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Transcranial Doppler sonography was performed on eight
patients diagnosed as Moyamoya disease . Angiographi-
cally, the patients-four adults (mean age 42) and four
children (mean age 7.7)-underwent a complete six- or
five-vessel angiographic study . The results showed the
following: (1) Despite the presence of stenosis, all middle
cerebral arteries showed very low-flow velocity compared
to their ipsilateral distal internal carotid arteries . In adult
cases, the difference was very significant (p < 0 .02) . (2)
Relatively high-flow velocity was observed in the poste-
rior cerebral arteries of children, and in the ophthalmic
arteries of adult cases . (3) In several occasions, very low-
flow velocity values were still detected despite the fact
that with angiography, the respective arterial segments
were hardly opacified . The relation and discrepancy be-
tween these results and the angiographic findings, and
the potential application of transcranial doppler in assess-
ing and grading the severity of moyamoya disease are
discussed .

KEY WORDS : Cerebral circulation ; Cerebrovascular disease ;
Moyamoya disease; Transcranial Doppler sonography

Moyamoya disease is a form of chronic cerebrovascular
occlusive disease, characterized by the angiographic
finding of stenosis or occlusion of distal portions of both
internal carotid arteries and their major branches, and
the appearance of extensive parenchymal, leptomenin-
geal, and transdural anastomosis [11,16,25) . This partic-
ular type of cerebrovascular abnormality was once
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thought to be confined to the Japanese [12], but similar
cases have been reported from all over the world [5,11] .
According to the diagnostic criteria of the Japanese Co-
operative Research Committee on Moyamoya, only
cases with bilateral lesions are diagnosed as "definite,"
and those with unilateral involvement are classified as
"probable" [8) . It was possible for an initially unilateral
case to progress bilaterally as reported by Matsushima
et al [15) . Its incidence has two peaks, that is, in the
first and fourth decade of life [17,261 . Children typically
present with recurrent ischemic attacks, such as episodes
of sudden hemiplegia (17,26]. On the other hand, adult
cases are more commonly present with evidence of intra-
cranial hemorrhages, either intracerebral hemorrhages
with intraventricular rupture or subarachnoid hemor-
rhage [26] . Although there are several supporting diag-
nostic methods such as computed tomographic (CT) scan
and electroencephalographic (EEG) findings [17,26],
definite diagnosis and its classification still depend
largely on angiography of the main cerebral arteries,
which is invasive and not without risk . In children it is
usually necessary to give general anesthesia in perform-
ing the angiography, and this may make this procedure
more risky .

In 1982 Aaslid et al (1) introduced a high-energy,
pulsed-doppler system, operating at low frequency,
which facilitated a reliable measurement of flow velocity
from distinct cerebral arteries, at a defined depth, at the
base of the skull . Since then, transcranial doppler (TCD)
sonography was suggested and even indicated for exami-
nation and follow-up of patients with vasoconstriction
of any cause, especially vasospasm after subarachnoid
hemorrhage [14,21) . Even, using TCD sonography, the
process of relaxation or normalization of the spastic seg-
ment of a middle cerebral artery was clearly observed
[19) . Using one of the three cranial windows mentioned
by many authors [1,2,9,22), it is possible to measure
the normal flow velocity of the basal cerebral arteries
and their main branches .
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Reported here are the results of TCD examinations
in eight Moyamoya cases (four adults and four children) .
The potential application of TCD for classification of
severity and evaluation of collateral circulation in this
chronic cerebrovascular occlusive disease is discussed in
relation to the clinical and angiographic findings .

Subject and Method
The study involved eight patients, diagnosed angio-
graphically as "definite" Moyamoya disease . They were
admitted to the Department of Neurosurgery, Hiro-
shima University Hospital between January 1991 and
July 1992 . There were four adults, aged between 28 and
51 (mean 42), and four children, aged between 4 and
13 (mean 7 .75). The children all presented with symp-
toms of transient ischemic attack and their CTs showed
normal images . Three of the adult cases had intraventric-
ular hemorrhage and the one had cerebral infarction at
presentation. Low-density lesions were observed on the
CT scans of cases 2, 3, and 4 (Table 1) .

