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Hemodynamic Analysis and a New Reconstructive Vascular Surgery
of the Anterior Cerebral Artery Territory in Moyamoya Disease

Akimichi ICHIKAWA

Department of Neurosurgery,
Brain Research Institute, Niigata University
(Director: Prof. Ryuichi TANAKA)

The hemodynamics in the territory of the anterior cerebral artery (ACA) was studied
in 45 patients with movamoyva disease. In 37.5% of 72 cerebral hemispheres in pediatric
cases and 38.9 % of 18 cerebral hemispheres in adult cases, antegrade filling of the ACA
was not verified by preoperative angiography. Regional cerebral blood flow (rCBF)
measurements performed by the 33Xe inhalation method revealed hypofrontal pattern in
53.8 % of 78 cerebral hemispheres.

Various revascularization procedures, such as encephalo-mvo-synangiosis (EMS),
superficial temporal artery-middle cerebral artery (STA-MCA) anastomosis and encephalo-
duro-arterio-synangiosis (EDAS) showed no development of new collateral pathways in
the territory of the ACA on angiograms. Hypofrontal rCBF pattern improved in only
two cerebral hemispheres, but newly developed in the other 9 cerebral hemispheres after
these operations.

New surgical methods for the revascularization in the territory of the ACA have been
devised such as “encephalo-arterio-synangiosis (EAS)” and “encephalo-galeo-synangiosis
(EGS)”, which is to make a burr hole in the frontal skull and place either the frontal
branch of the STA (EAS) or the pedicled galea aponeurotica stump (EGS) on the surface
of the frontal cortex through the incised dura mater. EAS and EGS were applied to 50
cerebral hemispheres of 21 pediatric and 7 adult patients. In 30 cerebral hemispheres (60.0

9%) of 20 patients, postoperative external carotid angiograms showed moderate or marked
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collateral revascularization in the territory of the ACA. Moreover postoperative improvement
of hypofrontal pattern was achieved in 13 cerebral hemispheres. EAS and EGS were effective

for the patients with transient ischemic attacks affecting the lower extremities.

The results of this study showed the necessity of the revascularization in the territory

of the ACA in patients with moyamoya disease and demonstrated that EAS and EGS are

simple and effective surgical procedures for the revascularization in this territory.

Key words: moyamoya disease, anterior cerebral artery, hemodynamics, encephalo-arterio-

synangiosis, encephalo-galeosynangiosis
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EVE YL, 1955 FR KLY ko THAIMNE
BIREEASES LTREShLLOBENTH LM,
AR BHEOWRBRE L LTHER SRS X9 -1
DiE, 1977 E£DOEES? @ Encephalomyosynangiosis
(EMS) #5Th 5. BETIHE L OlERT, Fio EMS,
BRAVREIE—h KBEIIRY &7 (STA-MCA WA #®,
Encephalo-duro-arteriosynangiosis (EDAS)Y &\~
IATHEBRMSEBCS 2 I« 1A TiThh T
D, @R MFEPF (Transient ischemic attack:
TIA) OHEPEBEZOHE S RO K ELHRY I
FTw2978 Lk L, fET, 28507 EEH
OMEADY, BROLEREA TV, 20—k,
BE I MmEEREEY, H - REEEDY, TRIEEL
SEFHEEEIOLO7I0) Ly e, FTABKEIR & L OB

i

Galea aponeurotica
{ freed flap )

Dural opening

WRER O R E NS Hh 5. MK T, 19794
6 ALY Er Rt HAREBEREL T > T
B, WEOBNERE ©, FWRCRA Lo PREREBIR
A L CHRYEG & Bbh 250 & 0 MEWE 4L
TWABHIRE e v b, BHBRERES X 0 BKREIR T
WERZ TIT i b Mo 3B A iR R BB R % & 6 7o 41 S )
B & AT MBI R S i IR TRR OB A IR T &
E#F %, 1981 4128 &k », EMS ® STA-MCA W&
#7120 2 T Encephalo-galeosynangiosis (EGS) (Fig.
1) B & Encephalo-arteriosynangiosis (EAS) %47 -
TET.

