
(Cr),andtheclinicalusefulnessofrCBFstudiesbyPETor
SPECT in patients with moyamoya disease has also been
reported (8,9).

Acetazolamide is a vasodilative agent which causes in
creases of regional blood flow in normal tissue and in
ischemic regions supplied by a stenotic artery which reacts
to acetazolamide. However, this agent cannot produce ef
fects in an ischemic region where an artery does not react
with acetazolamide. Therefore, these regions appear as
relatively low perfusionareas comparedto areas of normal
tissue and ischemic regions which react to acetazolamide
(10â€”17).The acetazolamide test is a useful method for
detecting affected regions because of better discriminative
images between normal and ischemic lesions. Its useful
ness has been reported in patients with cerebroocclusive
disease (12â€”15);however, clinical application of IMP
SPECF with the acetazolamide test in moyamoya disease
has not yet been reported. We describe the usefulness of
brain SPECT in patients with moyamoya disease and dis
cuss the clinical usefulness of the acetazolamide test for
detecting the reactivity of cerebral blood vessels.

MATERIALSAND MEIHODS

@nS&@
Data were acquired for 9 normal controls and 16 patients (7

malesand9 females)who hadmoyamoyadiseaseandwho pre
sented with ischemic symptoms. The patients' mean ages were
16.7 yr Â±11.2 yr (mean Â±s.d.). Moyamoya disease was diag
nosed by cerebral angiography in all patients as proposed by
Suzuki et al. (7). IMP SPECF was also performed on normal
controls in three different age populations. They had both CF

examinationsandIMPSPECFbecauseof abnormalEEGSafter
head traumaor clinical symptoms such as epilepsy, where IMP
SPECF and CF showednormalfindings.

IMP SPECTProcedures
A ring-typeemissioncomputedtomograph(SET-031,Shi

madzuCo.,Kyoto,Japan)andaminicomputersystem(ECUPSE
S-120, Nipon Datageneral Co., Tokyo, Japan) were used. The
cameraconsistedofa gantryassemblywith64scanningdetectors.
This system had three ringsand simultaneouslyacquired 12par
allelsliceswitha center-to-centerinterslicedistanceof L7 cm. A
high-resolutioncollimatorwas used. Iodine-123-IMP(111MBq)
was injectedintravenouslyandSPECFimageswereobtained20
mm postinjection. In each slice, 600 kcts were acquired. Acqui
sition times were 15â€”20mis. The raw datawere reconstructedby

Westudiedtheusefulnessof IMPSPECTw@iacetazolamidein
16patientswithmoyamoyadisease.Cerebralangiographywas
performedfor all patents who were classified in three grades
accordingto theirangiOgraphICstages.Methods:Techniques
usedindudedring-typeemissioncomputedtomographywitha
minicomputersystem.Patientsrecehted111 MBqof 1@l-lMP
and SPECTimageswereobtained20 mmposbnjectkn.Nine
pa@entswere studiedu@ngiodoamphetan*ie(IMP)SPECT
wffli and wfthoutacetazc@amide.IMP SPECTw@iacetazo
lamidewas performed20 mm after each injecdonof 1 g of
acetazolamide.Results:Lowperfusionareasin the upperand
lowerfrontal,parietalandtemporalregionsin grades2 and3
ualngIMPSPECTwereobserved.Themeancerebral-to-care
belieractivityratios(C/Crabo)of six regions(upperand lower
frontal,temporal,parietaloccipitalandbasalganglia)in grades
1,2 and3 were0.96to 1.06,0.91to 0.96and0.76to 0.88,
respecthtaly.Conclusion: Our resuftsind@atethat measure
marl of reg@nalcerebralt@oodflow (rCBF)eluddatescerebral
hemodynamicfactors,indudingthereactivityofcerebralvessels
wh@hcannotbedetectedangiographicallyinpatientswithmoy
amoya disease, and that the acetazolamide test is useful for
detecbngcerebralbkod flow reserve.Thetestcanbe usedto
detect disease progress prospectively.

