FDG-PET studies performed under baseline conditions (6). The
question remaining is which is the best indicator of regional
brain function. In our subject, for example, the significant
difference observed in the absolute measures between studies 1
and 2 was lost for the relative measures. One could question
whether the differences observed with the absolute measures
represent noise or whether the relative measures are less
sensitive to physiological signals. This issue is important since
increasing numbers of imaging studies that evaluate functional
activation use relative rather than absolute measures. Relative
measures assume that regional measures change linearly with
respect to changes in global metabolism and/or global cerebral
blood flow. Studies are required to establish the relationship
between the changes in metabolic activity in the various brain
regions as a function of changes in whole brain metabolism.

CONCLUSION

Regional brain metabolic changes induced by the benzodiaz-
epine agonist are highly reproducible in magnitude and pattern.
We found that also shows that the metabolic rate was consis-
tently lower in the second study than in the first. The mecha-
nism accounting for the decreases in the replication study
requires further evaluation.
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SPECT and MRI Evaluations of the Posterior
Circulation in Moyamoya Disease

Ichiro Yamada, Yuji Murata, Isao Umehara, Soji Suzuki and Yoshiharu Matsushima
Departments of Radiology and Neurosurgery, Faculty of Medicine, Tokyo Medical and Dental University, Tokyo, Japan

We evaluated the posterior circulation in patients with moyamoya
disease by SPECT and MRI. Methods: Six patients with idiopathic
moyamoya disease were studied by SPECT, MRI and angiography.
Patients received an injection of 555-740 MBq of ®*™Tc-HMPAO,
after which SPECT images were taken. The cerebral-to-cerebellar
activity ratio in five cerebral regions was calculated to assess the
regional cerebral blood flow (rCBF). The SPECT and MRI findings
were then compared with angiographic. Results: Of the 12 posterior
cerebral arteries (PCAs) in the six patients studied, seven PCAs
(58%) in five patients had a stenotic or occluded lesion. Further-
more, rCBF in all five regions significantly decreased as the degree
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of steno-occlusive lesions of the PCA progressed. No significant
correlation, however, was found between the steno-occlusive le-
sions of the internal carotid artery bifurcation and the rCBF. The
rCBF significantly decreased in the absence of leptomeningeal
collateral vessels from the PCA to the anterior circulation. On the
basis of the MR images, the frequency of cerebral infarctions
significantly increased in patients with steno-occlusive PCA lesions.
Conclusion: The rCBF in moyamoya disease decreases propor-
tionally with the degree of steno-occlusive lesions of the PCA. The
steno-occlusive PCA lesions decrease the number of leptomenin-
geal collateral vessels to the anterior circulation, thereby causing
severe cerebral ischemia that is likely to result in infarctions.

Key Words: moyamoya disease; technetium-99m-HMPAO; re-
gional cerebral blood flow; posterior circulation; SPECT

J Nucl Med 1996; 37:1613-1617

1613



Although moyamoya disease, a rare cerebrovascular occlu-
sive disease of unknown etiology, is commonly seen in Japan,
cases have also been reported elsewhere (/-4). The angio-
graphic features of this disease are as follows: (a) bilateral
stenosis or occlusion of the supraclinoid portion of the internal
carotid artery that extends to the proximal portions of the
anterior cerebral artery and the middle cerebral artery and (b)
the presence of parenchymal, leptomeningeal and transdural
collateral vessels that supply the ischemic brain (5-7).

Recently, SPECT has been used to evaluate cerebral blood
flow (CBF) in patients with moyamoya disease (§—/17). Only a
few reports, however, have discussed the posterior circulation
in moyamoya disease (/2), and no SPECT study has yet
evaluated the effect of the posterior circulation on the CBF of
moyamoya patients. Therefore, we reviewed the SPECT images
in patients with moyamoya disease and evaluated the relation-
ship between the anterior and the posterior circulation. We then
compared these findings with parenchymal lesions detected by
MRI.

MATERIALS AND METHODS

Patients

Over the past 2 yr, six consecutive patients with angiographi-
cally idiopathic moyamoya disease were studied. Three of these
patients were male and three were female (age range from 10 to 54
yr; mean age 26 * 16 [s.d.] yr). All six patients were found to have
no underlying disease, thereby confirming the diagnosis of idio-
pathic moyamoya disease, and none had undergone previous
surgical treatment.