COFEL, AR HEHERC 20 1~ 3{ED burr
hole % T & BIR b KRBEWE VTSRS (Frici
F® burr hole & STA ORTEHEE R L OHEEE RO
KR AUREET A bregma iEfFICH ), EHT ORI
+FUBAE Nz, EGS CIIBREEE 4, EAS Tl STA

Burr hole
( cutting the
bone edge )

Stay suture

Fig. 1 Operative method of encephalo-galeo-synangiosis (EGS).

The pedicled galea aponeurotica stump is placed on the cortical surface through

the incised dura mater.



Table 1 Summary of 21 pediatric cases of Moyamoya Disease treated with EAS and/or EGS

Age at Preoperative Operative Postoperative angiogram .
Case | Age Sex | onset Clinical course Side angiogram methods Postoperative | Revasculariza- Clinical
No. |(years) (vears) - - interval tion by EAS outcome
At Stage ¥ |ACA *¥* Main EAS | EGS (months) and/or EGS
1| 6| M| 3]|TIAs—~CS L | m | A% EMS 9 - no TIAs
(lt. hemipresis) R I AZb EMS + 3.5 Slight paresis improved
2 7 M 7 |1CS L 11 A3 EMS + 4.5 Moderate paresis improved
(rt. hemiparesis) R i Al EMS + 4 Slight
3 9 F 4 | TIAa—~CS L 111 Al EMS + 3 Slight paresis improved
(rt. hemiparesis, motor aphasia) R ur Al EMS + 2 Slight aphasia disappeared
4 12 M 7 | Involuntary movement—TIAs L 11 Al EMS + 2 Slight no TIAs
(paresis of 1t. leg) R I Al EMS + 3 Slight
5 12 M 1.5 | TIAs—CS L \ A3 (~) H 5.5 Marked no TIAs
(mental deterioration, lt. hemiparesis) R 1\ AzZb EDAS + + 6 Marked mental actiivity improved
6 13 F 11 | TIAs L v A2a EMS + 6 Marked no TIAs
(lt. hemiparesis) R it Al EMS + 7 Moderate
7 5 M 5 | TlAs L I A3 EMS + + 4 Marked no TIAs
(paresis of both legs) R I A3 EMS + + 6.5 Marked
8 11 M 11 {CS L I A2b EMS +H 25 Moderate paresis improved
(visual narrowing, paresis of rt. arm) R It AZb (=) -
9 15 M 15 L i1 A2b EMS + 23.5 Slight paresis improved
(rt. hemiparesis, total aphasia) R 313 A3 EMS + 23 Moderate
10 11 M 7 B L I Al EDAS + 7 Moderate mental activity and
{mental deterioration, paresis of rt. leg) R v A2a EDAS + 9.5 Marked paresis improved
11 15 F 15 | CS L A A3 EMS H# 6 Marked eminently aphasia improved
(total aphasia) R \% A3 EMS 5 -
12 6 F 5 | TIA L 1I Al (—) - no TIAs
(paresis of lt. leg) R 11 A2a EMS + 5.5 Moderate
13 6 F 6 | TIAs L 11 Al EMS
(1t. hemiparesis) R I Al EMS + 7.5 Moderate no TIAs
14 3 F 6 | Cs L 1 Al (=3 + 14 None paresis improved
(1t. hemiparesis) R v A2a STA-MCA + 14 None
+EMS
15 9 M 9 |CS L I A3 EMS + 12 Marked
{rt. hemiparesis, mental deterioration) R v A3 (—=) +H 8 Marked no TIAs
16| 15| F | 11 |TIAs L | I | A2 (-) H 8 Marked
(It. arm weakness) R v A3 STA-MCA + 8 Moderate no TIAs
+EMS
17 9 M 6 | TIAs L v A3 (=) H 7 Marked TIAs of
(hemiparesis, dysarthria) R I A3 (= H# 7 Marked both arms
18 6 M 6 | TIAs L I Al () + 6 None TIAs of
(hemiparesis, dysarthria) R 11 AZa (=) +H 6 None If. arm
19 6 F 5 | TIAs L 11 AZa (—) + 6 Moderate
(paresis of It. limbs or rt. leg, aphasia) R I Al (=) +H 6 None no TIAs
20 2 F 2 |CS L II A2a (—) +H 7 None increased TIAs
(paresis of rt. arm) R 1 Al () + 7 None
21 5 F 5 | TIAs L I A3 EMS +H 9 Marked no TIAs
{(paresis of rt. arm or leg) R 11 A2a EMS + 7 Moderate

