(a) Microsphere model

Cb(t)= [, KCalz)dz

K=f-E

BBB

(b) 2-compartment model

Cb()= [, KiCa(r)e Iz

K=f-E, Vd=Kt/ke

BBB

eyl ERABNMAE LY —EBOARIDROEEE (A2 N—rX b
BRI

BBB . M iahEIFT

KK b L —4—0Mm#E» 5 A OBITREER

k2! b —H—DD» S MEOBTEEEH

Vd = K1/k2 : HHEHE '

f: BFmEE

Ca(t): tEFEEOAOFMHEE (AHEH)

Cob(t): t BEEROMBEIETEE

E: RBRERE (E=1—ePSA) (PS: permeability-surface area product)

a) IMP-ARG %

AETIE, IMP ©OZE% 2-compartment model GRS 5D ML —F—DHVBLEEEL
REFN I E4-4) X o TRFT A, b L—Y—OmE»bB~OBITRE K1) &, B
PHOMEANOBITEE (k2) OHTHE2HMER (Vd) (= KI/k2) 2—EfE 2ml/ml) &L,
B4 DATTEEIED O LOBRESN TR EEANBEZERIO | SFRILIC X DEIELEE
NG, ZHXY, =Y —FE5H 20~ 0 50OBCRES R 1 o SPECT Eifgix, b
V—Y—% 5% 10 53 IR S N8R0 55 510 A AJTEEIC X o T pixel by pixel iZ K1
& =ik (CBF) BEEEENLERERINSE (IMP OWEERENEZ 10LT5L Kl =
rCBF &7 %). acetazolamide B¥ T, b L —¥—0%5F 7582 16~ 17mg/kg ZRHET
5. BEREB L U acetazolamide B RFOMIMTE* X-Y BE#MEIC 7oy b5 &, mTH
ZHMNEROEEEIE, H4-20T BBEIICRENS 2, JET study (Japanese EC-IC
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Bypass trial) ¥ TidMILF SPECT EREEMAT 2 &2 L ) Stage T & ¥E S 72D Hbs
BEREN, RCT & LTEHBIN.

b) Dual table ARG %

IMP-ARG #E% D & 9 ICEHIF L acetazolamide BNERMMTEZ R4 O HICERRIET %
BEiE, ANBEBICHE EORELZECAWEEND D, BERTFHET ERICTHETE 20
BEVHL, £IT, KERMOREOHEEIZT &R E acetazolamide B KRN ML & OB E %
v, METHL—Y—DOREBIEUALBOANBEEEZAVSHEE LT split dose i2& %
FEEARE SR TE Lal, EORBED T, KL acetazolamide £ AR
REOANBEHIGHEREZZE L2V OO, FHENLTEEOHEICT &KW TiTbhs
acetazolamide BN EOHE CIX, MEZEE L-EHET -/ » o RBROEET — 4
% subtraction 5 FFEITTHN, pixel level TOREBEIFToELNL N,

FIT, SBOML—F—% B\ CRE L acetazolamide B SPECT SHK{E % Ay
WZRD, TNENICK L TH 4 O table BB 5 & £ 12 & ) ZHEEFE L acetazolamide BT FFAN
MiEEDEREGEE#H 5 TIEFRFE SN (Dual table ARG ) (M 4-5). KETIE, BIHE
THEL 22 ANBEHEOMEBREZHRT 272012, ZFE 1 BORMC X - THB0 AT

ERREL, BEOBVEHE L acetazolamide BTFEMIMIEE D EBE & % pixel by pixel I2&
MIZHET AT LHTES, LAL, B0 IMP-ARGELIZERY, L —¥—0ORAE
BEAKRECEMNMTHHEEE 10~ 300MOF—FBHVLNE7:D12, BIILKEDBEKEFHELE
L3, T2 LV —Y—ORNIRENPEET S 25 ~ 30 507 — ¥ T calibration § 5 /7
PRESN, WEREOWENE LN TS, REICX D, MAT7EEMME i o> ZAE B FFm o
EREFYUEL, HESIMOBEIERTLIDOEEZILND.