Imaging Examinations

SPECT imaging was performed with a rotating, single-head
gamma camera equipped with a low-energy, all-purpose, parallel-
hole collimator. Five minutes after intravenous injection of 555—
740 MBq *™Tc-HMPAO, SPECT imaging was initiated. Sixty-
four views were obtained through a 360° rotation with an
acquisition time of 30 sec per view, which resulted in a matrix size
of 64 X 64. The camera was connected to a nuclear medicine
computer. Furthermore, a Butterworth filter was applied before
reconstruction and transaxial sections (a section thickness of one
pixel size, 4.8 mm) were reconstructed with a standard back
projection using a Shepp and Logan filter. No attenuation correc-
tion was made.

Within 1 mo after SPECT imaging, all six patients underwent
MRI that was performed with a 1.5-T system using a circularly
polarized quadrature head coil. Axial and coronal T1-weighted,
spin-echo images were obtained with a 600/20 sequence (repetition
time msec/echo time msec) and two signals averaged. Axial
proton-density and T2-weighted images were obtained as the first
and second echo images of the spin echo 3000/20, 80 sequence
with one signal averaged, respectively. All images were acquired
with a 20-cm field of view, 256 X 256 matrix and a section
thickness of 5 mm with a 1-mm intersection gap.

Furthermore, using the transfemoral catheterization technique,
all six patients underwent cerebral angiography that included
bilateral internal external carotid arteriography and unilateral or
bilateral vertebral arteriography, which was performed within 1 mo
of the SPECT and MRI.

Image Analysis

On the basis of the angiographic findings, we classified steno-
occlusive lesions of the internal carotid artery bifurcation, accord-
ing to the degree of narrowing noted in the supraclinoid portion of
the internal carotid artery and the proximal portions of the anterior
cerebral artery and middle cerebral artery, into one of the five after
stages: stage 1 = mild-to-moderate stenosis of the internal carotid

artery bifurcation (=80% reduction in diameter); stage 2 = severe
stenosis of the internal carotid artery bifurcation (>80% reduction
in diameter); stage 3 = occlusion of either the anterior cerebral
artery or middle cerebral artery; stage 4 = occlusion of the internal
carotid artery bifurcation, with partial retention of the anterior
cerebral artery and/or middle cerebral artery main trunk; and stage
5 = occlusion of the internal carotid artery bifurcation, with no
visualized anterior cerebral artery and middle cerebral artery main
trunk (/3,14). Lesions in the posterior cerebral artery (PCA) were
graded as normal, stenotic or occluded.

We also classified basal cerebral moyamoya vessels (MMVs) on
the basis of their presence and appearance into four grades: none,
slight, moderate or marked. Marked implies that the MMVs were
a vascular network that had stained heavily and extended above the
basal ganglia with visualization of the medullary arteries; moderate
means that the MM Vs presented an intermediate vascular network
localized in the basal ganglia without visualization of the medul-
lary arteries; and slight indicates that MMVs were less dense and
showed a more orderly arrangement only near the internal carotid
bifurcation, assuming the appearance of unusually dilated perfo-
rating arteries.

SPECT images were reviewed for the distribution of areas
showing decreased regional CBF (rCBF). Rectangular regions of
interest (ROIs) were thus set on SPECT images in the frontal,
temporal, parietal and occipital lobes and in the basal ganglia and
cerebellar hemispheres. The size of each ROI was 20 X 20 mm,
and the mean value of three or four ROIs was calculated in five
regions (frontal, temporal, parietal and occipital lobes and basal
ganglia). The cerebral-to-cerebellar activity ratio (C/C ratio) was
calculated by dividing the count in these regions by that in the
cerebellar hemisphere to assess the rCBF. Values were expressed
in percentages as a mean * s.d. of the C/C ratios.