* According to Suzuki et al. ', ¥ ¢f. Fig. 1. ACA indicates anterior cerebral artery; EAS, encephaloarteriosynangiosisi EGS, encephalogaleosynangiosis; EMS, encephalomyosynangiosis;
EDAS, encephaloduroarteriosynangiosis; TIA, transient ischemic attack; CS, completed stroke; STA-MCA, superficial termporal artery-middle cerebral artery anastomosis. +:
performed; H: perfomed at two places; #: performed at three places; Slight: only one cortical branch of the ACA was visualized; Moderate: a few cortical branches of the
ACA were visualized; Marked: almost all cortical branches of the ACA were visualized; None: no cortical branches of the ACA were visualized.
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DRTEAR % B ABEIR O MM TR O R I B £ 4% &
¥HHDTHBHY. SEEHRZ, YR TRBRLLE
T E Y IRASBNC oW, BIARMENIRSUE O mAT BIRE AT
270, BUTABEBIRER comTERONEY, EGS -
EAS OREMIEA, S5 EGS OERSEIZ >\
TR L.

I. 3R & H &

WL 197946 H & b 19894 2 H ¥ TOHI10ER
CHRRKERAFEABIC AR L, MhgEFccerE
T (71 U AEIREGEASESE) & BW L7c45@Th 5.
PRI, ABERFERS15RELL T o/ NEBIS6H (2 B~154%,
FHI8.98%) ¥ & UR20RELL L OB AR 9 Fl (24%~455%,
EH33.48%) THBH. Ef, WETkLow®2 2 A
LI, mIPEE - 4438 - HEREIROFRINER (6-vessel
study) %, 396 '%Xe WALIC & 2 R MMATRHIES)
1TV, ZOBRY L L ICMER B A RTAKEROTE
BEIRIC O TR L. T, ANEFITE, donor
scalp artery % recipient cortical artery & ffl < M5
BEp#ECYarRBEETH L LY, KB nio
BEAHDLERH L LY b EMS ZFICf .
BABITE indirect bypass &~ n HEHE
DR TE S STA-MCA W&Hi% EMS B LT
i, Zo5 bt EAS (31981 F128 X v 10AI164<,
EGS 11982 117 X h 226038z, * 7= EAS, EGS
PERE 301 4 e HafT L, U/ R EI21 5364
(Table 1), B AH 7 #1144 (Table 2) ®28#I504
(RIEFID 62.2%) TH 5., FAKEBIRESE KT 5
EAS, EGS Oo#hR%, W#ENEHBRER B0 2 HEl
MITEEOBE H» &, Marked: BIAKREBIREL LT
BHBIBH SO, Moderate: FLBIHIA < 2 ~ 3 DfE
whicb 4o, Slight: 1 BEIOHEE . S 540,
None ik & A FRIBIBIZR AR SR b o, o4 Fhc
3 R L 7.

THAOIES] 1 ~ 413 EAS %177\, @b EAS, EGS
AOEAL, 1984 051 BEGS 028 LT 574,
Zhit EGS oFEoffE X wing, rAmMBitc
DEVCEL T TSR LR LA FfE s 6T, 1986
FI12H B —EAREER I EGS 20 & A MmATH
B #1770y (EMI14~20, 27, 28), $E@I17~20, 27,
280 6 FlIXFERIARER . EGS 1L AREBTH AR
.

¥k, FEED Stage FHEIZHEAL kb6 S
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1. # £ S

1. BIKINENRO MITENRED S H1 & 58
A5F0MOWMITC k1 2 NEBIRBE L 5T 5 &,
FABBIROMAEEE L DV T, £ OREE S LU
RBIMATE 2 S TO 458 (ACA grading) T

7. (Fig. 2).