V 2. sPECT st

i gE SPECT Oftat BIRRAT & 1%, BME OMILIT SPECT E{ICA 51 2 Bk O FRTH
LEEFPIILTCHEBLREE TH AN E) »ERENICHET 20 TERL, EEHD VTN
REEOMMBRSAICHTE T — IR eHwE () OF— 7 % pixel BICHBE L TCHFEZEE
0 BEMEMIEL, EEN L ERT 2 EEMN A ETSH 5. RETE, HIEDEL RS
(B) OFpixel KB BF—FEEMEII/MEE ECERLEN, MEOENNEEF -5
N— R D% pixel X BT AHIEEFEZE (SD) OFEK (Z score) & LTHEEREICE LIS
(Z score f##T). —i%IZ Z score 232 PLEE FRENDEHICOWTIEBMMAOEHHHFEICK
EWEHIBERD, METEEETOFEL LT, statistical parametric mappiﬁg (SPM) & ®
% 3-dimensional stereotactic surface projection (3D SSP) 3 & EAEEGH ST WA,
Z 2T 3D SSP EEDENTICOWTHRSR T 5. 3D SSP EfOMFATIZIE, BALEHIIRITEL
LT®DZ score fETICMR T, BAETRHENEEWFN FEL L TO stereotactic extraction
estimation (SEE) f##7 @ 2SF&E S Tw 5.
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iMP Diamox IMP

0 10 20 23 50 60
(min)
¢ Table 1 r Table 2
o ¥ QT S S
= 2 ....... 2 P
sy © [ 3 I
> e > >
T o™ ol
o [oN o
....... o -
Y Y
CBF -~ = CBF CBF
(Rest) (Diamox)

E20 b —Y— % HOTR#EIEE acetazolamide BTN SPECT SHEUE # 3&EHE/0(
K, ThZhICH L Table #1ER T3 2 &2 & V) B§28E & acetazolamide BRI M
REOEEEGREBIFETHDH. TERBOREOERIETE, IMP-ARGEICELT
REI NI AHEHD 5 SPECT §HUE (pixel value) & BMFE & DR table (£ &
h (ETO Table 1), Z® Table #2888 L TE pixel D HE/I LHBRAFKRICETR
h3. Diamox BFROREOERIL T, RESLR—DOADEHERA V3D, & pixel
TO SPECTEHEUEN T TICEF LT VW3 /2% SPECT ST & NI K E & DEERIRE
BF & LRI table fE & h (BT O Table 2), SO Table % 28 U TE pixel DEHHED
Diamox BRBBNIKRICEREANS.

a) Zscore & :

Z score T CIZEEHOEMBOMBAMICE T 57— 5 N— 2K LT, #HHEEOMER
WMAROERERBELCBETAZ LN TES, RETIE, EMMEZER (Talairach OZRELN)
WERSNWACEER L ERZOBELRS A (ERE IR CERLLENF—%) 0E%
pixel BEICEEHOERFECTHETILICLY, HREDOEMED Z score % pixel HIZEML,
TOoFEEE 3 HE (B, E4M, Lk, TH, ®F, BF ERE, £RE) »503
KEWEEEE L CEMMICEELTS. Z score WV ERIT Y, FEBICHAMEOLEEN
REVWHEIRE LTEMENICERENS, BEOE (HFRD S 6 pixel DETHRKAME 0HzHAN
B0, EWOD BT L BMNMEBERNOERPEZTHY, TIINA T~/ EDFRE
DORPENZIIC B A2FEREESTTIIHRES L THS W,
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* o Pre-op.

Postop.

“Resting: = - acetazolamide-
g : activated .-

EVEE miTh0RR mmEpI ORI SPECT & BE R4

67 BB, AHRERE - SEBEBIC TRE U A EhA KB IR O 8 28R I L7
SPECT OEEREMN (£ L), acetazolamide AFEINI A SPECT DEREFR (HLE),
ERLEISHMA SPECT OEEMFT (ETE), acetazolamide BN SPECT ®
EREN (BTH) 2577, ©4-2 OFMEEIC L, A0k BB IRES 2 i 80
Stage I, #fi#% Stage I &HIEE N3,

MTBEREMPLEL % 5 MATIIEZHBEIER O Z score AT T, HEIEIC Z score D LH
THEE (WM : LTEET LTV 258 454 5M, acetazolamide BHFEHT I FIRD Z
score DE L5 EAAEDHNDE I LIFHMITH o 72, MRTICH SN Z score D _EFIZHAF
BILEWTHHER LTS, ZFHFB X U acetazolamide B O SPECT @ 3D-SSP
AT A D AT E BB MO BN EEEIC OV TOBEDT VA ) —o V FASTEETH 5 &
Zibha.