Key Words: bc
bralbloodflow

J Nuci Med1994;35:44-50

moyamoyadIsease;cere

PECT imaging of the brain with N-isopropyl-p-['@IJ
iodoamphetamine (IMP) reflects regional cerebral blood
flow (rCBF) and has become a routine diagnostic proce
dure for cerebrovascular disease, brain tumors, dementia
and other diseases of the brain. Its clinical usefulness in
these etiologies has been reported elsewhere (1â€”6).

Moyamoya disease is a cerebrovasculardisorderinvolv
ing the distal portion of the internal carotid artery with
basal telangiectasias comprising dilated collateral lenticu
lostriate and thalamoperforating arteries (7). The abnormal
findings of rCBF images are usually larger than regions of
low density lesions observed in computed tomography
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GradeAnglographicstageNo.
of

hemispheresAge
@yr)

(meanÂ±s.d.)1Stage0â€”2521.2Â±16.32Stage319152Â±9.23Stage4â€”5817.5Â±11.1n

= 16;numberofhemispheres=32.

filteredbackprojectionusing a 64 x 64 matrixwith a Ramachan
dran-Butterworthfilterwith an orderof 8 and a cutoff frequency
of 28mm.Thefullwidthat halfmaximwas 15mmin thecenter
of the gantry by phantom study.

DataAnalysis
Distiibufion ofLow rCBFAreas. Thirty-two hemispheres of 16

patientswere classified in three grades accordingto angiographic
stagesas reportedby Suzukiet al. (7). Accordingto theirreports,
theangiographicfindingsof eachstageareas follows:

Stage 1. Narrowingof the carotid fork.
Stage 2. Dilatationof the mainintracerebralarteries.May

amoyavessels are observedover the carotid fork.
Stage 3. The defectionof the middleand anteriorcerebral

arteries. The moyamoyavessels are clearlydemon
strated.

Stage 4. Occlusionof the internalcarotidarteryextendsas far
as thejunction ofthe posteriorcommunicatingartery,
and finally, the posterior cerebral artery. The moy
amoyavessels becomerough.

Stage 5. All of the mainarteriesarisingfromthe internalca
rotid artery completely disappear. The moyamoya
vessels are limited to the syphon and are minimized
and have a tendency to be reduced.

Stage 6. The syphon of the internalcarotid arterydisappears
completely and the original moyamoya vessels are
alsocompletelymissing.Inadditionto thesestages,
patients in the present study included stage 0 on right
side in a case with unilateral moyamoya disease
whose angiogramwas normalon the rightside.

Three groups are shown in Table 1. Mean ages of these
three groups did not significantly differ (p > 0.05). IMP
SPECF images were analyzed by two experienced observ
ers without previous knowledge of angiographicstages.

Cerebral-w-CerebellarRatios. The circular ROIs were set on
SPECT images in the upper and lower frontal, temporal, parietal
andoccipitalregions,andthebasalganghiaandcerebellarhemi
spheres (Fig. 1). The size of the ROIwas 20 mm in diameter,and
themeanvaluesof twoorthreeROIsinsix regionsincludingthe
upperandlower frontal,temporal,parietal,occipitalandthebasal
ganglia were calculated. Cerebral-to-cerebellaractivity ratios
(C/C ratio) were estimated by dividing counts in the regions by
those in the cerebellum. Values were estimated as mean Â±s.d.
accordingto grade.

C/C Ratios in IMP SPECT with the Acetazolamide Test. IMP
SPEC!'withacetazolamidewasperformedin ninepatients.To
obtainIMPSPECFwithacetazolamide,imageswereobtaineda
secondtimewithin1wk afterthefirstscan.Thesamedoseof IMP
was injected 20 mm after intravenousinjection of acetazolamide

TABLE I
Classificationof Grade

(C) (D)
FIGURE 1. ROtsin eachbrainslice.(A)Orbitomeatalplane.(8)
34 mm aboveorbitomeatalplsne. (C) 51 mm aboveorbitomeatal
plane.(D)68 mm aboveorbitomeatalplane.1 = cerebellum,2 =
lowfrontalcortex,3 = highfrontalcortex,4 = temporalcortex,5 =
parietalcortexand 6 = occipitalcortex@

(1 g). Data acquisitionswere done using the same instrumentsand
procedures as those for IMP SPECF without acetazolamide.