Ay BTABREINR O BAAT i RE AR T B Y, IEAT
i EE I h 58

Aga t KFHIERCHZE L, SNAORTAMEINRA
LTEFSh R

Agy t ACEEIIEAZE LTV %7, basal 4 1E eth-
moidal moyamoya vessels /L CTERE I
Fyis

Ay ¢ FIKBEIRARIT MG S his Wit

Z OGBS HE - TASEI0M % Beat 4 5 &, /NRBIT24
Tk Ay 140 19.4%), A 8 (11.1%), As 23
M (31.9%), As 278 (37.5%), BABISHITIE A,
10 (5.5%), Az 2400 (11.1%), A S4 (44.4 %),
As 74 (38.9%) T, /NEBI, BALIE LIRPIOEST
LickELLND Ap, Az BOBERGE L, BABIK
BU TR r OEED D - 2. Toks, PEBIIREY L
KBBIRIC ST Ay BRICAEYSTARERN T - 1<
HEEEI LA O, MRS (38.9%), BLA
BTk afll (22.2%) ThHoto. Fi, PRHEBRD
HEEFEGEE SRV L0, DRETIE Ay 2/14
fill, Ag 2/801, Ag 14/23 4, As 10/2741& Ag B,
Az BEICE Do 7o WFRTICR G 2 BT ABENIRSUR ~ DMl
BlffTes & LTid, NEBITHE, O posterior pericallosal
artery (37fil), @ ophthalmic artery (314), ® eth-
moidal moyamoya vessels (29fl)) #FEH 0T, K
AT 4, posterior pericallosal artery #MAlEIMFT#E
L UTHEEAMESY HH T 135 maxillary artery,
falx artery, superficial temporal artery, posterior
cerebral artery $B35 LTV fch, WFh b OER
BRTAMBIRO—B T Lnde o e,

133%e WA & 2 FRFrBMpRELY, initial slope index
(ISD %fEEEiL L, S8 — Y REROFEHS, BHH
HE L OBIEREEO 3B S, FREORE L
TR BISE L 2 703978 (5 B~458%, P 14.5
) T, BISEEREMERIA42( (53.8%), HWHIEHH S
W EEEREEA R T SOOI (47.4%), 2761 (34.6
%) T, BIEEAEMEEERTLOMNELEM T

Ll EDEER L0, fEkoFME T PAMBIRERKO M

\/ﬁ(

Al Ala A2b A3

Fig. 2 Patterns of blood flow through the
anterior cerebral artery (ACA) in mova-
movya disease [ ACA grading].

A1t The ACA is narrowed at the proximal
portion, through which blood flow is ant-
egrade. Ag.' The ACA is occluded at the
proximal portion, with antegrade filling via
the contralateral ACA. Agw: The ACA is
occluded at the proximal portion, with
antegrade filling via the ipsilateral moyamova
vessels. Az There is no filling of the ACA.

FAENSFET, FIAKEBRO MReEIETE S
Z ORI A OB 7 AT TR O LBEMEHTRE S R
2. EGS &4 U EAS [CLBHTAMKENRERD
MHEBEHR

D EAS T b IEMINERY £ ToOMM» 2 ~
4.5 B EL BT, ACA grading H Ay
OFEFIL 4T Slight T, EAS Bi#©o Marked (2
TEIZGTH -7, @ EGS 114 6 h H LI i
BRE LTV, Marked 2174 (44.7%) w@BDH B A
7-#%, None H 11 (28.9%) H-7-. Zhbdid, &
EAER AL F1d Ape OFEMENLEEDOLOT
Hoto. @ #HiEio ACA grading & itk ORI KREIIR
FRA~OWEIMITRE O & OB# % %4 5 & (Table 3)
grading ST LT AEFNE S MEIMTT B O L
BUWERN AL, &L L T30 (60%) & Moderate
Lo giFcflBlmaRoBRLED. @ EAS B
LU EGS BS54 A A EENRE: % T h T h Table 4
F L Table 5 1WiR L7, Fi# ClRIRMIBEBIRS 12/16
Bl (75%) EE& %<, hETIIFERENRD 23/38 /)
(60.5 %), W\~ CEHRMEHEINRS 17/38 1] (44.7 %) & E
1o AQBIMFTEE 2 TR LT\ e, 7%k, EGS DEAR
IR AITEENR A 9/13 1 (69.2 %), ~HEEENRIL 5/13
il (38.5%) LM HRMEBIROE G N & H - e,

® ftk EMS, STA-MCA W41, EDAS ik 3
W OMMEER T, BTAREBIIRSIE I H 7o i QUEMm
FTROBHARD DRI, 1.
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@@

mCBF 51.9 1987 —-1-20
(bilateral EGS)
1987 — 6 —

rogfncer 1%
* 100
-10%

mCBF 60.5

Fig. 3 Changes of the angiographic findings and regional cerebral blood flow (rCBF)
patterns of case 17, who underwent EGS (arrows) on both hemispheres.