All patients underwent six- or five-vessels selective
angiographic study using conventional or digital subtrac-
tion methods via a transfemoral catheter. As had been
reported previously {231, the internal carotid arterio-
grams were categorized, according to the degree of ste-
nosis, into five stages : stage 1, slight to moderate stenosis
of internal carotid artery (ICA) bifurcation (lumen
10%); stage 2, severe stenosis of ICA bifurcation (lu-
men G 10%); stage 3, occlusion of middle cerebral artery
(MCA) or anterior cerebral artery (ACA) ; stage 4, occlu-
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Abbreviations F, female ; LDA, low density area; Lt, left ; M, male ; Rt, right; TIA, transient ischemic attack ; other abbreviations as per textt

sion of ICA or ACA and MCA with partial retention of
trunk of ACA or MCA ; stage 5, occlusion of ICA or
ACA and MCA with no filling of main trunk of either
ACA or MCA (Table 2) .

TCD examinations, using a TC2-64 Transcranial
Doppler (EME, Uberlingen, Germany), were done
through the temporal bone window for the insonation of
the supraclinoid portion of the internal carotid, middle
cerebral, anterior cerebral, and posterior cerebral arter-
ies, and through the orbital window for insonation of
the ophthalmic artery . Doppler intensity was set at 75%
and 10% of spatial peak temporal average for temporal
bone window and orbital window, respectively [9] .
Techniques of TCD examinations were as follows : The
temporal window is a region through which the doppler
signal can penetrate because of the thin bone in this area .
The middle, anterior, and posterior cerebral arteries, as
well as distal portion of ICA can usually be insonated
by placing the ultrasound probe over this window. Flow
of MCA (from 40 to 55 mm) is toward the transducer
and can often be followed to the distal ICA . Once the
MCA is identified, the orientation and depth of the inso-
nation has to be adjusted until the maximal or the best
of the doppler signals are received . At the distal ICA,
the observed flow is usually bidirectional, and flow of
the ACA which is normally away from the transducer
is detected . The posterior cerebral artery (PCA) is de-
tected by using the ICA bifurcation as a reference, in-
creasing the depth by 5 mm, and directing the probe
slightly posteriorly. Signals from the PCA can usually
be recorded at a depth between 60 and 80 mm. The
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Table 1 . Patients, Their Symptoms and Findings on CT and Angiograms
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Table 2. MFV and PI of ICA and MCA and its Ratio in Relation to Stage of IC Occlusion

Abbreviations ; n .r ., not recorded ; other abbreviations as per Table I and text .

flow is directed toward the probe in the proximal (P1)
segment, and away from the probe in the distal (P2)
segment as well as the contralateral P1 . In contrast to
that of MCA, the signal is lost when the depth is below
50-55 mm. Normal values for mean flow velocities
(MFVs) of the above-mentioned arteries have been pub-
lished elsewhere [2,8,22] . The ophthalmic artery (proxi-
mal intraorbital segment) is insonated through the or-
bital window, from the superior palpebrae, over a closed
eye, with a depth of 45-55 mm. It is characteristically
directed toward the probe, has MFV values of 21-23.6
cm/s [20,22], and its waveform is characteristic of extra-
cranial vessels, that is, a relatively higher pulsatility index
than that for the other intracranial vessels [5,20] . All
measured MFV are displayed in centimeter per second
(cm/s), and Gosling's pulsatility index [PI = (peak sys-
tolic velocity - end diastolic velocir)/mean velocity]
(2) was also calculated . Student's r test was applied to
calculate the statistical significance of all measurement .

Results
Except for the left side of case 2, the temporal bone
windows were present in all 15 sides of the eight patients .
From these successfully insonated windows, doppler sig-
nals of the distal ICAs, the proximal middle cerebral,
precommunicating segment of posterior cerebral, and
precommunicating segment of anterior cerebral arteries
were successfully recorded in 100%, 100%, 100%, and
66.67% of the angiographically patent arterial segments
respectively . Orbital insonation for ophthalmic arteries
gave a 87 .5% success rate . The MFV and PI values for
all the successfully identified basal cerebral arteries and
the ophthalmic arteries from both sides of each subject
and the stage of ICA occlusion on angiograms are sum-
marized in Tables 2 and 3, and briefly analyzed below
(displayed in mean ± standard deviation) :

Muttaqin et al

Internal Carotid Artery

Doppler signals of the distal ICAs were successfully
recorded from all the other 15 sides of the eight patients .
In case 5, interestingly, very low-flow velocity values
were still detected, while both supraclinoid ICAs were
hardly opacified on angiogram (stage 4 of ICA stenosis) .
The mean flow velocity values were 56.28 ± 15 .51 cm/
s in adult cases and 66 .25 ± 27 .37 cm/s in child cases .
The values for pulsatility index were 0.69 ± 0.21 in
adult and 0.76 i 0.14 in children .

