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Direct Vascular'Reconstruction to Anterior and Middle Cerebral
Artery and Its Effect for Moyamoya Disease
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Summary: Vascular reconstruction for moyamoya disease can be achieved by STA-MCA anastomo-
sis, STA-ACA anastomosis as direct revascularization, EDAMS (encephalo-duro-arterio-myo-synan-
giosis) and EGAS (encephalo-galeo-arterio-synangiosis) as indirect vascular reconstruction. We revas-
cularized 19 hemispheres of 13 patients—4 pediatric and 9 adult patients—using STA-ACA and STA-
MCA anastomosis, EGAS for the medial frontal lobe, and EDAMS for the lateral frontal lobe. All of
these procedures improved cerebral blood flow in the frontal lobe, resulting in improved mental and
intellectual acuity in pediatric patients, which was apparent from obviously improved concentration
and intellectual ability soon after surgery.
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Skin incision and dissection.

The skin should be incised from the front of the tragus
towards the vertex just above the parietal branch of
the superficial temporal artery (STA), and then gradu-
ally curved towards the anterior midline. After reflect-
ing the skin flap, the frontal branch of the STA should
be dissected. Small branches of the frontal STA branch
must be meticulously dissected for STAMCA anasto-
mosis.

Fig. 1

CHEET S, ZODEYTFH A VidFig.1 ® T & < hair
line S EFMHEZEFIC10cm BEEITL, EHBRICH
L60EDAETHELMIH—7 L, STABETAMKE L H
X tragus ERTICE D K & % question RO E P& %2 5 L 9
A, REABEOMICSTABRBEAIRES S
FHEEL, AEBEZFELZLEIADESIZHEMO
STARBRL T3 H M - BHIETHEL. AEBIIER
Plistk, EHRORMYRBREEE THET 5.

2. STA%IBE

STABHTERIIEYIOE T CHIRTAIENTEL L)
BB E THA 3505, HEKREARIILLAA, 20454
b 2-3cmBEIINS /N A donor & LTHEHTE S X
) HBERAT A, MEKROTH L FEBRICHEEL, STA-
MCA anastomosis & L T motor cortex, supplementary
motor cortex & 5 VIZEA LIRTIIEFEFHEBAND /NS
ISAHTE S L double &\ Lid triple STA-MCA anas-
tomosis AT & % & 9 ICH#MET 5. BHKDO Bz + 5
WCHMETHZ EIZL D, ATKBEBEIREEAD double anas-
tomosis ASW BB & 72 5. ¥ 72 B KBX BYAR SR E £ 0 BASEER
TIESTARIBEBRDO % KEBME & 3 % F % galeal flap
* encepahlo—galeo-arterio-synéngiosis (EGAS)E ¥ 5720,
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Fig. 2 Dural incision for craniotomy.

The medial area of the galea is dissected including
the STA frontal branch as a pedicle flap for EGAS
covering the medial frontal lobe. The dural incision for
medial frontal rectangular craniotomy is “K™shaped for
left, and reverse “K’shaped for right craniotomy. The
cut dural flap is reflected into the subdural space touch-
ing the frontal lobe surface. ’

# { galeal flapIRPUC & B2 EREENLE I NBHAIC
X, EGASIZd» 2 CTIiTh ¥, RiSHEHEEZ A% THEEH
#% L vascularized pericranial flap & L Cf#ifH L encephalo-
periosto-arterio-synangiosis (EPAS) & L T i & A &h ik 8
BE L RABEEROMIE Sy FICHWA Z & H TE 5 (Fig. 2).

3. BHER

FABEIL linear temporalis 3% & L 7-HIGABHEE & BiSEFATA
® dual craniotomy # 1T\, linea temporalis TH& 1 cm 2
F€ @ bone bridge# 5 L 7z B & L T, XX bone
bridge I tenting LEE L TH <. HFEMBEIZ linea tem-
poralis D% T 75 T sylvian fissure # EAHICEHT 5 K&
SOREE LT, PHEESRLESL 2V EIFERRCVE
Bodb tRELITY, PHEBEER % donor & 75
encephalo-duro-arterio-synangiosis (EDAS) I2fi§ 2 5. H
TREEIAR % iR 2 CREBEYIRE 21T, WETICWRL
oM % #lds L EDASHAMICITONE Z L2 HIFET 5
(Fig. 3). linea temporalis @ PIfIl %% Al SA BABEEB C i1 A BA
BATIE midline 23 L K OF, ZERBETIZIK OFHRIZY)
B LRERR T (o883 % (Fig. 2).
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Fig. 3 Anastomosis.