Sta@sdce
Datawere reportedas means Â±s.d. Meansfor agegroupswere

comparedusingthenonpairedStudent'st-test.TheC/Cratiosin
six regionsbased on IMP SPECF imageswithoutacetazolamide
were also comparedusingthe nonpairedStudent'st-test. The
paired Student's t-test was used for comparingC/C ratios in six
regions based on IMP SPEC!' images with and without acetazo
lamide.

RESULTS

Dlstilbutbons of Low rCBF Areas In IMP SPECT
The numbersof low rCBF regions in the 16 patients are

shown in Table 2. The frontal and parietal lobes were the
most affectedareas, but low perfusionareaswere observed
in all of the anteriorand posterior circulation regions, the
numbers of which ranged from 4 to 9 out of 16 hemi
spheres. There was no lateralityin the numbersof affected
areas. Table 3 shows the distributionof low rCBF areas
according to grade. In grade 1, low rCBF areas were not
observed except for one parietalregion on one side in one
patient. In grade 2, from 3 (15.8%) to 8 (42.1%) of 19
hemispheres showed low rCBF, which was observed most
frequentlyin the frontalregion (42.1%)and less frequently
in the basal ganghia(15.8%). In grade 3, low rCBF areas
were observed in more than5 (62.5%)of 8. The percentage
of low rCBF areas increased in proportionto the severity
of the respective grade.
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AreaRightLeftFrontal97Upper95Lower47Temporal56BasaIgan@la54Parietal75Occipital55n

= 16;numberofhemispheres=32.

GradeNo. of hemispheresFrontalTemporalParletalOccipitalBasalgan@iaUpperLower1

2
35

19
80

8 (42.1%)
6 (75%)0

6 (31.6%)
5 (62.5%)0

4 (21.1%)
7 (87.5%)1(20%)

5 (26.3%)
7 (87.5%)0

5 (26.3%)
5 (62.5%)0

3(15.8%)
6(75%)n

= 16; number ofhemispheres= 32.

TABLE 2
Distributionof LowrCBFAreas

Case Reports
Figures2A and B show rightand left cerebralangiogram

from a 6-yr-old boy. He was admitted to our hospital be
cause of transient ischemic attacks (hAs) of aphasia and
hemiparesis of the right upper extremity. Angiographic
stageswere grade1 (Stage1)on the right sideandgrade2
(Stage 3) on the left side. Figure 2C shows IMP SPECT
images without acetazolamide. Activities were slightly de
creased throughout the entire left cerebral hemisphere.
The C/C ratios rangedbetween 0.89 and 1.03.

Figure 2D shows results of IMP SPECF with acetazo
lamide in the same patient as was shown in Figure 2C.
There was markedlydecreased activity throughoutthe en
tire left cerebral hemisphere in comparison with IMP
SPECF images without acetazolamide. The C/C ratios also
decreased between 0.73 and 0.88, except for those in the
occipital region.

Figures3A and B show rightand left cerebralangiogram
from a 10-yr-oldgirl. She had been complaining of head
aches and TIM consisting of unconsciousness for 2 mo.
The angiographic stages were grade 2 (Stage 3) on both
sides. Figure 3C shows IMP SPECF without acet
azolamide. Activity decreased slightly throughout the en
tire left cerebral hemisphere. The C/C ratios were between
0.73 and 0.80. Figure 3D shows IMP SPECT images with
acetazolamide. There is decreased activity in the left and
right frontal regions and in the left temporal region when
compared with IMP SPECF images without acetazo
lamide. The C/C ratios also decreased between 0.58 and
0.64. Activity increased slightly in the left occipital region
and in the left basal ganglia. The C/C ratios changed from
0.78 to 0.80 and from 0.73 to 0.83, respectively.