Middle Cerebral Artery

In adult cases, the mean flow velocity value of MCAs
(36.28 ± 7 .8 cm/s) was significantly lower (p < 0.02)
than the value of the respective ipsilateral ICAs (Figure
1) . In children, the value (52 .33 ± 23 .61 cm/s) was also
lower than that of the respective ICAs but no statistical
difference was observed . Signals of the WAS were not
observed bilaterally in case 5 with total occlusion of the
distal ICAs. In case 4, however, very low MFV values
were still detected despite the presence of very severe
stenosis of bilateral MCAs on angiogram (Figure 2) .

Posterior Cerebral Artery

In all insonated temporal bone windows, PCAs were
successfully insonated in all sides except the left side
of case 5 . In this particular case, angiography revealed
occlusion of the interpeduncular segment of the left
PCA . Children typically showed very high mean flow
velocity values (100-250 cm/s). And the mean value
(124 .57 ± 60 .53 cm/s) was significantly higher (p <
0.05) compared to that of the adult cases (69.43 '- 19.34
cm/s) (Figure 3) . Angiography showed excellent lepto-
meningeal anastomosis in 15 out of 16 parietal regions
and 15 out of 16 temporal regions .

Case
no.

Stage
(Satoh et al)

rt ./k .

ICA MCA
Ratio of

YMCA/VICA

MFV P1 MFV PI Rt . Lt.

1 . 3/3 42/86 1 .03/0 .61 34/40 0.67/0 .71 0.81 0.47
2 . 3/3 50/n .r . 0 .87/n .r . 46/n .r . 0 .86/n .r. 0.92 n .r .
3 . 3/3 50/60 0.6710 .7 32/46 0.73/0 .62 0.64 0.77
4 . 3/3 42/64 0.56/0 .36 30/26 0.28/0 .33 0.71 0.41

5 . 5/4 42/24 0.65/0 .59 n .r ./n .r .
6 . 2/2 52/60 0.79/0 .81 42/34 0.67/1 .0 0.81 0.57
7 . 2/1 108/80 0.56/0.91 80/82 0.82/0 .91 0.74 1 .02
8 . 2/3 72/92 0.90/0.88 50/26 0.69/0 .28 0.69 0.28
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Table 3. MFV and PI of Posterior Cerebral Artery and Ophthalmic Artery

Abbreviations : OA, ophthalmic artery ; VA, vertebral artery ; other abbreviations as per Tables 1, 2, and 3 and text .

Anterior Cerebral Artery
Angiography revealed the opacification of patent ACAs
in six sides of three patients, and TCD successfully
recorded their doppler signals in four out of these
six sides, two in adult and the other two in children .
The mean value of mean flow velocities was 64 -t 19 .8
cm/s. Statistical comparison was not done on these re-
sults .

Ophthalmic Artery
Doppler signals of the ophthalmic arteries could be
traced in all orbital insonations, except in case 7, whose
angiogram revealed bilateral hypoplastic ophthalmic ar-
teries. The mean flow velocities of the ophthalmic artery
were significantly higher (p < 0 .05) in adult cases
(37.75 ± 10.22 cm/s) compared to child cases (29 .0 ±

Figure 1 . Results of transtemporal doppler intonation for distal internal
carotid artery (ICA, depth of 60-65 mm) and middle cerebral artery (MCA,
depth of 5 5-45 mm) . Except for one MCA of case 6, the mean flow velocity
value was much lower in the MCA side even in the presence of stenoses . In
adult cases, the difference is statistically very significant (p < 0 .02) .
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12.44 cm/s), whereas the vessel's resistance or pulsatility
indices were significantly lower (p < 0 .01) in adult cases
(0 .8 ± 0.26) as compared to child cases (1 .53 ± 0.32)
(Figure 4). This low pulsatility index in adult cases was
expressed in the recorded doppler signal as the flow
pattern similar to that of intracranial vessels . Normally,
as also observed in all the child cases except case 5,
signal flow pattern of the ophthalmic artery is similar to
that of the extracranial vessels, that is, relatively lower
flow velocity and higher pulsatility index (Figure 5) .