4-6 ZMATIFERIMMR I Stage T2 2 MATHEN (STA-MCA /34 2824 B O
iy SPECT SR G (B, ©4-7, 4-8 12K 4-6 OREPOWEAE B 5 Bl
SPECT % €IE M Z score ff#T LR TH 5. ' '

b) SEE f&#f

SEE f##T Tid, & pixel # EEMETEREL, MITHEMMEMDOEREE %% pixel LRIV THE
ML, TO5HE 3RTHERE R L LTENEEMICEBILT A2 TES. T, FOEE
ENTEHAOD pixel I LTEEEED pixel HOFEGZEHT LI HTEZ O, IATE
BUPVEE R MATHENBELE CIE, £ L TERMEXRENIC, SEERLEOKT
I, acetazolamide BT O MBE RSO T i, BBRTHIEOKTHEE, mATH209M
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Resting acetazolamide-activated

LT - - T IAT Y G SUP :

]
i ____.r—"

ey X 4-6 OAERI T ORI SPECT O Z score BE{&IFT

(K REsr%, 4 acetazolamide BF T, LERUEMELRSHF, hRELK (GLB) CTEMSEL
7= Z score DT, TERIZ/NB (CBL) IZTEMIEL /= Zscore DT THY, ZhFhasl (LAT),
E5MEL (LAT), £F (SUP) » b A 7-HEBERERT.)

HIEO Z score DHH TIE, AR ARMBIREEIC SV TLHEIFOREE - A58 - SBIEEIC Z score D
S (B s U TIHET) 853 50, acetazolamide BHBFIC X EISEIED Z score HREFIF L V)
LEALIBWMEE B> TV, FHITIE, REMFIC Z score DEVHEREE, acetazolamide BT (CFIFRHEE
D Zscore DA B KD ERENRED b, MITHFHONEROOBEEI»I 4505,

RIMLOEERE Stage T OFFEA TN ETNEMMICR SN G, Hitkid, R LMEXRBAOLEH
BpiILYE, acetazolamide BFRFQOMERISEE, BRERTFHELR EOFREIVTRLOUEL,
MATHZRIBEE MO EIEEDA — 2SO EEL S A 2 AR DA, AREEITERICL Y, B
Ut SPECT DM ERMM AT L 20, MATHENRENOEEEFHEOHNEREIWEL,
BEGBHOEEAPECDIDEEILOND.

B 4-9, 4-10 XK 4-6 OFEFOMBIMEIC BT 2 WILFE SPECT % £ 21 SEE 4T L 724
RTH5.
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Resting acetazolamide-activated

CE] X 4-6 OER T OMEIEMTE SPECT O Z score E{GET
(£: R, A acetazolamide BF IS T, RRAEZUER4-7 LRBETHS.)

RO Z score DHTI T, ERIRARBIRGEEIC &V CREIORIE - BIEEO—HHIC Z score DELV (B
M e LTIRET) |80 5h, acetazolamide BFEFIC X R UHAIEEIC Z score DFWBEFEBH 513D
DD Z score DERIE AL, REIHCZ score DEVEEARO 5N TH, acetazolamide BFFEFICRIFEED Z
score D EFEFBOH SN E VI LiE, OTBENEOLTHRMNMENOSEEREL TWVW3.

| M7 A9 RS MR B DM MR SPECT FEEGENR

65 RBlE, BRME - SBEESICTRE L -ERESRMAZEONTREBNORN SPECT OEEBT (£
LE%), acetazolamide BTSN SPECT OEEMEN (G5 LER), WEREESMMT SPECT OEERBN (£
T, acetazolamide BFEFR M SPECT DEERN (ATE) &7, M4-2 OFHEEEICLY, Efld
KEMENIRSEI A ATHET Stage I, i Stage 1 EHIES 5B,

il
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Segmental Extractlon Esttmatlon for Japanese EC IC Bypass rlal ' _
891227 65MIMP\RSFH B magnification:
‘891229 65MIMPWSFM - - Lo , RestGBF*OS

Rtlat  Ltlat

Rest:

Diamox:

EFE X 4-9 OFEFITOMFMILF SPECT 0> SEE BE#F
(EEEA 5, ZHEBO MBI, DBIFMRORE, acetazolamide BEFMEMAE, MEBTHEE, 0T
HNERBERILO Stage TH Y, ThFhEHEA (Rt Lat), &M (Lt Lat), £F (Sup), TH (nf),
77 (Ant), #7 (Post), AR (Rt.Med), ZRAl (Lt. Med) D 8 AAD 5 & MEREEZRERT.)
R I ENR & & ORI AIMENIRSEIANIC, REFSBMMMOETSEEL, acetazolamide &FEE O ME RS
EOETHEE, WMERTHEEOETESE, Iﬁl THEMNMEMOEREE Stage T OEEY 7 h FhERAY
ICR&hD.

