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Table 1 Subjects and their clinical features and radiological findings

Case Age clinical major duration from angiographic

no. /Sex type symptoms onset (yrs) stage

1 15/F TIA involuntary movement of R hand 5 R3,L5

2 21/F TIA numbness of R hand 13 R3,L3

3 22/F TIA weakness of L limbs 10 R3, L4

4 23/M TIA weakness of R hand 13 R4,L3

5 47/F — Headache 1 R3, L4-5
R: right, L: left, TIA: transient ischemic attack

o
& 3 4
*
> % 1,2: CEREBELLUM
3,4: TEMPCQRAL
= 10 S,6: FRONTALCA)
L 7:.8: STRIATUM
3“ 14 9,18: FRONTALC(P)
o - g o b
7 11,12 JCCIPITA
13,14 THRLAMLUS
15 15,16 PRRIETAL
o

Fig. 1 Regions of interest.
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flow void RREIR DFEAE F 72 ILFAEN A L 7zIIH
WM ERICRE 2RO o7, SRIORET
3/NBREFEFHORMIME CO, IEHD 7 — % Hik v
720, 8BIDH) EHEED IF (THE,S 13%) &
BRCISED S 4T ETO S B (et 4 B, B
16, FPHEREIEERE D 256L125%) 2R
& L7z, 2B digital subtraction angiography
(DSA) T 72 MM EHR 2 T MR N FBIIR (- = BEAR %
W LEAEL RO, F72, PETHRERICIZVT

Table 1 |2 S BIDOEERFTR B L CREFTRZ R

BRARRIZ 5 Bl 4 B125 TIA %! (transient ischemic
attack, —@MREM) TH Y, FEGIS 2B < 46)
TR /NEEICRE L ERITh o 72, 5Kk
59 OMERZI L 2HPHETII3I 2558
THY, 3oL RLE -7, dMERHE L
TIIRMME, MBREEICE, MERFEEE, MW
Mme, HEkEEERNLRE RLEE) [22»T
6% (TNTHEM, 2636 %, F3928.8+4.0),

BRIl CO, RIBHTId 7% (TXTHM, 2140
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Table 2 Hemoglobin, arterial PCO,, blood pressure on the PET study in normal control subjects
and patients with Moyamoya disease

blood pressure (mmHg)

hemoglobin PaCO, (mmHg)

group at rest CO:; load
(g/dh) - - - —
at rest CO; load systolic diastolic systolic diastolic
normal control 15.5+1.2 428+50 508=*15 12810 70£8 135+6 78+13
Moyamoya disease  12.5%£1.9# 425+4.1 489+4.1 141£32 80+ 18 155+29 87+9
(mean*SD), #: p<0.05
CBF OEF CMRO2
60
(ml/min/100ml) (ml/min/100ml)
50
99 Control
30 B Moyamoya
204
104
e 12 18 12 1818 18 |18 SR ERE S : 8 : FIEEE
F@ Fpp T P O St Th Cr F@ Fp) T P O St Th Cr F@ Fpy T P O St Th Cr
cBvV COz2 response
10 8
(ml/100ml) 7 (%/mmHg)
84
6
#:p<0.01
44 *:p<0.02
2 +:p<0.05
0~ 0

Fa@ Fp T P O St Th Cr Fa Fpp T P O St Th Cr Fa Fpy T P O St Th Cr

Fig. 2 The CBF, OEF, CMRO,, CBV, TT, and the CO: response in patients with Moyamoya
disease and normal control subjects. F(a): frontal (anterior), F(p): frontal (posterior), T:
temporal, P: parietal, O: occipital, St: striatum, Th: thalamus, Cr: cerebellum. The
CBF, OEF and CMRO:; of the Moyamoya patients did not differ from those of the
normal control subjects. The CBV increased in the cerebral cortices and striatum, but
not in the cerebellum. The TT was also significantly prolonged in the frontal (anterior)
and parietal regions. The cerebrovascular CO, response was markedly impaired in the
frontal, temporal and parietal cortices and striatum. However, it was relatively
preserved in the occipital cortex, thalamus and cerebellum.