DISCUSSION

Moyamoya disease is a rare cerebrovascular disorder
involving the distal portion of the internal carotid artery
and/or the circle of Willis with basal telangiectasias corn
prisingdilated collateral lenticulostriateand thalamoperfo
rating arteries (7A 18â€”20).The name mcyamcya (â€œpuffof
smokeâ€•)was derived from the angiographicappearances
of the cerebrovascular abnormalitiesof collateral vessels.
The initial symptoms at onset are a neurological deficit
which is caused by ischemic changes in the brain or by
subarachnoid hemorrhage (21,22). The disease progresses

C/CRatiosInIMPSPECT
Tables 4 and 5 show estimates of mean C/C ratios in

each region according to age and grades, respectively.
There were occasional decreases according to age in nor
mal controls, but these were not significantlydifferent. In
moyamoya disease, the mean C/C ratios rangedfrom 0.96
to 1.06 and from 0.91 to 0.96 in grades 1 and 2, respec
tively. The mean C/C ratios in grade 3 were relatively low
(0.76-0.88) compared to those in grades 1 and 2. The C/C
ratios in stage 2 were significantlylower thanthose in stage
1 in one (temporal)ofsix regions, andthose in grade3 were
significantly lower than those in stage 2 in three (upper
frontal, temporal and parietal)of six regions, and those in
stage 3 were significantly lower than those in stage 1 in all
regions. The mean values had a tendency to decrease as
the stage of the groups increased.

C/C Ratiosin IMP SPECTwithAcetazolamideTest
Table 6 shows comparisons of the C/C ratios with and

without acetazolamide amongnine patients. In grade 1, the
mean C/C ratios of IMP SPECF without acetazolamide did
not differ significantly from those with the acetazolamide
test. There were significant differences between the two
C/C ratios in the upper and lower frontal, parietal and
temporal regions in grade 2. Although most of the mean
C/C ratios of IMP SPECF with acetazolamide were lower
than those without acetazolamide in grades 2 and 3, there
were no significantdifferences between the two C/C ratios
of the basal gangliaand the occipital region in grade 2, and
between the two C/C ratios of all six regions in grade 3.

TABLE3
Distilbutionof LowrCBFAreas
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Age
(yr)No. ofhemispheresFrontalTemporalParietalOccipitalBasalgangliaUpperLower7.5Â±1.541.04Â±0.081.05Â±0.101.09Â±0.051.02Â±0061.08Â±0.161.00Â±0.03n.s.15.0Â±2.960.98Â±0.041.01

Â±0.080.99Â±0.061.00Â±0.060.97Â±0.050.96Â±0.06n.s.36.7Â±11.580.95Â±0.060.97Â±0.os1.01Â±0.040.95Â±0.060.94Â±0.070.94Â±0.05n.s.Values

aremeans Â±s.d.

FrontalTemporalParletalOccipitalBasal

gangliaGradeUpperLower11

.03 Â±0c@t1 .03 Â±O.061 .06 Â±O.05@0.98 Â±o.or0.95 Â±O.06@0.96 Â±0.04k20.92
Â±O.l3@0.90 Â±0.17k0.96 Â±0.08w0.95 Â±0.070.91 Â±O.O6@0.94 Â±0.08k30.80
Â±O.l2@t0.83 Â±0.170.79 Â±O.120.76 Â±0.1?0.84 Â±O.l2@088 Â±0.05k*p

<0.05.tp
<0.01.$p
<0.001.Values

aremeans Â±s.d.

TABLE 4
C/CRatiosAccordingtoAgeinNormalControls

slowly and there is no effective treatment. Moyamoya dis
ease is diagnosed angiographicallyand follow-up examina
tions are necessary to evaluate disease progress. Although
bilateral involvement by this disease is common, cases of
unilateral involvement by moyamoya disease have also
been reported(18). Ourpresent study includedone case of
unilateral moyamcya disease.

The CT findings in this disease consist of low density
regions which indicate brain infarction due to stenosis or
obstruction of a cerebral artery (23). Frontal and parietal
regions are frequently affected. Ischemic lesions on CF or
MR images consist of cerebral infarction, brain atrophy
and ventricular dilatation (24â€”28).In the present Study,
low rCBF areas were observed most frequently in the
frontal and parietal lobes. However, the basal ganglia and
occipital regions were involved less frequently. The abnor
mal findingsof rCBF images are usually largerthanregions
of low density lesions observed in CT (27).