i‘m‘lﬁﬁﬁﬂ‘"ﬂﬂﬁﬁi_ﬂ“ 103 73 'f l\ > 4’

Stroke prevention # HAJ & 95 STA-MCA NN A NRAMOBEAETOFGERE X, JET
Study” WHELTUTOHEE2HATLEND S, ONEBRRAOHERLERE (772 —2
i) 12X 5 TIA %%\ id minor stroke % 3 4 A LPICFED 2 73 RU T OES T, modi-
fied Rankin disability scale (mRS) #51&H 50X 2 DEFATH L2 &, Otdtigsepyr iy
LTik, CT 5w MRI £ 1 EFE EWL#’)/_@T"QB&HiﬁE?%— RO, RhEERL
HEER S 5 LA RBIR AR OBIED 2 IS ERAEE S b OEATHS = L. ORIERIE
DEREE LTI, RXEEIL IBAHMULEBRZICT o742 PET, SPECT (Xe d 5\ i
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Segmental Extraction Estimation for Japanese EC-IC Bypass Trial 2003/08/21
Rest: 000208 65MIMPWS FM - magnification: 1.00
jamox: 000210 65MIMPWSFM Rest GBF*0.8: 34.0

‘min/dl);
20

BPETE X 4-9 OESITOMEBING SPECT O SEE f#iR

(BRFFERE4-10 ERHETH 5.)

PAMENRS & AT AMEIIRIEI A D ZEESB M, acetazolamide EREFOMERICHE, HEERT
EEEL EOBBEFHEVTADEEL, LTHENNESADOEEEF RY— L5 85 »IC8RE(L
CLTWB, KETE, MEIEICH T 3R—ERTOS pixel 123513 Stage DHRE £ FENWICHETZ
BELEBHICESlage DEHDSHEOTLEENCEH U T2 HAETH S,

BIMP), &5\ idcold Xe CT x iV B2 2 MERNEIC T, RARMEIIRER O ZEFRR
MFEAEEFHED 80 %K »OMBEETFHIEN 0BUTOERTHLZ L. —F, BilikE
e LTk, OMREGRSEELZEN (mRSHILL), OFBIRFEREDES, OBMEES -
BRE - A% - FTAe  FEA206HT 2ES, @6 7 RUAOLHEEL ST 2EH,
®ZeIEIE MAEE DS 300 mg/dl BLESH BWVid 4 ¥ XY VIRESLE L 2 BER, @R mE A
110mmHg U EDfEF, OEIREERMERE, ©LREEMERE, H2EM¥dHTonhs. T, &
DOEPEARROEIHELZEHET A0, WEOLEL LTEFERETHFERLTwEL T L,
MR OEEE LCRBERRESCBOTHIRMEEENTEA L, R ENEETH 3.
JET Study &, mMITH2MMER Stage T B SN2 EFZHRE LABEIIBNT,
Stroke prevention % B &35 STA-MCA A NAMOFHEEZRLLZLDOTHY, X HiE
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FEDMATIIF IR M3 35 STA-MCA /S S AMOBFRIEERZHEL L T v, S5,
LD BEQMATIFENBBLZ MR E LHED STA-MCA NA S AR OB S 55
PLETH 5.

BHUIC

Stroke prevention % BRJ& T 2% STA-MCA WA NAMOEHEICE T A7 AT,
JET study IC & o TL )R {HER SN, L Lads, BEDE A ZOMSIEIITHZEHE
Il Stage T & 287 &7z subgroup ICBE SN T WA, MATHEMME Stage T 123 28E
- DML PET TRITHIBHAEEE L % 2 517 misery perfusion IZHHT 2 HEZBIT 5
eOWBESNEETH), LVBECRFTHFINREMEFICH LTS STA-MCA /A3
AMHBERE A UEEED B2, FOEPMEIZOWTIIFH =2 RCTILL - TRIES 2T
X% 5w, FATESOIEKHERIE, JET Study DEREZEL D DL LTRICEE 27l
RBIRV. .

72, FRESOHECBCRIFIENHENNERNEEENENES DO TEETHS
A, BHRRIZBT 5 MATHFNBELOZEMIEEPLHERICOWTE, L7 LEELSH
Twirwy, L724%o T, stroke prevention % HEJ & 95 STA-MCA N4 N A OBEFHRTD
HREE TR T 52000, MOLKEEEOZEEMC L5 EBEOR L - Ef B EEF
MECIZ2HEBEOMEREFEE LD EELLND. '
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Surgical Treatment of "Moyamoya Disease" with Ischemic Symptoms
- Which Factor is More Important, Recent Stroke Event or Hemodynamic State ? -

1Shusaku NORO, M.D., 1"I‘oshiaki OSATO, M.D., Y{Jyoji NAKAGAWARA, M.D., 'Takehiko SASAKI, M.D., Yoshi-
nobu SEO, M.D., 2Kenji KAMIYAMA, M.D., *Kenichi SATO, M.D., *Hiroyasu ISHII, M.D., *Yoshinori SUGIO, M.D.,
and 'Hirohiko NAKAMURA, M.D.