B, T 281177 5%) OESA F - EEMORIE WTS5ATA4AARERFICAF Y~ Lz, Bl

F—y AV, &, MEFENEL L UORERHEERE H50 D

MRI i GE #t Signa (1.5 T) % F\» T1 543 H FRtAHE £ 50, DRI A % F v 7z 50 Ffgikem
R(TIWI) & T2 &FRAE% (T2WI) ZHE L 7. WCEDHlE L, T, CPOD—EKRAIZED
PET (2 HEADTOME-III (FWHM 8.2 mm) % f\>, B % SR 7212 2%, BB RIBEE B & UiNEE

OM line 12 F4T12+20, 35, 50, 65, 80 mm @ L X FHBEE*INMEE CTHIE LY, R EBRE
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a
CBE
(rest)
CBEF
(CO¢ load)
co
respot
map
b

Fig. 3 (Moyamoya disease, a 23 year-old male) The CBF, OEF and CMRO; images did not
show any abnormalities. The CBV image showed an increase in the CBV over the
cerebrum (Fig. 3-a). The CBV values were 5.5 to 9.2 m//100 m/ in the cerebral
cortices, and 4.4 and 6.3 m//100 m/ in the striatum and thalamus, respectively. The 5%
CO;, loaded CBF image and response map showed a decrease in the CO; response in
the cerebral cortices, and a relatively preserved CO, response in the occipital cortex,
thalamus ( 1) and cerebellum (Fig. 3-b).
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mmHg & 7: ) ORRMFEEME 2 HE L. PR
BHE & AR E OREEIZE B X U dispersion D
IEid lida 5 DHED 12X o785, BIEIEANE
BrEEHS L72L 0L A ERETEfiR x —
HEEBHIETMEL. T2, ANBEED dis-
persion (ZERR (MEMW) ENEHR (F2—TM)
¥ EbE =10 T—BICHELL. &b, %4k
Y AT L TOHERRTO dispersion D ERIEIL T
=25 ThH o7z, REIGMELLIC TEERTIE
KEREONR, *TEEBECIE ERBIRICH —2— L %2 4F
AL, 5O FfEk CIITERBUAHRE = & 257 F I
ELK 6T BT YINE L. BRIMIZ 1-
2HMMRTIAF Yy ydHoh 45ERML, Th
O DOMETHERE DOFELXFTEICH V. H50
R— 5 AEEHETIZ 740 MBq # 10 W THIEL,
FHHBRE= Y O LRARKGLE EDIIAF Y %
s L, 75 M7 — yIUE L 7. RIKREICKBEED
R % 7203 EREEIAR £ D 15 ml/min O EE THRAGER
ML, X—=%A 5 CENRIMBESTRERRE % B %E
L7z, CO, BT, 5% CO, W AR 2 5% &
DRt % fE L7z, BIIRMRAR Y A 0B L U
MAEIEAF ¥~ BAGR E A THRICHIZEL, MEE
L7, Kby & AMRRRIE R 1S D ED
HREZHIT. 2B, RECHIZ-oT3EplEE
FLRREORERG.

7 — & WLFETIX PET Mg L ICHTTEZE (ATER, 1%
&), MISHZE, JHTAZE, RFH¥EE, SUKDB L U/
214X 18 mm, 10X 18 mm X 72(X 14X 14 mm,
MERTIZIZORARITIE - 72 B0 388 % Fig. 1 D
TULRRELE. Cho0EIEAFESL, BE
Braoryiro— ) vEEE B LZ. HEHLEIZ
Student’s t-test ¥ 72{& Welch’s t-test with unequal
variance * Fi\27-.