A, B: Preoperative internal carotid angograms. C, D: Postoperative external
carotid angiograms. Hypofrontal rCBF patterns were improved after the operation.
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Table 3 Preoperative angiographic grading and postoperative
revascularization in the ACA territory

. Preoperative angiographic
Preoperative ACA grading * Total
revascularization hemispheres

Ay Aza Agp As
Marked 0 3 4 11 18
Moderate 3 3 1 5 12
Slight 5 0 3 9
None 6 3 1 1 11

* of. Fig. 1.

Table 4 Branches of external carotid artery
participating in EAS

Table 5 Branches of external carotid artery
participating in EGS

Superficial temporal artery 12 hemispheres

Middle meningeal artery 5 hemispheres

Deep temporal artery 2 hemispheres

¥ 72, EAS, EGS WfTHlofERMBInITES <
A—vhLbE, WENC 26/38 6 (68.4 %) »IRTEEE
EEEAZRLTWzL s b b3, 6T IO pattern
pEA (Fig. 3), 7flcsFL . L HICHIEE
HMEMEOBEA K Lichs, Bl i piisEER BT L
T LG Th -

—7, EMS, STA-MCA W&, EDAS OHOF
T, MERCHIEREEN S SEE LD 2H 20
T, MICHT-T 6 B9 AR EER BT LT
[

3. EAS, EGS (C&BEEDE

ASFI O IR ORER G, HENEE36 (86.7 %), #I
BEIETI36 (28.9%), HEEELM (24.4%), WE
BE108] (22.2%), KRFEBET7 6] (15.6 %), REFFEE
6% (13.3%), THEER4H (8.9%), 7 EFETH
DR 2 B (4.4%), BEEERIFE2H (4.4%),
DEWIF (2.2%) ThH-1. HEEEOHNEE, &
Eflc X 0B Th by, ERS ETFkE L2661 (57.8
%), EEEoZ2161 (46.7%), FHOALIGH] (33.3%),
a5 B (11.1%) T, SREFIO1/30 R i Tk #
ShOEBREEA LR LT, EAS A5 Wit EGS
T, TEOBOREZSEFA B EELL, o
GEFIL3> Tk, AR EMS RSB LEE TR
o TIA it L, Zf EMS MfiiaM/ EGS #H
B fTicly, fEROMES Lt —7F, EAS H5\ ik
EGS FERATREOFIZIE, WL THROBNIREL T -
TS 3 BIFFAE L e,

Middle meningeal artery 23 hemispheres

Superficial temporal artery 17 hemispheres

4. EAS, EGS 176l
Marked revascularization:

GEFINL 158 0% MEBIREY cIHERNEL,
T & AR EhY, ERTAMEIRES 3 287 EGS
Tl ot %8 H A OEMNEBIREY T2, EGS
L o&s LOENERENR, PEBEEIRAY o L CMERE
iR A S LR ORIk ARSI 0k (Fig. 4).

Marked and Moderate revascularization:

EFI6 > 130T, #ifio ACA grading i3/
MT Ag, BT AL TH-Tont, HMlIZ EAS %17
7t o IR O S BN IRIRES <13, IROABEERS L OvhEE
EERA N L, T Marked, HMflT Moderate @
BIF 2 RIBIMTEE O % B 7 (Fig. 5).

Marked and None revascularization:

CEEI23> 40D &t i ACA grading 3K
flT A, HllT A AL, Bl EGS %2iT-7c.
WHEONFEBIREE T, ERC BT ORI
HHENT, A ERAEBRE £ OREEE R N T A

Marked revascularization % i 7: (Fig. 6).