!Department of Neurosurgery, Nakamura Memorial Hospital, 2Department of Neurosurgery, Nakamura Memorial
South Hospital and H2Hokkaido Brain Research Foundation

Absrtact:

Objective: Moyamoya disease is well known to a bilateral disease. But it is not necessarily that both sides are same
stage and same severity of hemodynamic state. There is no clear evidence of determining which side should be opera
ted upon first, thus we report our criteria for determining priority of operation side in patients with symptoms of
bilateral hemispheric involvement.

Methods: Between 1995 and 2005, twenty-three patients underwent superficial temporal artery to middle cerebral
artery (STA-MCA) anastomosis with/without encephalo-myo-synangiosis (EMS). We classified them into three
groups. Recent stroke side showed worse hemodynamic state in group A, same hemodynamic state in group B and
better hemodynamic state in group C. All patients underwent surgical revascularization according to the policy of
priority for recent stroke side treatment.

Result: There are eighteen cases in group A, four cases in group B and one case in group C. All the patients in
group A were doing well. Only one case in group B developed contralateral cerebral infarction after operation. In
group C, the only one case resulted in contralateral cerebral infarction after operation.

Conclusion: In principle, the severity of hemodynamic state is more important for determining the first operation
side.

Key words: moyamoya disease, infarction, STA-MCA anastomosis
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I. EU®IC
30 ¢ PRk, MEINSEEIIRRR A & /1 - P oRIEIAR
ATRAERIC A TR - B L NESEE MEME 2D
BBEET, BIIKITOREESBRLEDhTNBY,
REMFEANICX U TR T EEN OB RS EL 2T
B2 BAEF CIEZENTEEER:BRLITHEER
HEBMEh, TOEL TROTMBENRITENT
WA, LiL, BT THEAEREORH. HEE
DT HFNERE2E LT3 EIZEL$, FfEo
BRIEN 2 ET S LTI LTEIELH B, URT
132 TERHEIONER i recent strokefllf@E & LT
=A%, BRI YTV 23 En, SERA T IEN
IZIIRGE T & - 7= Srecent stroke%#2 2 L=l EH L
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Fig. 1: Preoperative plain MRl and CT
Preoperative plain MRI (upper) and enhanced CT
(lower) show new left frontal subcortical infarc-
tion (white arrow) with old cerebral infarction in
bilateral frontal lobes and left parietal.

Fig. 2: Preoperative Angiogram
Angiogram demonstrates Moyamoya vessels ori
ginated from bilateral terminal ICA and VA (bilate-
ral Stage Il based on SUZUKT's criteria).

Fig. 3: Preoperative 1231 IMP SPECT
Left: Rest, Right: Acetazolamide-activated (Dual
table ARG method).
1231 IMP SPECT presents hemodynamic state
Stage II in Rt. MCA territory and Stage I in Lt.
MCA territory.

5 B Stage OO Stage 127 8234 Stage 1T

Fig. 4: Preoperative SEE JET
SEE JET presents hemodynamic state Stage II in
Rt. MCA territory and Stage I in Lt. MCA territo-
ry.
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Fig. 5. Postoperative plain MRI
Upper: Day 1, Lower: Day 40
The cerebral edema of the right temporo-occipital
infarction was improved 40 days after the onset.
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Co-morbidity of Moyamoya Disease with Graves’ Disease.
Report of Three Cases and a Review of the Literature

Takahiro Sasaki, Shigeru Nogawa and Takahiro Amano

Abstract

Moyamoya disease is a cerebrovascular disorder characterized by bilateral stenosis or occlusion of the ter-
minal portions of the internal carotid arteries accompanied by typical net-like collateral vessels in the basal
ganglia. Although the etiology of moyamoya disease remains unknown, hereditary and immunogenic as well
as hemodynamic factors have been implicated in the underlying mechanism of moyamoya disease. We report
two patients with confirmed moyamoya disease and a patient with probable moyamoya disease complicated
with Graves’ disease. We reviewed the literature and summarized 23 cases of moyamoya disease or probable

moyamoya, coexisting with Graves’ disease.
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Introduction