The lateral part of a frontotemporal craniotomy should
proceed immediately after the linear temporalis for STA-
MCA anastomosis and EDAMS. The middle meningeal
artery should be preserved for effective EDAS. The dura
is cut to expose the brain suface as a reflected flap
into the subdural space. Smaller branches of frontal
and parietal branches of the STA are anastomosed to
the cortical middle cerebral arteries. Another branch
of the frontal STA branch is anastomosed to cortical
anterior cerebral arfery. A groove should be prepared
on the bone bridge between both craniotomies to
secure blood flow in the frontal branch of the STA.

Fig. 4 Suturing the temporal muscle.

The galeal flap is sfitched covering the medial frontal
lobe as an EGAS, and the temporal muscle should be
sutured and fixed 1o the dural edge of the frontotem-
poral craniofomy as an EMAS.
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Fig. 5 Titanium plates and craniotomy line.
The medial bone flap is fixed with titanium plates and
the frontotemporal craniotomy bone flap should be lift
ed using crankshaped ftitanium plates and the pro-
truding frontal bone edge must be drilled away to con-
struct a smooth craniotomy line.

Fig. 6 Final bone positioning.

Because the temporal muscle is planted under the bone
flap for EMAS, the lifted bone flap and the bone
pieces piled on it compensate for the position of the
temporal muscle in the temple. The piled bone pieces
should be covered by the temporal fascia with nylon
blade sutures to fix them onto the frontotemporal bone
flap.

4, EENMITHER

FBER T #%, RIS STARER % H 7 STA-ACA
anastomosis % A 58 B BE & T1T 9 . Al K BN B AR 13 inter-
hemispheric fissure % 147 L RTSEEP S MM ERICEM T 5
R4 % recipient & L CHEFRT 5 (Fig. 3). B@HBIFEABIBAET
DEF L HE D 28T TYWA I8 L 7= recipient & A2

B ENTESD (Fig 3). TOMWOEAR KKEIKIZ 0.5

mmBEDOMEETH 5728, donor TH 5 STA bED
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RIZ trimming $5. W&IZIZ11-0F /0> 2EHL, &
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Fig. 7 Case 8. 45 y.o. F. Preoperative DSA.
left: Right internal carotid angiogram shows the stenosis of C1
portion of internal carotid artery, severe stenosis of proximal
Al portion of anterior cerebral artery, and occlusion of prox-

imal middle cerebral aretry.

right. left common carotid angiogram reveals cervical internal
carotid artery occlusion. The blood flow of internal carotid
carotid artery depends on the collateral blood supply from exter-
nal carotid artery via the ophthalmic artery.

Fig. 8 Case 8. 45 y.o. F. Pre and post operative SPECT.

left. Preoperative study shows the reduction of cerebral blood flow in bilateral middle
cerebral artery territory and left anterior cerebral artery territory.
right: The CBF improved in bilateral MCA territory and left frontal ACA territory after

the vascular reconstruction.

HHEBEPTREAR T X AUTEE X STA-ACA double anasto-

mosis %179 (Fig. 3).
HIBEBAGAER T STA-MCA anastomosis % double 7 \»
L triple T479 %%, RIETHLRIEE L AITHEIC I AT ON

ANZADBADLHITL T B (Fig. 3). WIEMLFERTIE

EEHF~O MM EE R & 9 T recipient D #IR % 17
9 (Fig. 3). donor & 7% STA (XFETES O 75F; L BHTAR Z
DH D% recipient DMEFICHbETHEHL, 11-0%w

L10-0F 1M arkzHNTYET 5.