The C/C ratios of the regions decreased accordingto the
grades, especially in the upper and lower frontal, temporal
and parietal regions. Only the temporal region showed
significant differences between the C/C ratios in grade 1
and those in grade 2. Three regions (upperfrontal, tempo
ral and parietalregions) showed significantdifferences be
tween the C/C ratios in grade 2 and those in grade 3. All
regions differedsignificantlyaccordingto the C/C ratios in
grade 1 and those in grade 3. These results showed that the
C/C ratios and grades correlate well in the peripheralre
gions suppliedby the anteriorand middlecerebralarteries,

but that the posterior circulation regions, including the
occipital region and basal ganglia, are less affected because
these regions are supplied by branches of the middle and
posterior cerebral arteries. These findings are compatible
with data reported previously (8).

Kuwabara et al. (9) reported that the right side was
involved more frequently than the left side in unilateral
mcyamoya disease, and that areas of low rCBF lesions on

the rightside were largerthan those on the left side, even
in bilateral mcyamcya disease. However, there was no
lateralpredominanceof affected areas in our study.

Denays Ct al. have reported that rCBF changes accord
ing to age (29). The C/C ratio is small in a 1-mo-old baby,
however, this ratio increased from age 2 mo to 1yr; it then
decreased slightly until young adulthood and decreased
gradually thereafter. The change is small after 2 mo corn
pared to before 2 mo of age. Our study included a 4-yr-old
boy, but the other patients ranged in age from 6 to 46 yr.
We thinkthatthere is little effect on C/C ratiosby changing
rCBF values due to aging when compared to individual
differences as shown in Table 4.

Lassen et al. (11) reported the effect ofacetazolamide on

rCBF. Acetazolamide causes significant increase of rCBF,
which reduces symptoms of acute mountainsickness. The
usefulness of the acetazolamide test in cerebro-occlusive
disease has also been reported (12-14). Vorstrup et al.
reported that acetazolamide is valuable for detecting re
duced rCBF reserve in patients with occlusive carotid dis
ease (12). Acetazolamide is a vasodilator which offers the

TABLE 5
C/CRatiosAccordingto Grade

47BrainSPECTin MoyamoyaDiseaseâ€¢Hoshiat al.



GradeFrontalTemporalPaIIetaIOceIPftaIBasalgangliaUpperLowerMetazdan@de(-)Gradel1.07Â±0.071.07Â±0.071.06Â±0.030.95Â±0.070.95Â±0.030.98Â±0.04Grade

20.95 Â±O.O9@0.94 Â±0.07@0.97 Â±0.O9@0.94 Â±O.08@0.91 Â±0.060.94 Â±0.08Grade
30.78 Â±0@14@0.88 Â±0.04@0.87 Â±0.05*0.75 Â±0.04@0.89 Â±0.050.89Â±0.08Acetazolamide

(+)Gradel1_o3Â±o.oltl.o9Â±o.o2t1.05Â±0.05*O.geÂ±O.O6t0.97Â±0.041.03Â±006Grade

20.76 Â±O.lO@0.80 Â±O.l2@0.87 Â±0.18k0.82 Â±0@13@0.91 Â±0.080.92 Â±0.12Grade
30.75 Â±0.100.82 Â±O.08@0.83 Â±0.05*0.72 Â±O.OS'0.89 Â±0.120.90 Â±0.07*p

<0.05.tp
<0.001.Values

are means Â±s.d.

TABLE 6
C/C RatiosWith and Without Acetazolan@de

convenience of intravenous administration with rapid on
set of vasodilation. Maximum response occurs approxi
mately 25 mm postinjection and has a half-time of 90 mm
(15).