. # 2

Table 2 |~ PET REBOEE B X UREOA
E/U0E Y, BRMKET A DES X OCMEDF

Wl R A RS, BRI TR 2 R D BYAR (ML ik
BEHADFEICEZEB L bO— VEETEEEL
W, NEZFOEVIZBEROSFVAEICKDY -
1=,

Fig. 2 \(ZREFEH L EYEVRBEOMMME, M
FRFIEHCE, RMFHEE, RNEE, @8k
B L URME CO, et DFHlE IZERE % R
T, WMEEIREEHE EYEVRECTEL L
Moz, MEEFREREIEEF TRLBV MY
HolhBEEEI o7, WEEHEEICLE
BEE3 b o7, BMEEIZEYEVREO KM
BEB L UOBERTERIIHEML TWoAs, /M
TIEV o7, BERHEIIATHE LHIEET
BAEIET LT, BE Co, RILMILHIHE
¥, MIEE, AEFECEHIET LW, &
FHEE, DRTIREBMR T,

Fig. 3-a |2 "0 FETHE LAEVYEYRE
& GEP 4, 23 &, BN OKHKMTE
(CBF), MiF&FENE (OEF), WMEREHEE
(CMRO,), it E (CBV) % 7/~9 . Fig.3-b Il
H,"0 K— 7 AFEETHIE L - KHiFB L U8 5%
CO, BB KM E (CBF) & CO, Kt
xRy, MR, REERFEEICE, MREHEE
VIR REEZOL v, BRIMEE (CBV) ik
Bt K B AT 5.5 A5 9.2 ml/100 ml, #RSfRE X
UHKTENRZFN 44, 63 ml/100ml E¥EML T
W5, BRI CO, BUSHE IR/ R IR T3 L ERY
RINTVEH, KINEEEBRTEEIETLT
W5, %8B, 5% CO, BffIZ L h PaCO, & 12.2
mmHg ¥ L 7.

Iv. # k3

EYVEVHORIERAHIZE L T 3Xe clear-
ance 'Hf”", N,O Him’ 133X e U&}\‘Hi””, 123]_|MP
SPECT", PET® 2 &% HWTEH L OHmENDH
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ERLHMAERITIDONENI EhL, Thbk
2 2 WVIEFI O A TRATE SRS & MG L i3
EEZSDHMAMRDY %\, Takeuchi 5213 CT 12 &
HREFTEYEYHESE 18 Bl 14 FlIARR U
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RO, FBH 4FLIIL 3ENS 3EORBTE
BUARBIUEATH IR L - e G L TWwa, 72
BHESO|EY Tid 1055 8 Bl CT THZEE
72idHHM%, MRI Tt 10 BIE&BICRE 207
EHELTWVWS., bbb Oz TdH PET % 1
L2496 41 BlLCHEER M A RD /-2 &0
5, MRER, BEIOSOHBPLHEHIZS X 578
MRI THESLHEMD 2V H DIZEEZFD 20% LI
TeEZLNS.

Taki 520 (X PET # BV 72 A 9 BlD R EEEED
BETC, BMMTOBERT, MmEEniEms #
JiIE (CBF/CBV) DK T HEYEYROMIBEIRD
BHTHLLBRTWE, L2LeYS, K&k
BEGIRL BB % & ATV -ORTEDORITIZ
REANTWZ WV, bhbiUuI/MEERLH MG % &
ATZNR S BIERKA 4 BID PET 12 & 54RE1 T,
ANBBITIIMGAAMET U, BB FIREE & Rk iK
EVWML 7225, RAGITIREAEER (CBV/
CBF) OANMER L, MM, MMEEREBERCE, K
MEE s DICHEELEBALN ozl %
W LA, SERFT LA 1SR Lo s BT
RHFRFORIMIT, MMEEFEIE, MEZEEE L
bIlar ro—VBEFEERC, NMOLBE%LK
{ E bbb NDLARIAT » 7R ABINZ BT B RS
CIIIZFICER TH o7z, LIzhT o T, KHIRIC
B L CIIBEFEOFEII3 L TIIIFED 2 MK AR
hTwaeEZ oM, T/, ROBREIKM
TIPS L 7228, MEOHEIMIZMER DL
REBBIMATEROEESES LTWEEEZ L
h, EARMOIERE &L IKERERET2RT
FMRTHEEEZZON. B, SEOKRET
i3, BERLREHCELLRIPAESDEY
BREICHO»ZEDSH Y, RO, RMEERERE
EDICEER TR VIS H 522, £, B
EHOAVHE L DMBEHLIEDTH S, B
FEIRICELTIHEICL ) SOIREBHICE
DLEZZONBIEPLABEERIZVEV) 4
BIZBIEELWEEZEZONT.