STARIEAK:, BHEREITEXAZ2IREEICELTED
#B5ILICEY, STAZD L D% 5HEAOBEMITHE
BIMFTE B (Fig. 3).

5. EGAS & U EMAS
BISAEZRBHBEER T3 STA % feeder & 9 % & % galeal flap
PRABTEXLEAICIE, The@E/ sy FL& L THEERASH
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Fig. 9 Case 8. 45 y.o. F.

A: Postoperative right external carotid angiogram.

B: Postoperative left external carotid angiogram.

Bilateral external carotid angiogram reveals STAMCA and STA-
ACA anastomosis are patent and neovascularization  from

EMAS and EDAS can be seen.

Fig. 10 Case 4. 5 y.o. M.
Bilateral internal carotid angiogram shows moya-
moya vessels around bilateral middle cerebral
artery and severe stenosis of bilateral middle and
anterior cerebral artery.

ICHWA., galeal flap ASEREUAEE 2 358 121 vascularized
pericranial flap {2 & ) BEREFZB %2 47 . MISHREE TI3H
FEBF IO BRI L CB WIS A Sy F & LTH
BICHEHLEMAS 5. ZOBRBEGEIZ#OBTEIC
RS 5720 H BE#EE LR L T3 < (Fig. 4).

6. B - EHBOEE
RIBARRBABE B IR F4 7L — P2 AV TEEY
5. WEBIHEE Tl EMASIZL ) Ko =RIEHBDEH %
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WET B D CHEEROMNBE 7 7 v 7 BICMTI L
FZ 7L =P Tlmm» 5 2mmBERHEL EIFA L)1
EsE L, high speed drill CHERYMI%4TH. S HIZH
GRS ICEREN L 72 /hVE R R RIS R MIBICED LiFs &)1
747 VHTEDOL, REEICHEREL TSV
REGETIONERREBCERICELATEEY 2
(Fig. 5, 6). ZDHMEIZL Y Ko HEBHOE S ZHE
BTHY, MEOIDHIAPLAUEBORREEEZR LA
W He & % 5 (Fig. 5, 6).
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EFBREMN, EEEEMEITo 2.
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Fig. 11 Case 4. 5 y.o. M.

left. . Preoperative SPECT reveals the decreasing of CBF in bilateral frontal lobe.
right. Postoperative SPECT shows the improvement of bilateral frontal CBF.

Fig. 12 Case 4. 5.y.0. M.

A: Postoperative right external carotid angiogram. A| B
B: Postoperative left external carotid angiogram.

Bilateral external carotid angiogram reveals STAMCA and
STA-ACA anastomosis are patent and neovascularization from

EMAS and EDAS can be seen.

AR 537K 48 2 & 72 Fi SR 3 R 1 SE v ) ML WA T % 520 7z (Fig.
8 left). COEFTIIMMA TAEZMEITL 4. WKk
STA-MCA, STA-ACANA RADRFIIBRIFT(Fig. 9) /&
il SR B Wi KB B AR IR oD 1ML 9% b 2% L 7= (Fig. 8 right).
Motk 6 4F 2 REB LANE M BAERH - 2 BEEOMBL <,
REFLBEMFHRIBOR TS,

Fig. 103 (EBI4) 57% 5 R 04025 ws mifl P SEBD AR %
T, MR RBEBINR - ATRANEINR O Bk 2E & R0, ¥
S O—BYEREIM T L MEERE - STEREREERZD

7z, B FARTE T i 70 i B 38 0D I 2 N L SR T % 3%

7z (Fig. 11 left) 728, AT & 2 B 47 B 2 WK
B FERICN L TITo 2. WiskiIRE M REIE XL ISHE

L, WE3HE»SAMAIashEDBEOMATL 1/ %
MolBEF ¥ T 75—, BEROBEHERL THY
b Loz Witk 14 B ORRIMEHR I3 EME
BiRA S P RBBIARTEIR, A KBRBIAR IR~ D B 72 47
BEMFEON, FRICHBELITERYS b MR
bh7z (Fig. 12). BN SPECT < & il i 55 2 o i i
THFEHIZEEL T 5 (Fig. 11 right).