Iv. # ®

Y EVHIE, BMOEESE wREEEPNEEIRE RS,
Rk & O KB G ST i e 7o LRHSEM B (b % &
oL, O REMERES BT 22 Lo0T, 1977
F I EARBEERO—OML bh w5, Lkl
BfEOL - AHBECE L TR CREATH TS %
Tod, —HO2 Y vyIFAREBLRAT WL, R
Flic B Cit, MEFEABIRERTOMES S VLR
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Fig. 4 Case 11. upper and lower left: Preoperative left common carotid angiograms,
demonstrating few intracranial arteries. Upper middle and right, lower right:
Postoperative left external angiograms obtained 6 months after EGS (dotted
circle), disclosing many cortical branches of the ACA as well as the
pericallosal artery (arrowheads).

EoORBC IO EELMEMERY BT L5205
Rz et A BT AN s e 5 BT
FAoMTERMERL O TWARD D F7- iy
WM TRIET S Z & OEWEARICR LT BHmO
FE® # BRCMOBEEN AT AbRTW 5. Zok
T, BABICIE STA-MCA W &# %P0 & Lo lqfT
HEMBBAED & ANBGEHREE LT RicfT b

hTuwbh, BAHE < 5 indirect bypass T4+
TR OPEET & BPRGITIE, EMS, EDAS MifF
ATITlchbhTwb, STA-MCA W& IIHHE
MEFHEE TR LY, BREROEE L ESL»ICH
HBTELFIALRSH LN, FOFERII R CIESTILL
V. —J, EMS 2 L B A LB & R
BEATI 2 B0, WRORHNPLPENDL - L&, FE
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Fig. 5 Case 6. upper' Preoperative internal carotid angiograms, showing the ACA
grading to be Az on the left side and A; on the right side.
lower: Postoperative external carotid angiograms obtained 6 to 7 months after
EAS (arrows), demonstrating many cortical branches, especially in the distribution
of the left ACA.
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Fig. 6 Case 23. upper: Preoperative internal carotid angiograms, showing the ACA
grading to be A on the left side and A; on the right side.
lower: Postoperative external carotid angiograms obtained 3.5 to 4 months after
EGS (arrows), demonstrating many cortical branches in the right side, but none
in the left side.
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Pz RRHANH 5. 2R HOMTERM X 5 M
BARARCERIh TS, Ehdbos LT}, @ F
- BRERC S 5 GOHE, EROBEBORRM S5 C
EOD @ HROFMENED LicWBBRANS 5 C
EW, @ FIAMEINR, HAKBIRO MFEHE,SE LR
TCWEEBI S B & &9 @ Mokt LR
iRz - 20 Licu 2 &8, BEFahs. KRT
Tk, @OFIKBEIRSIEC k0 5 miTERRO 547
EF L WIMTHEMIC >V TEE Lic.

FEC BT AMAMBROERBEE D, BN
radioisotope angiography OFF RV A HIEHL T 5
W, EEEREM 5 b STA-MCA WEHiHRCBRET 5 —
BEOEFRESNTRIZE L &2, EMS Offific b
HERE KB L VRS L LW HIEHENDL LR
WX hTWA. SEOASFFOWFTME ST,
NRBITE27TE (37.5 %), ERABITIE7TH (38.9%)
AR (37.7 %) WRIAKEINROIRITHEE SRS
b -7, ZoOEERIE, Yonekawa BT O (18
f30%) LoBVEERZRLTED, HoRAfE
W RT KRBV R OPAZEM B L0 A LFNE <, MR
BT LB BRI RZT ORI/ T & i - 1o
MoK BRI B LT, o ERH
IEFT R R & h e VBRI N R 28 (38.9 %) -
RO LOEH L, BAGTE4H (22.2%) &4
7o <, FRIRBRCETT 2 S vbh Ty 5 REEREIR
ORI, METRE, FRCLOIRECRR ST
WhEWnz b,

Prie) (3 89Ke IR ARRIC X 5 RFTBINE BIIE & A&
FE19FIAT e, NEBI  BABDR D3R8 LI oE
fiEl, {HIEEEEIERH HEFHIBT mean cerebral blood flow
(mCBF) &gk AEEN 22—V HRL, CT L
BRSUROTFET 2 HE12E 5 AiTHE LR cEEDOHER
DHEED, FBMELTWS. ¥HIL, 5% COy HAK
A £ B COp RUSHC T, (IER - RIAH COEHHED
EH I RIS o FEW LA A AL E L,
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Fig. 7 Case 25. upper: Preoperative
grading to be Az on the left side and A; on the right side. lower:
Postoperative left external carotid angiograms obtained 6.5 months (left) to

18.5 months after EGS (arrows) demonstrating increasing collateral pathways
to the left ACA.

internal carotid angiograms, showing the ACA
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@ indirect bypass Fkk, RO E & & @M
THPEmML TS 2 &b ERTE (Fig. 1.