Discussion
The flow velocity of the terminal portion of the ICAs
were generally lower in adult than in childhood Moya-
moya cases, as also observed in normal individuals [ 10] .
In some cases, very low doppler signals could still be
detected even when the respective arterial segments (su-
praclinoid ICAs in case 5 and bilateral MCAs in case 4)
were hardly opacified on angiograms (Figure 2) . This
discrepancy might have been caused by the very pro-
longed regional circulation time in Moyamoya vessels
[28] ; the contrast medium did not reach the "stenotic
but patent" vessels on time . Or it might have been the
result of the relatively large size of the "sample volume"
in the presently available TCD instrument (10 x 4
mm2), so that the nearby patent segment of the same
vessel was simultaneously insonated . Angiography is not
necessarily accurate, since the opacification of a particu-
lar vessel and its direction of flow depend on the pressure
of contrast injection [5,20] .

When a vessel narrows, regardless of the cause, the
velocity of the bloodflow increases to allow the same
volume of blood to pass the narrowed lumen . This "law
of continuity" is the basis for the compensatory flow
velocity increase found in vascular spasm after aneurys-
mal subarachnoid hemorrhage [5,91 . Velocity also in-

Posterior cerebral artery Ophthalmic artery
Case
no. MFV P1 MFV P1 Comments on angiography

56/42 0.70/0 .79 46/34 0.86/0 .58 No stenosis of PCA
2 . 86/n .r . 0 .69/n .r. 20/30 1 .35/0.92 VA stenosis proximal to VB junction

80/50 0.60/0 .46 52/34 0.70/0.82 No srenosis of PCA
4 . 86/86 0.50/0 .63 44/42 0.63/0.56 Rt. PCA hypoplasia

It . distal stenosis

521at. 0 .651n .t . 42/46 1 .27/1 .04 Rt . distal and It. proximal PCA occlusion
6 . 122/112 0 .68/0 .59 28/24 1 .72/1 .71 No stenosis of PCA
7 126/250 0 .58/0.49 n.r . n .r . No stenosis of PCA both OA hypoplasia

100/110 0.63/0.76 16/18 1.60/1 .89 Distal stenosis of bilateral PCA
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creases when there is augmentation due to collateral
contribution to other vessels' territories [2,5,9] . This
latter reason applies for the abnormally high flow veloc-
ity of the PCAs in children, and of the ophthalmic arter-

Figure 3 . Comparison of mean flow velocity values of the internal carotid
(ICA), middle cerebral (MCA), and posterior cerebral (PCA) arteries in
adult cases (lei and in child cases (right) . In adults, MCA is significantly
(p < 0.02) lower than ICA, and in children, PCA is significantly higher
(p < 0 .05) than ICA . And compared to adult cases. children showed
significantly higher flow velocity of PCA (p < 0 .05) .

ICA MCA PCA

P. m I

I

ICA MCA PCA

Muttaqin et al

Figure 2 . Proximal middle cerebral artery
was hardly opacified during left internal
carotid arteriography (ICAG) in case 4
(left), but a very low-flow velocity was still
detected on transcranial doppler recording
(ri$ht) . Note also the very low pulsatility
index (PI) values .

ies in adult Moyamoya cases, since no stenotic lesion
was observed in those insonated arterial segments . Even,
dilatation and hypertrophy of the ophthalmic arteries
were observed in cases 1 to 5 (Figure 5) . Whitnal [33),
and Bock and Schwarz-Karsten [3) wrote that, anatomi-
cally, the ophthalmic artery branches off at right angles
from, and at once turns to lie almost parallel with, the
ICA. The main stream of the ICA would tend to suck
blood out of the ophthalmic artery rather than force
blood into the artery. Narrowing of the arterial segment
distal to the origin of the ophthalmic artery as in Moya-
moya disease, would then tend to darn up the main
bloodstream and force the blood back into the ophthal-
mic artery. This factor might have some influence on the
enlargement of the ophthalmic arteries in adult Moya-
moya cases and the change of their waveforms from the
extracranial type to the intracranial type (Figure 5) . If
the assumption is true, then it will explain the chronicity
of the disease process .