Z =

bR H RIS T AR MATHER IR L ) BN
fTA#E L L TSTA-MCA anastomosis, F#HMITHEL
L T multiple burr hole”!?, encephalo-duro-arterio-synan-
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Table 1 Profiles of patients undergoing vasoreconstructive surgery

Case Sex Age atfirst surgery  Symptoms at onset Side Number of anastomosis ~ Complication  Postoperative symptoms
1 F 33 hemorrhage right Egﬁi\/\%ﬁ;i 12 none no more hemorrhage
A3-A3 X 1
2 F 52 hemorrhage right R.STAACA X 1 none no more hemorrhage
R.STAMCA X 2
L.STAACA X 1
3 F 57 hemorrhage bilateral LRSSTTI;IX\((::::: ]2 none no more hemorrhage
R.STAMCA X 3
tgﬁf/\%&i ]2 TIA disappeared,
4 M 5 TIA bilateral ' none  improved intellectual ability
ROTAACA X 1 (WISCI: 54 1084)
R.STAMCA X 2 o
L.STAACA X 2
. I ' L.STAMCA X 2 improved intellectual ability
5 M 5 intellectual impairment  bilateral R STAACA X 1 none (WISCHIE: 71 10100)
R.STAMCA X 3
L.STAACA X 1
, L.STAMCA X 2 improved intellectual ability
6 F 7 none bilaterol g STAACA X 1 noNe T IWISCHIl: 140 10150]
R.STAMCA X 2
LSTAACA X 1 .
S 3 TIA, seizure, bl L.STAMCA X 3 o T dj"ppe"’fd't.
It. monoparesis fatera R.STAACA X 1 one tmprO\ée concentration
R STAMCA X 2 and monoparesis
L.STAACA X 1
8 F 45 infarct, bilaterol L.STAMCA X 2 none no more
intellectual impairment R.STAACA X 1 ischemic episodes
R.STAMCA X 2
Y X
9 F 53 TIA right Sgﬁﬁ‘/\%} % ]2 none TIA disappeared
) R.STA-ACA X 1 - no more
10 F 59 hemorrthage right R STAMCA X 2 wound infection ischemic episodes
: . . R.STA-ACA X 1 no more
M F 48 infarct right R.STAMCA X 2 none ischemic episodes
. L.STA-ACA X 1 no more
12 F 3 infarct e L.STAMCA X 2 none ischemic episodes
. . R.STAACA X 1 no more
13 M 42 infarct fight R.STAMCA X 3 none ischemic episodes

TIA: transient ischemic atiack, WISC-II: Wechsler intelligence scale for children-ll

giosis (EDAS) 16 encephalo-duro-arterio-myo-synangio-
sis (EDAMS) ', k@B i Eaie ST &2z, &
KEBRFEIBANDOEEWMITHES L CHEMLITHRED
BRTIRBIF2 WKL EH S STV e
STA-MCA anastomosis I3 H i B Ik 38 (2 W) & SERLEL %
2O MFAERATETH ), BEZMBEIEHREES
EHTEET, PRBEBRBBOEMIZIZZE LD TENLE
s, LarL, PRBEREBOMKREFICE:, b
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HEBEETIBREING, T, AELRLRHIIBIT L
BmiTERMEOMESE I, R0 - IRHBHTEIC
L AMATHEDIZ) A%, PRBICL 2BREN2MTHE X
DOMBRTH oL D T ERSIIND § 2 4 25
/NRBITIZ STA-MCA anastomosis & & b IZWEEZRFR D
STA-ACA anastomosis % #f 3 % Ji & BA b 11T B i A5 4
BEThbrLZELOLNS.