CO, (3587 % P EYLRIEA A L, hyper-
capnia (239 5 RS MHEIC & D IBRFieee 2 5FME T

32 % 12 5 (1995)

2%, EF 593 3Xe clearance i, B 5D (&
13Xe SPECT ¥ IV EYEVHEEIIBWV T CO,
RICHIPMETLTWwWAZ Ex LA 72, A1
HIZ®7 %25 40 RETOHIDEYEVHE
FZBWTPET © AV RINLE CO, RIGH % €
L, BRABIOEPLDETLTCWAZ 2 EmEL
7z. BH LM IEPET I X ARRETT, 9EA5 60
HBETOSBFIOEYEYHEEIZB VT hyper-
capnia XX 5 RICHIIEE I TV 2D,
hypocapnia (2X¥ 5 RIEtEd R THH, Y
EVHTIIWOEOIRMEDVEE SR TVD LR
HLA LeLids, IThH0REFIVThd
MRI %% R ¥ 5 LR AT b 72 b DAKREBDTH
D, BMEERECOVWTEESICREIA TV
V. S EIORKRE T MRI THEESCHIM % 20 %
WL DDHE IR E L7ABRIE CO, RISHEIE K
BEECTEHIETLTEY, S0L)ICHMER
WCBEOLWEEZ GNDEFIZB VT HRNER
FHEEIMET L TWA I LA RTHERTH /..
AN 52 1% Xe-enhanced CT % V>, MEHHFIC
X B RHANSHESTT 5 12 ERIME CO, RUSHEAHTRITH
ETERTIAIEE2HEL T2, SEDIEF]
B3HIDBDOHNEL, ZOEICELTRITTE 2
ol Fio, EAIANCAB &, R IATREET
B RICHRR-NAEMIZH D, BALD
DFEREDL—HL, TYEVHTII anterior circu-
lation ASfEE X M, posterior circulation (IR 7- 1L
5108 Z L AR T MEEDOB S5 DT 5
ERTHo.

Pk, BEZIEERRMNE EOREFHRE
DRVEZEZONAEFICEVTLEVEYHT
IRERTREEIIBHO KT L TR Y, BEE
HREE 2 ROL ETERBTRESALEZDL
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Summary

Cerebral Hemodynamics and Metabolism in Patients with Moyamoya Disease
Not Demonstrating Either Cerebral Infarct or Hemorrhage on MRI

Yasuo KuwaBara*, Yuichi IcHiya*, Masayuki Sasaki*, Yuko AKASHI¥,
Tsuyoshi YosHipa*, Toshimitsu Fukumura*, Kouji Masupa*,
Toshio MATsusHIMA** and Masashi Fukur**

*Department of Radiology, ** Department of Neurosurgery, Kyushu University Faculty of Medicine

We evaluated the cerebral hemodynamics and
metabolism in Moyamoya patients who did not dem-
onstrate either cerebral infarct or hemorrhage on MRI.
The subjects consisted of 5 patients with Moyamoya
disease (4 females and one male, aged from 15 to 40
years). The CBF, OEF and CMRO; of the Moyamoya
patients did not differ from those of the normal control
subjects. The CBV did increase significantly in the ce-
rebral cortices and striatum, but not in the cerebellum.
The TT was also significantly prolonged in the frontal
and parietal regions. The cerebrovascular CO; re-

sponse was markedly impaired in the frontal, temporal
and parietal cortices. However, it was relatively pre-
served in the occipital cortex, thalamus and cerebel-
lum. Thus, the cerebral hemodynamic reserve capacity
decreased even in the Moyamoya patients not demon-
strating either cerebral infarct or hemorrhage on MRI,
and it should be considered in the management of
these patients.

Key words: Positron emission CT, MRI, Cere-
brovascular CO, response, Cerebral blood flow,
Moyamoya disease.
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