Moyamoya disease, first reported in Japan in 1963 (1), is
a cerebrovascular disorder characterized by bilateral stenosis
or occlusion of the terminal portions of the internal carotid
arteries accompanied by typical net-like collateral vessels in
the basal ganglia (2, 3). Although its incidence is relatively
higher and substantial cases have been accumulated in Ja-
pan, it is also reported in Western countries (4, 5). Follow-
ing the diagnostic guidelines, the etiology of moyamoya dis-
ease is unknown and any history of causative systemic dis-
eases should be ruled out as having moyamoya disease (6).
The term ‘probable or angiographic moyamoya’ is proposed
for the condition associated with angiographic findings simi-
lar to those of moyamoya disease (7).

Here, we report two patients with confirmed moyamoya
disease and a patient with probable moyamoya disease com-
plicated with Graves’ disease. We also review the literature
and propose an association between these two conditions.

Case Reports

Case 1

A 27-year-old Japanese woman had been found to have

high blood pressure six months prior to admission. Two
months later, she experienced transient attacks of dizziness
and left hemiparesis several times. However, a brain CT
scan performed at a local hospital revealed no abnormalities.
During the same period, she noticed that her thyroid glands
were swollen, and consulted an endocrinologist. She was di-
agnosed with Graves’ disease with goiter and bilateral
exophthalmos. She was then maintained on regular antithy-
roid medication and the attacks subsided. Three months
later, she again experienced left-arm flaccidity, as well as
dysarthria and headache, and was then admitted to our hos-
pital. She had no other past history of disease and denied
past head injury and previous oral contraceptive use. She
was irregularly on antithyroid medication at that time. A
physical examination revealed bilateral carotid bruits in the
neck. Her thyroid gland showed symmetric enlargement. Her
blood pressure was 150/80 mmHg, and heart rate 116 /min.
On neurological examination, she had hemiparesis of the left
upper limb and exaggerated deep tendon reflexes in the left
extremities with a dorsiflexed plantar response on the left.
Laboratory studies, including blood tests, urine analysis, co-
agulatory parameters, including prothrombin time, fibrino-
gen, antithrombin III activity, protein C and S antigens were
within normal limits except for high alkaline phosphatase
(ALP 613; AL, 6%, AL; 94%). A thyroid function test us-
ing radioimmunoassay confirmed hyperthyroidism (TSH
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Figure 1. Case 1. Magnetic resonance imaging scans (A
and C, T1-weighted scan; B, T2-weighted scan), showing cere-
bral infarction in the left frontal region and hemorrhagic in-
farction in the right frontal region. SPECT scan (D), showing

decreased blood flow in the right frontal region.

Figure 2. Case 1. Cerebral angiograms (A, right carotid ar-
tery angiogram; B, left carotid artery angiogram; C, left ver-
tebral artery angiogram), showing severe focal stenosis of the
bilateral distal portions of internal carotid artery, the bilat-
eral M1 portions of middle carotid artery, and the bilateral
Al portions of the anterior carotid artery. Net-like moya-
moya vessels are seen. No stenosis is found in left vertebral

artery and basilar artery (C).

0.08 uU/ml; {T; 5.5 ng/dl; fT. 1.4 ng/dl; TSH receptor anti-
body, TRAb 56.4%). Immunologically, the patient was nega-
tive for antinuclear antibody, anti-double-stranded DNA anti-
body, anti-cardiolipin antibody, p-ANCA and c-ANCA. A
T2-weighted image (T2WTI) of brain magnetic resonance im-
aging (MRI) revealed multiple ischemic lesions in the right
upper frontal lobe and in the left paraventricular region. The
latter also showed a high intensity area on TIWI, consistent
with a hemorrhagic infarction (Fig. 1A-C). Single photon
emission computed tomography (SPECT) using 99m-
technesium-hexamethyl-propylenamine oxime (*"Tc-HM-

10.2169/internalmedicine.45.1543

Figure 3. Case 2. Magnetic resonance imaging scans (A, T1-
weighted scan; B, T2-weighted scan), showing cerebral infarc-
tion in the right frontal region.

Figure 4. Case 2. Cerebral angiograms (A, right carotid ar-
tery angiogram; B, left carotid artery angiogram; C, right
vertebral artery angiogram), showing stenosis of the bilateral
distal portions of internal carotid artery, the right A1 por-
tions of the anterior carotid artery. Net-like moyamoya ves-
sels are seen. Vertebral artery angiogram demonstrates per-
fusion of both cerebral hemispheres via posterior communi-
cating arteries (C).