Z O & T KRB AR FEIR O 8 i AS STA-MCA /8 £ /%
AZ2fTol2DBHITE I o 72BEITIE, TTICSTAD»ER
BEATHL720, FIRNEREBNOBEZENMITHERIIR
WHETH ) BMOETZ T 20 FELS L. Lk
HBoT, bRLLHOMTERLIT) BRICIE, WEROKRE
AT - RIBEALIC X B AT KRB AR IR O B I 2L LIS T
KB% STA-ACA anastomosis % STA-MCA anastomosis &
LB, FRCITILENSSHD LEZ NS, RIRBHEIR
ERAOMATHE L U CHENMmTER'S 2 EEM w7
BEYYO#HETAE S ODBR SN DA, EEHML
THRIEENERETEIZL, & LANARBRER
O ML BEHE 7T #E % donor ME DHEMRZHEETH 5 72012,
FENMITERZ BTS2 28420 RBEXHEH DD
EEZOLRBEY. TTEHESR TV T LY, Kkl
superficial temporal artery (STA) DRIFEM % IEFIHRIZW
TARMBEITERERPORS HBETL I LICED, Al
SHENREBIC 57§ 5 BT RN BI IR B AR\ E R A % T HE
& L7z. STA-ACA anastomosis # 1T 9 & 121%, Kix¥E
RER%Z L2%> TETEFH» SHAMICRIEER@mICIT L
b > CERITT 2R ABRBROELER LAV L LWV, &
i van der Zwan® & DK BBIIR X B S 1R > B/ N &
recipient IRENRPW L LTV 5B, AMANRTRTHEH R
LRWRANRBUCLENE ) P RTAHATH B, Lt
HER D EF AT F A S midline hair line \2FE 5 curved skin
incision (2 & 2 AIEHMBERAE LTI MRz MEFM L LT
fTvy, STA-ACA anastomosis #1743 STA-MCA single
anastomosis £ EMAS 2 E OB #ERNMITHEE 21T T
STARIBEMRZRFLAL LT, STARBERIIRYSB X
UK Fr- 808 D Bt B T linear temporalis PRI 3 THIHT &
N5 72% cortical ACANDODYEIZRIVREY 2L %D
&, &5HiTvan der Zwan 5 A7 B KR ENAR 32 BL SIS
B/NHLFEM T cortical ACA % HEfR L recipient & 4572
121%, Fig. 1137”3 LB midline RIZEYI% & ) IEF#
EDE) ETOFNEMAEISLETH L7720, BFEMIBIT
% STA-ACA anastomosis IR §Ed 5 i3 & b od CHEE
ChbeEZONS,

AMRTINRPITII—EDMEERERRIF LN D
A%, BB OB T MBS ERIIBO 2o L
7e25o T, BABITIZAEEEEL HR L LT KEXEIIR~

DERNMITHFREOERIV 2 VEEXONE. L LE
Ah, BMABITIIEIRBEALIERZE OIS FRBhIRE
ZEL - IERL LR L RWRHOETT, HLVEHEDE
BFIC & 2 AT KA BY AR BURAN DI ZE M B A MEFROD L
IR A Z2HEIIE, ISR EH A S AT KRN EIAR SIS~
MITHELET L EEHLOTHETHS. ZoBEA»S
bR L LMANDABIGEHRE L CRAEBIRE A\ 7ol
MmTHRELEBRT 2B, FHTE2bOTRTE
PEOFRTHAL, HREEINR - 57N B)IR M M iR %
B MATAEICE Y, ZOROBUEMERTHICED S %
ENH 5. HEFM CHRMERFEBRANOMITEREETH
¥, TOMBICHRBEIRFROBEENIRET LT o2
%a, 3 TICZ DORIKREIARFRA~ O MAT BHED#EE B iR
Wil oTLI I P Lz alkit - TFIEE2ZEET
e, 2B LHMEFHTERATE 2 FF—ME, miKe
BT ERE - HEOMITHROME L LTHEATE
THELEZTVS,

= B

LR HRRICBITS EJ%E‘JHM?EE & L TSTA-ACA
anastomosis % £ F 3 % A KB EIAR - KB BIAR SEIRA~ D

| MATRREOKRIC OV THRE L. IATHRATHR RES

BAELAY, HAREMFEFHRALIEED) X7 2%
BL, SERITEEZITI BIZZomRCr»b bR
BFOBEL TRZMVFIAL, RRBOHERDRIES
NHEIHIEBTRETHS.
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