In this regard, based on the vertebral arteriography, we con-
firmed that there was no abnormality in the superior cerebellar,
anterior inferior cerebellar, posterior inferior cerebellar, vertebral
and basilar arteries in the six moyamoya patients studied. We also
included 12 normal volunteers (6 males, 6 females; aged 11 to 34
yr) as a control group in this study and found no significant
difference in the number of counts in the cerebellar hemisphere
between moyamoya patients (51.4 = 2.4) and normal volunteers
(52.9 % 3.1). Thus, we believe that the cerebellar blood flow in
moyamoya patients is within normal range and can serve as a
reliable reference.

MR images were reviewed for a cerebral infarction and hemor-
rhagic lesions. On MRI, an infarction was the diagnosis for lesions
that showed an abnormal signal intensity on both T1- and T2-
weighted images, whereas lesions that presented an abnormal
signal intensity in the deep white matter only on T2-weighted
images were not included in the diagnosis of an infarction.

Imaging studies were evaluated on the basis of blinded separate
interpretations by two independent radiologists. Further, SPECT
and MR images were interpreted independently without knowledge
of the angiographic findings. In instances when the observers did
not fully agree, diagnosis was achieved by consensus.

Finally, statistical analysis was performed by using the chi-
squares test, Fisher exact test, Mann-Whitney test or Spearman
rank correlation test between groups, and values of p < 0.05 were
considered as being statistically significant.

RESULTS
Steno-Occlusive Lesions and the rCBF

In all six patients, stenosis or occlusion of the supraclinoid
portion of the internal carotid artery and of the proximal
portions of the anterior cerebral artery and middle cerebral
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artery was detected bilaterally (Figs. 1 and 2). The stages of
these steno-occlusive lesions in the 12 internal carotid artery
bifurcations were as follows: stage 2, two arteries; stage 3, four
arteries; stage 4, four arteries; and stage 5, two arteries. Further,
out of 12 PCAs, three arteries were found to be stenotic and four
arteries occluded (Fig. 2). Thus, a total of seven PCAs (58%)
manifested steno-occlusive lesions.

As shown in Table 1, the rCBF in the frontal, temporal,
parietal and occipital lobes and the basal ganglia significantly
decreased as the degree of steno-occlusive lesions of the PCA
advanced (p < 0.05, p < 0.01, p < 0.01, p < 0.05 and p < 0.05,
respectively) (Figs. 1 and 2). Thus, the presence of steno-
occlusive PCA lesions was found to be greatly linked to the
rCBF in moyamoya patients. On SPECT imaging, however, the
stage of steno-occlusive lesions of the internal carotid artery
bifurcation did not correlate significantly with the rCBF (Table
2).

Collateral Vessels and the rCBF

In all six patients, basal cerebral MMVs were detected
bilaterally in the cerebral hemispheres (Figs. 1 and 2). The
grade of the MMVs in 12 cerebral hemispheres was as follows:
slight, five hemispheres; moderate, three hemispheres; and
marked, four hemispheres. Further, leptomeningeal collateral
vessels from the PCA to the anterior circulation were noted in
eight cerebral hemispheres (67%) (Fig. 1), but in hemispheres
that manifested occlusion of the PCA, no leptomeningeal

PosTERIOR CIRCULATION IN MovyAaMoYA Disease « Yamada et al.

FIGURE 1. Images of a 10-yr-old boy
with moyamoya disease. Right inter-
nal carotid arteriograms in frontal (A)
and lateral (B) projections show that
the right intemal carotid artery is oc-
cluded and that the anterior cerebral
artery and middle cerebral artery are
also occluded. Marked MMVs are
seen, and peripheral branches of the
anterior cerebral artery and middie
cerebral artery are delineated by the
collateral vessels. Left intemnal carotid
arteriograms in frontal (C) and lateral
(D) projections show that the left distal
intemal carotid artery and proximal
middle cerebral artery are markedly
stenotic and that the left anterior ce-
rebral artery is occluded. Marked
MMVs are seen. (E) Left vertebral ar-
teriogram in a frontal projection
shows that the branches of both
PCAs are enlarged and have sent
numerous leptomeningeal collateral
vessels to the anterior circulation. (F)
Axial SPECT images show that there
is no area of decreased rCBF. (G)
Axial T1-weighted MR image (600/20)
shows MMVs (arrows), but no ische-

collateral vessels from the PCA to the anterior circulation were
seen (Fig. 2).