PAO) showed decreased regional cerebral blood flow in the
right MCA region (Fig. 1D). An electroencephalogram
(EEG) documented both build up and rebuild up phenomena
during and after hyperventilation. Four-vessel cerebral angi-
ography showed long narrowed segments at the cervical por-
tions of both internal carotid arteries. A severe focal stenosis
of bilateral M1 portion of the right middle cerebral artery
(MCA) and typical net-like moyamoya vessels were also
seen (Fig. 2). No retrograde anastomosis from the external
carotid arteries was detected. After anti-thyroid hormone
medication, the hemiparesis abated. Ischemic attacks were
suppressed under euthyroid state through the course. In or-
der to prevent further attacks, encephalo-durc-arterio-
synangiosis (EDAS) was performed later.
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Figure 5. Case 3. Magnetic resonance imaging scans (A, T1-
weighted scan; B, T2-weighted scan), showing cerebral infarc-
tion in the left frontal region. SPECT scan (C), demonstrat-
ing decreased blood flow in the left frontal region. Left exter-
nal carotid artery angiogram (D), showing abundant collat-
eral circulation by superfical temporal artery via a trans-

dural anastomosis.

Case 2

The patient was a 16-year-old Japanese female student.
She had suffered transient ischemic attacks (TIAs) consist-
ing of left hemiparesis and faintness, several times during
the 6 months before admission. MRI and MR angiography
showed a cerebral infarction in the right frontal lobe and
stenosis of the distal portion of bilateral ICAs (Fig. 3). She
was admitted to our hospital suspected of having moyomoya
disease. A physical examination revealed no goiter. Blood
pressure was 132/64 mmHg, and heart rate 80 /min. She had
no neurological deficits. However, laboratory studies re-
vealed a low total cholesterol level (100 mg/dl) and hyper-
thyroidism (TSH 0.01 pU/ml; fIs 9.4 ng/dl; fT. 3.1 ng/dl).
Antinuclear antibody, anti-double-stranded DNA antibody,
anti-cardiolipin antibody, p-ANCA and c-ANCA were all
negative. She was diagnosed as Graves’ disease. Four-vessel
cerebral angiography showed long narrowed segments at the
cervical portions of both ICAs and occlusion of the right an-
terior cerebral artery. Typical net-like moyamoya vessels
were seen (Fig. 4). In order to prevent further attacks,
EDAS was performed later.

Case 3

A 36-year-old Japanese woman had been treated for
Graves’ disease with anti-thyroid drugs for two years. She
took the anti-thyroid medication irregularly; she suddenly
developed aphasia, and was admitted to a hospital when she
had no good control for thyroid function. Brain MRI
showed high-density lesions on T2WI in the deep white

10.2169/internalmedicine.45.1543

Table 1. Summary of 23 Cases of Moyamoya Diseases or
Probable Moyamoya, Coexisting with Graves’ Disease.
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matter of the left cerebral hemisphere (Fig. 5A, B). One
month later, she was referred to our hospital. On physical
examination, left carotid bruit and symmetric enlargement of
thyroid gland were detected. On neurological examination,
she had exaggerated deep tendon reflexes in the right ex-
tremities with a dorsiflexed plantar response on the right
side. Laboratory data demonstrated hyperthyroidism (TSH<
0.1 pU/ml; fT; 4.0 ng/dl; T4 1.5 ng/dl; TRAb 2.9%, anti-
thyroglobulin antibody, TGAb <0.3 U/ml, anti-thyroid per-
oxidase antibody, TPO Ab 65.0 U/ml). Immunologically, she
was positive for antinuclear antibody (speckled pattern), but
negative for other autoantibodies. Her EEG was within nor-
mal limits. SPECT using ”"Tc-HM-PAO showed decreased
regional cerebral blood flow in the left ICA region
(Fig. 5C). Four-vessel cerebral angiography showed long
narrowed segments at the cervical portions of the left ICA
and perfusion by superfical temporal artery via a trans-dural
anastomosis (Fig. 5D). She was then maintained on regular
antithyroid medication and the findings of MR angiography
did not change and she had no ischemic attacks.