Normally, the MCA has the highest flow velocity
among the basal cerebral arteries [2,9,22) . This is related
to the fact that it carries about 80% of flow to the hemi-
sphere [30), has a smaller diameter compared to that of
ICA [6,7,33], and has the smallest degree of insonation
angle in TCD sonography [1) . Mild to moderate stenosis
increases flow velocity, and this increase is inversely cor-
related to the residual lumen's diameter [9,13,22) . De-
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Figure 4. Results of transorbital doppler intonation for ophthalmic aner-
ies . In adult cases (solid circles), mean flow velocity (MFV) values were
significantly higher (p < 0 .05), and pulsatility index (PI) values were
significantly lower (p7< 0 .01) compared to those of children. Most of the
adult cases showed absolute values of >30 cmls for MFV and <1 for P1 .

creased flow velocity occurs distal to the stenotic segment
when the stenosis exceeds 60%-80% [10,13,14] .

In our cases, the mean flow velocities of the MCAs
were generally lower than those of the ipsilateral ICAs
and in adult cases they were statistically significant . It is
interesting that despite the presence of mild, moderate,
or severe stenotic lesions, none of these vessels showed
increased flow velocities. The presence of stenotic lesion
proximal to the insonated vessels, that is, arterial seg-
ment proximal to the supraclinoid ICA, might explain
the low flow velocity of the distal ICAs and the MCAs,
only if the stenosis was very severe, as had been observed
by De Witt and Wechsler [5] in cases of extracranial
internal carotid occlusion, and Schneider et al [25) in
temporary ICA cross-clamping during carotid endarter-
ectomy .

It is known that arterial occlusion in Moyamoya dis-
ease is not only confined to the large arteries of the circle
of Willis, but histologic abnormalities such as intimal
thickening with elastofibrosis and tortuous internal elas-
tic laminae in the arterial wall are generally observed
even in the level of arterioles, medullary arteries of the
cerebral white matter, and the small collateral vessels in

adults
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the subarachnoid spaces over the parieto-occipital region
[18,24,36]. These are the reasons behind the prolonged
circulation time [28], the decreased volume of blood
passing through this particular vessel, and the low hemi-
spheric cerebral blood flow (CBF), as were observed in
reported CBF studies [29,3 11 The low flow velocity of
the middle cerebral compared to that of the internal
carotid arteries had to be related to the smaller volume
of blood supplied to its vascular territory . And, the
smaller the ratio of the MFV value of MCA (VMCA) to
the MFV value of ICA (VMCA) (VMCA/V,CA), the smaller
the volume of blood carried to the hemisphere through
the respective vessel. In our cases, a positive correlation
was observed when comparing this ratio with the degree
of stenosis of internal carotid artery bifurcation men-
tioned by Satoh et al [21], but further study with a
larger number of subjects will be needed to evaluate the
potential application of this ratio for grading the severity
of the Moyamoya disease.

Significantly higher flow velocity of the PCAs in chil-
dren compared to that of adult cases, showed the more
important role performed by the PCAs as collateral cir-
culation to the ischemic brain in children than in adult
cases. This is in agreement with the results of regional
CBF study using the 133Xe inhalation method [30], and
the 133Xe clearance method [32] which showed a rela-
tively high regional CBF in the posterotemporal and
occipital regions of childhood Moyamoya cases . The
higher incidence of aneurysm in the vertebrobasilar sys-
tem, especially at basilar bifurcation in Moyamoya pa-
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Figure 5. Upper pictures represented angiographic opacification and
doppler signals of ophthalmic artery in adult Moyamoya cases . Lower
pictures were those of children . The doppler flow pattern of the ophthalmic
artery in the adult was similar to that of the intracranial vessels (relatively
high diastolic flow velocity), whereas children showed patterns similar to
that of the extracranial vessels (very low diastolic flow velocity) .

tients [32,351 may be explained by the presence of he-
modynamic stress caused by the very high flow velocity
at the bilateral PCAs .

It is not the aim of this investigation to compare
childhood and adult Moyamoya cases statistically, but
the fact that its incidence has two peaks-the first and
the fourth decade of life-may lead to the emergence of
some differences in many aspects, such as the adaptive
capability of the cerebral circulation against the disease
process . It is not impossible that there might be some
differences in its pathogenesis in children and in adults .
The use of TCD has proved to be very beneficial in the
assessment of the circulatory state of the main cerebral
vessels, especially those directly involved in the disease
process, in Moyamoya patients . And as the characteristic
doppler flow patterns of the ophthalmic arteries such as
that found in adult cases were observed whenever the
vessel supplies intracranial circulation (Figure 5), evalua-
tion of the collateral vessels following revascularization
measures should be a part of the future benefit of the
use of TCD in Moyamoya patients .
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