As shown in Table 3, the rCBF in the temporal, parietal and
occipital lobes was significantly higher when leptomeningeal
collateral vessels were present in contrast to when they were not
(p < 0.05, p < 0.001 and p < 0.01, respectively) (Figs. 1 and
2). Further, the rCBF in the frontal lobe and basal ganglia was
also higher when leptomeningeal collateral vessels were
present, but not significantly. Thus, the presence of leptomen-
ingeal collateral vessels was found to be closely linked to the
rCBF. On SPECT imaging, however, the grade of basal cerebral
MMVs did not significantly correlate with rCBF (Table 4).

Cerebral Infarctions on MR Images

Out of 12 cerebral hemispheres, cerebral infarctions were
found in five hemispheres (42%) (Fig. 2). Further, a cerebral
hemorrhage was also identified in one hemisphere (8%).

As shown in Table 5, the frequency of a cerebral infarction
significantly increased as the degree of the PCA steno-occlusive
lesions advanced (p < 0.01) (Figs. 1 and 2). Thus, the presence
of steno-occlusive PCA lesions appears to be greatly linked to
the occurrence of a cerebral infarction in moyamoya patients. It
also should be pointed out that the stage of steno-occlusive
lesions of the internal carotid artery bifurcation did not signif-
icantly correlate with cerebral infarction.
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FIGURE 2. Images of an 18-yr-old woman with moyamoya disease. Right internal carotid arteriograms in frontal (A) and lateral (B) projections show that the
right distal intemal carotid artery and proximal anterior cerebral artery are stenotic and that the right middle cerebral artery is occluded. Marked MMVs are
seen. Left intemal carotid arteriograms in frontal (C) and lateral (D) projections show that the left distal intemal carotid artery and proximal anterior cerebral
artery are stenotic and that the left middle cerebral artery is occluded. Marked MMVs are seen. (E) Left vertebral arteriogram in a frontal projection shows that
the right PCA is occluded and that the left PCA is markedly stenotic. Aithough MMVs are seen, there are no leptomeningeal collateral vessels to the anterior
circulation. (F) Axial SPECT images show extensive areas of decreased rCBF in bilateral cerebral hemispheres. Particularly, large perfusion defect areas
(arrows) are noted in the right frontal and parietal lobes. (G) Axial T1-weighted MR image (600/20) shows extensive infarctions, including hemorrhagic
infarctions, in the right frontal and bilateral parietal lobes. (H) Axial T2-weighted MR image (3,000/80) shows extensive infarctions in the right frontal and

bilateral parietal lobes.

DISCUSSION

In our six moyamoya patients, 7 of 12 PCAs (58%) had
steno-occlusive lesions. The rCBF (C/C ratio) in all five regions
of the cerebral hemisphere significantly decreased as the degree
of the PCA steno-occlusive lesions advanced. Thus, the pres-
ence of steno-occlusive PCA lesions appears to be significantly
linked to decreased CBF of moyamoya disease patients. No
significant correlation, however, was found between steno-
occlusive lesions of the internal carotid artery bifurcation and
CBF. These data indicate that cerebral ischemia in moyamoya

patients increases proportionally with the presence of steno-
occlusive lesions of the posterior circulation rather than with
steno-occlusive lesions of the anterior circulation.

The presence or absence of leptomeningeal collateral vessels
from the PCA to the anterior circulation closely correlated with
rCBF in the cerebral hemisphere. In moyamoya disease patients
with occlusion in both internal carotid artery bifurcations,
leptomeningeal collateral vessels become a major provider of
compensatory cerebral blood supply (/5,16), so that any de-