Discussion

We present two cases of definite moyamoya disease and
one patient with unilateral occlusion of the ICA complicated
with Graves’ disease. Following the diagnostic guidelines,
any history of causative systemic diseases should be ruled
out as having moyamoya disease (6). As major cerebral ar-
tery occlusions were not fully improved by antithyroid ther-
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apy alone, we are convinced that the present cases were not
types of Graves’ disease having transient moyamoya-like
vasculature. Although many disorders are reported to be as-
sociated with moyamoya disease, Graves’ disease has not
been described in any major review article (7). To our
knowledge only 5 moyamoya disease and 2 probable
Moyamoya cases with thyrotoxicosis or a high serum level
of thyroid hormone have been reported in the English jour-
nals (8-11). In Japanese reports, 2 such cases have been re-
ported in journals (12, 13), 7 cases at annual or regional
meetings of the Japanese Society (14-18), and 4 cases in the
annual report of the research committee of the Japanese
Ministry of Health and Welfare in 1998 (19) (Table 1). The
coexistence of moyamoya disease and Graves’ disease is not
coincidence. Although the incidence of Graves’ disease is
about 0.4-0.8/1,000 in Japan and 3,900 moyamoya disease
cases were identified in Japan up to 1994; the prevalence
rate of moyamoya disease is 3.16/100,000 (20); at least 11
cases of definite moyamoya disease have been reported to
be complicated with Graves’ disease (Table 1). The associa-
tion of these disorders is important because the pathogenesis
common to the two diseases may eventually help us to clar-
ify the etiology of moyamoya disease.

Hereditary and immunogenic inflammatory factors have
been implicated as the etiology of moyamoya disease. A
family history of Moyamoya disease is found in 10% of the
patients in Japan. The cellular proliferation and vascular
dysregulation in moyamoya and immunologic stimulation of
the thyroid in Graves’ disease were suggested to have a
common pathogenic link involving T-cell dysregulation (10).
Lymphocytotoxic antibodies present in autoimmune thyroid
disease were reported to be responsible for defective
antigen-associated suppressor T cell function (21). Utku et
al reported that moyamoya-like vasculitic changes improved
gradually after treatment with the combination of steroid
and plasmapheresis in Graves disease (22). Inflammation of
the arterial wall due to an altered immune status may be a
key link to the double disorders occurring in these patients.

Another possible link between these disorders is athero-
sclerosis. Colleran et al demonstrated the positive correlation
between free thyroxine levels and both homocysteine and
methylmalonic acid, suggesting the possibility of thyrotoxi-
cosis to induce hyperhomocysteinemia (23). As homocyste-
inemia has been implicated in atherosclerotic and embolic
disorders (24, 25), it would be another key to the patho-

physiology of moyamoya disease.

Hemodynamic factors have also been implicated in the
underlying mechanism of moyamoya disease. Graves’ dis-
ease is an autoimmune disorder and the associated thyro-
toxicosis is thought to enhance the effects of sympathic
nervous activity (26). The carotid fork and arteries around
cerebral base, main foci of moyamoya disease, are distrib-
uted with sympathetic nerves derived from superior cervical
ganglion. Sato et al reported that cerebral blood flow in-
creased 18.8% after dissection of superior cervical ganglion
in moyamoya disease patients (27). Regional sympathetic
nervous stimulation may contribute to pathological changes
involving the carotid arteries (28). The superior cervical
ganglion is adjacent to not only the cervical lymph nodes
but also the thyroid. Inaba et al reported that arterial stiff-
ness in the common carotid artery was increased in hyper-
thyroidism (29). Therefore, Graves’ disease could be associ-
ated with the causal mechanism of moyamoya disease in
terms of hemodynamics as well as hereditary and immuno-
genic factors.

From the clinical point of view, to cure the ischemic at-
tack of patients suffering from both moyamoya and Graves’
disease is important. Altered cerebral hemodynamics as well
as hypercoagulability in thyrotoxicosis may have triggered
vascular attacks in patients with moyamoya disease. In case
1 and in other reported cases, cerebrovascular accidents oc-
curred when patients were in thyrotoxicosis. In those pa-
tients anti-thyroid drug medication was effective (Table 1).
As thyroid hormones are thought to increase sensitivity to
sympathetic stimulation in the various organs (8), it is prob-
able that thyrotoxicosis accelerated superior cervical gan-
glion and decreased regional cerebral blood flow, leading to
TIA or stroke (12). In addition, hypercoagulability can influ-
ence these ischemic events because it is known to occur in
thyrotoxicosis (30, 31). Anti-thyroid medication should be
selected for TIA occurring in moyamoya patients in thyro-
toxicosis with Graves’ disease to prevent further attacks.

In summary, we reported and reviewed the cases provid-
ing the possible association between Graves’ disease and the
etiology of moyamoya disease.

We appreciate the advice and expertise of Dr. Mamoru Shibata
and Dr. Manabu Ohtomo, Department of Neurology at Keio Uni-
versity School of Medicine. We also wish to thank Ms. Rie
Umehara for excellent secretarial assistance.
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