Bk, ABE EGS i, O ®IENVEET, Fi
BRI S E L, @ WEANE EEOMBIMmTR A 5
DB EM, @ BBHRTRVE, ML L
DNRETHDH, @ BREBEOHLLZATHNEE S
ETbfT ., BIAMBIIREEE D 0 T <, HBARKE)
R LI TE 3, ® MARARKCTRS 2 L0 T
5, LVWOFIRERLTWL, FRlifTe i~ TiE,
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HERbhi.

Fwizdedicn, EE, MHEHYEHO &
U e FR A 2 B BIT 8 AT B e S L PP — 3 i iR
ol LEd. e, AR CEEEREE: ¥ L
T AHS R (RE  )IIBER RN B
BEL), PrMERIENTE, NbE RS R o L
1. dok, FEBECEHBIEEELLEE &
HE, RIBORKENECSHL - cerebrograph
FRCHBNIEE ¥ LR R5EERMERAN R
oo LT,

2 £ X B

1) JEKEXRES, Hra—k: ENEEIREE R SIE
SE141E B ARSI B4, E30.

2) Karasawa, J., Kikuchi, H., Furuse, 8., Sasaki,
T., Yosida, Y., Ohnishi H. and Taki, W.: A
surgical treatment of “moyamoya” disease.
“Encephalo-myosynangiosis”. Neurol Med chir
(Tokyo), 17: 29~37, 1977.

3) Karasawa, J., Kikuchi, H., Furuse, S.,
Kawamura, J. and Sakaki, T.: Treatent of
moyamoya disease with STA-MCA anastomosis.
J Neurosurg, 49: 679~688, 1978.

4) Matsushima, Y. and Inaba, Y.:

disease in children and its surgical treatment.

Movamoya

Introduction of a new surgical procedure and its

follow-up angiograms. Child’ s Brain, 11: 155~170,

1984.

IR, TR, £H OE, BfBEM T4

EYHICx T % encephaloomyosynangiosis. %

BRI S B 0458, Neurol Med Chir

(Tokyo), 21: 1229~1238, 1981.

6) BIFHE=: v EvHECHT ANBNER. B
B4R 14(9) 0 1059~1068, 1986.

7) Yonekawa, Y., Handa, H. and Okune, T.:

Movamoya disease. Diagnosis, treatment, and

R

5

recent achievement. In, Barnet, H.J.M., et al.
(eds): Stroke, pathophysiology, diagnosis, and
management, Vol 2. pp805~829, Churchill
Livingstone. New York, 1986.

8) Olds, M.V., Griebel, R.W., Hoffman, H.J.,
Craven, M., Chuang, S. and Schutz, H.: The
surgical treatment of childhood movamova
disease. J Neurosurg, 66: 675~680, 1987.

9) WIEE, RIFHE=, AR, BERE— =¥
EVIRICAT S AR ORIE A 445 B A%
SR 2R RS pp 357, 1985.

10) BR F, WHEE: ROET YT Y RO
ER-EERNAMEYWSH—. B MOOK 32:
218~231, 1983.

11) Ishii, R., Takeuchi, S., Ibayashi, K. and
Tanaka, R.:

Moyamoya disease. evaluation after surgical

Intelligence in children with

treatments with special reference to changes in



1054

12)

13)

15)

16)

17)

cerebral blood flow. Stroke, 15: 873~877, 1984.
Karasawa, J., Kikuchi, H., Kawamura, J. and
Sakai, T.:

omentum for cerebrovascular Moyamoya disease.

Intracranial transplantation of the

a two-yvear follow-up study. Surg Neurol, 14:
444~449, 1980.