TABLE 2
TABLE 1 Stage of ICA Bifurcation Steno-Occlusive Lesion and rCBF on
PCA Lesion Grade and rCBF on SPECT Images SPECT Images
PCA Lesion Grade Stage of ICA Bifurcation Lesion
Normal Stenotic Occluded 2 3 4 5
Region (n=15) n=23) n=24) p value Region n=2 n=4) n=24) (n=2) pvalue
Frontal 81*5 711+20 65 *+ 14 <0.05 Frontal 80*5 70+18 78+*8 61 +18 ns
n=12) (n=12)
Temporal 90 *9 83+4 73+8 <0.01 Temporal 81+13 78*x12 87*11 84=*3 ns
(n=12 (h=12)
Parietal 92=+*6 89+4 72+8 <0.01 Parietal 86+15 8115 879 85+4 ns
n=12 n=12)
Occipital 1037 95 + 16 66 + 25 <0.05 Occipital 86+15 94+18 81 +37 951 ns
n=12 n=12
Basal ganglia 79+7 712 67+8 <0.05 Basalgangia 77+16 7011 74*4 743 ns
n=12 =12
Total 89 + 11 82+ 14 69 13 <0.0001 Total 82*+x11 79x16 81+x17 80*14 ns

PCA = posterior cerebral artery.

ns = not significant; ICA = internal carotid artery.
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TABLE 3
Leptomeningeal Collateral Vessels from the PCA to the Anterior
Circulation and rCBF on SPECT Images

Leptomeningeal Collateral Vessels
Absence Presence

Region n=4) n=28) p value
Frontal 65+ 14 77 13 ns
n=12
Temporal 73+8 87*8 <0.05
n=12
Parietal 72+8 90 =+5 <0.001
nh=12
Occipital 66 + 25 100 = 11 <0.01
n=12
Basal ganglia 67 +8 767 ns
n=12
Total 69 + 13 86 + 12 <0.0001

ns = not significant;, PCA = posterior cerebral artery.

crease in the leptomeningeal collateral vessels would critically
influence CBF. The subsequent decrease in the leptomeningeal
collateral vessels is due to progressive steno-occlusive lesions
of the PCA, and when the PCA finally becomes occluded,
leptomeningeal collateral vessels, which supply compensatory
blood flow to the ischemic brain, disappear, thereby resulting in
severe cerebral ischemia.

In contrast, the grade of the basal cerebral MMVs in
moyamoya patients did not correlate with the rCBF, and though
the presence of basal cerebral MMV is the most characteristic
finding in moyamoya disease (/,2), the contribution of the basal
cerebral MMVs to CBF appears to be far lower than that of
leptomeningeal collateral vessels.

As for MRI results, the frequency of cerebral infarction
significantly increased as the degree of steno-occlusive lesions
of the PCA advanced. Thus, the presence of steno-occlusive
PCA lesions appears to be significantly linked to the occurrence
of cerebral infarctions in moyamoya disease patients. As was
noted previously, no significant correlation was found between

TABLE 4
Basal Cerebral MMVs and rCBF on SPECT Images
Basal Cerebral MMVs
Slight Moderate Marked
Region (n=5) h=3 h=4 p value
Frontal 73+14 815 67 +17 ns
(n=12)
Temporal 87 +12 83=*7 7710 ns
h=12)
Parietal 87+9 90 *+6 77 13 ns
(nh=12)
Occipital 93 *+10 99 *+ 18 75 +34 ns
(n=12)
Basal ganglia 75+8 75+9 69+9 ns
(n=12)
Total 83+ 13 86 + 12 73*17 ns

ns = not significant; MMVs = moyamoya vessels.
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TABLE 5
Angiographic Findings and Cerebral Infarction on MR Images
Cerebral Infarch
Angiographic findings h=7 (=75 p value
PCA lesion
Normal (n = 5) 5 0
Stenotic (n = 3) 2 1 <0.01
Occluded (n = 4) 0 4
Stage of ICA bifurcation
2h=2 2 0
3n=24) 2 2
4n=4 2 2 ns
5h=2) 1 1

ns = not significant; PCA = posterior cerebral artery; ICA = internal
carotid artery.

steno-occlusive lesions of the internal carotid artery bifurcation
and a cerebral infarction.

CONCLUSION

The rCBF in moyamoya patients decreases proportionally
based on the degree of steno-occlusive lesions of the PCA.
Therefore, if the degree of steno-occlusive PCA lesions is great,
a decrease occurs in the leptomeningeal collateral vessels to the
anterior circulation, thereby causing severe cerebral ischemia
that is likely to result in an infarction.
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