Acetazolamide studies in cases of normal vasculature
demonstrate a range of increase of rCBF of 57%â€”70%(16).
The possible mechanisms involved include inhibitionof the
enzyme carbonic anhydrase in the brain parenchyma,
which causes acute decrease in pH. The effect of acetazo
lamide on rCBF is probably explained by a decrease in
brainpH. Thus, acetazolamide causes an increase in rCBF

FiGURE 2. (A)Rightand (B)leftcerebral
angiogramfroma 6-yr-oldboy.Narrowingof
the rightcarotidfork isobservedwithoutate
nosisor obstructionof the branchesin the
rightantenorandmiddlecerebralarte.y.The
defectsof the middleand antedorcerebral
aiteries are observedin the left side. The
moyamoya vessels are clearly demon
strated. The anglographic stages were
Group I (Stage 1) on the right side and
Group2 (Stage3) on the leftside. (C) IMP
SPECTimagebeforeacetazolamide.Actlv
itydecreased slightlyin the entireleftcare
bral hemisphere.C/C ratios are between
0.89and1.03.(D)IMPSPECTimageafter
acetazolamide.ActMtydecreasedmarkedly
In theentireleftcerebralhemisphere.C/C
ratiosalsodecreasedbetween0.73and
0.88, exceptforthose in the occipital region.

without change of the flow distributionin normal subjects
(16). Although acetazolamide can also cause increases of
regional blood flow in the brain, it cannot cause such in
creases in blood supply in ischemic regions or even in
normal regions where there are no cerebral blood flow
reserves. Decreased reactivity to acetazolamide is thought
to be due in large part to a decreased cerebral vascular
reserve secondary to vasodilation in the resting state as a
compensatory mechanism for proximal stenosis and/or oc
clusion (13). This results in relatively low activity regions
compared to blood flow in normal tissue.

L
U

u=
L=

U
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A

FIGURE 3. (A)Rightand (B)leftcerebral
â€” anglogram In a 10-yr-old girl. The defects of

them@e andanteriorcerebralaitedesare
observedon both sides. The moyamoya
vesselsare alsoclearlydemonstrated.The
angiographicstageswereGroup2 (Stage3)
onbothsides.(C)IMPSPECTimagebefore
acetazolamide.ActMtlesdecreasedslightly
in the entire left cerebral hemisphere.C/C
ratiosare between073 and 0.80. (D) IMP
SPECTimageafteracetazolamide.rCBF
decreasedmarkedlyinthe leftandrlghtfron
tel regionsandthe lefttemporalregion.C/C
ratios also decreasedbetween 0.58 and
0.64. Activitiesincreased Slightlyin the left

U= ocxI@ regionand the left basal ganglia
L C/Cratloschangedto0.8OfromO.78and

U 0.83 from 0.73, respectively.

D

L=
U

The acetazolamide test can detect low rCBF reserve
regions because of relatively highcontrast images between
normalor ischemic lesions with reactive vessels and those
with no reactive vessels. Hyperventilation is also used to
evaluate the cerebral blood flow reserve, because de
creased PaCO2in the arterialblood after hyperventilation
causes constriction of the cerebral artery (30). However,
this procedure can be dangerous in some cases and it
requires the patient's effort. Quantitativeanalysis of IMP
SPECF is also difficult because the degree of decrease of
rCBF depends on the degree of such effort by the patient.

In the present study, mean C/C ratios without acetazo
lamide in grade 1 were not changed after acetazolamide.
The mean C/C ratios in grade 2 were lower than those in
the upper and lower frontal, temporal and parietalregions
after acetazolamide and they were statistically significant.
This shows that cerebral vascular reserve in these four
regions decreased in grade 2. Therewere cerebralvascular
reserves in all six regions of grade 1 and in the occipital
region and the basal ganglia in grade 2. These results indi
cate that perfusion in the posterior region and central re
gion around the basal ganglia which are supplied by the
moyamoya vessels or the posterior cerebral artery, con
sists of a perfusion reserve exceeding that of the other four
regions in grade 2. In other words, relatively low rCBF
reserves were observed in the anterior circulation areas.

The C/C ratios in all six regions did not change much in
grade 3. C/C ratios indicate relative activity which de

creases in regions with low rCBF reserves in comparison
to normalor ischemic regions without vascular reactivity.
We speculate that this is a result of the reactivity of cere
bralvessels to decreases in acetazolamide throughoutthe
entire brain in grade 3 is useful.

In conclusion, IMP SPECF imaging is useful for evalu
ating rCBF in patients with moyamoya disease. The ac
etazolamide test is useful for detecting cerebralblood flow
reserve, including that in normal rCBF regions. The test
can also prospectively detect disease progress.
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