the larger
group of genetically induced angiodysphasia, through the
growth factors of the small muscle fiber. Therefore, moy-
amoya disease must be known to pediatrician, neurologist
and neuro-surgeon, because of the multiple clinical fea-
tures, from ischemic to hemorrhagic strokes, and because
there is a possible preventive treatment with brain revas-
cularization.
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