Miyamoto, S., Kikuchi, H., Karasawa, J.,
Nagata, I., Thara, I. and Yamagata, S.:
Study of the posterior circulation in moyamoya
disease. part 2: visual disturbances and surgical
treatment. ] Neurosurg, 65: 454~460, 1986.
Miyamoto, S., Kikuchi, H., Karasawa, J.,
Nagata, I., Yamazoe, N. and Akiyama, Y.:
Pitfalls in the surgical treatment of moyamoya
disease. operative techniques for refractory cases.
J Neurosurg, 68: 537~543, 1988.

)R8, BPE—, AR, G, BHE
Z NBEYEVRICE D S RTAME RS~ 0
IMFTEEEMT. Neurol Med Chir (Tokyo), 29: 106~
112, 1989.

Matsushima, T., Fujiwara, S., Nagata, S.,
Fujii, K., Fukui, M. and Hasue, K.:

on for moyamoya disease refractory to encephalo-

Reoperati-

duro-arteriosynangiosis. Acta Neurochir (Wien),
107: 129~132, 1990.

WS, RFFE=, AR, BPE— =+
EVHONABOEE—HIC STA OFEEEE LU
BRI & B AT AR >V T—. FI2EHAK
NBERRSVBIEITTE P8R pp 163, 1984.

18) PrAER: v VIROMEREIE F2H). P¥Xe

19)

20)

21)

22)

AR & % R E O, Neurol Med Chir
(Tokyo), 23: 720~728, 1983.

$HATEE, REREE EH-F BMOYE Moya
moya R DIERFIBEFE. g & i, 28(5): 459~
470, 1976.

MAFEL: Wb HBRMY ¢ ) ABIRIGHZE
fE7 (BIME “Moyamoya” #) DREFHIME.
B & TREE, 26(4): 471~481, 1974.

Cahan, L.D.:
synangiosis procedure in Moyamoya disease.
Pediat. Neurosci. 12: 58~62, 1985~86.
HEE NEY ) 2BIRBIAEEOBERE -

Failure of encephlo-duro-arterio-

23)

24)

26)

27)

28)

29)

30)

PRERF LML B106E FLS P4 FILH

BB ER A—RFEME L hos LT— HDE

o=k 87! 770~786, 1983.
= B3, BEER 1B, $KTEY: Moyamoya

OENEMMNES. NEMRERABTFIC 2
T. MEEESRL, 14(1): 23~29, 1986.
AHE, WIBE, Ak, BdE— =T
YRR B TR OSR—MEOKMTE
JBOUAL—. BFeeR, 8(3): 200~207, 1986.
Karasawa, J., Kikuchi, H., Kuriyama, Y.,
Nishiya, M. and Nagata, I.:
local cerebral blood flow by use of stable xenon

Determination of
and CT in “moyamoya disease”. Clinical, angi-
ographic and blood flow assessments of the effects
of bypass surgery. In, Handa, H., et al (eds).:
Microsurgical Anastomoses for Cerebral Ischemia.
pp 247~225, Igakushoin, New York, Tokyo, 1980.
Ishii, R., Koike, T., Takeuchi, S., Ohsugi, S.,
Tanaka, R. and Konno, K.:
the superficial temporal artery to the distal

Anastomosis of

anterior cerebral artery with interposed cephalic
vein graft (case report). ] Neurosurg, 58:
425~429, 1983.
Nakagawa, Y., Tsuru, M. and Mabuchi, S.:
Reconstructive surgery in 28 cases of moyamoya
disease. Operative methods, out come, and
postoperative angiography. In, Spetzler RF, et
al (eds).: Cerebral Revascularization for Stroke.
pp 308~317, Thieme-Stratton Inc, New York,
1985.
FIEptEse, IR, frcEfn, e OE, B
A&, b, BRE— PEEvEviReT
% encephalo-galeo-synangiosis, WKINE#EAT R
OREt. NEORGEE, 15(3): 185~191, 1990.
Endo, M., Kawano, N., Miyasaka, Y. and
Yada, K.: Cranial burr hole for revascularization
in moyamoya disease. ] Neurosurg, 71: 180~
185, 1989.
SRER W Fk, PR B BEIME: £V
E VO synangiosis BV A SO MEH 4+
HE. BFRERSLEE, 17(6): 515~520, 1989.
P4 %2 H21HZ4)




