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Short—term efficacy of STA—-MCA bypass combined with ence—phalo—myo—synangiosis for adult moyamoya diseases: single—
vessel bypass vs. double—vessel bypass
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[Abstract] Objective To analyze the short—term prognosis of superficial temporal artery (STA)-middle cerebral artery (MCA)
combined with ence—phalo—myo—synangiosis for patients with moyamoya disease (MMD). Methods A total of 59 patients with MMD
were prospectively recruited from January 2020 to June 2022. Thirty—seven patients were treated with STA-MCA single—vessel bypass
combined with ence—phalo—myo-synangiosis (single bypass group), and 22 patients were treated with STA—MCA double—vessel bypass
combined with ence—phalo—myo—synangiosis (double bypass group). Results Three months after the operation, DSA or CTA showed
patency in all bypass vessels. Neurological function was improved ( with a difference of mRS score before and after operation >0) in 49
patients (83.1%), and brain tissue blood supply was improved ( with a difference of cerebral perfusion score before and after surgery <0)
in 47 patients (79.7%). There were no surgery—related complications. The mRS and cerebral perfusion scores were significantly improved
in both groups 3 months after the surgery (P<0.05), and they were significantly better in the double bypass group than those in the single
bypass group (P<0.05). The improvement rates of mRS score and cerebral perfusion score in the double bypass group were significantly
higher than those in the single bypass group (P<0.05). Conclusions STA-MCA bypass combined with ence—phalo—myo—synangiosis is
effective for treating MMD, and the short—term prognosis of double—vessel bypass is better than that of the single-vessle bypass.

[Key words] Moyamoya disease; Superficial temporal artery—middle cerebral artery bypass; Ence—phalo—myo—synangiosis;

Prognosis; Double—vessel bypass; Single—vessle bypass

i JEC 55 1L 58 I, LR SR 4 2539 (moyamoya
disease, MMD ) , J&— i BRI AN BH Fr) 02 4 P 244 i 1
PRI , FHARRAE 2 200 PN Sk st R S A S H S i A 52

doi:10.13798/j.issn.1009—153X.2023.02.001
HETH . HEK H KRB 4 (82201515) 5 AL A RBH 24
(2021CFB057)

2 B4 £ 430060 B, IR ARF N R ERBE 2 AMRE(5K 2R/l
ZE LS ke RS BRIAER)

SEIVEE  BRIAFR , E—mail : chzbiao@126.com

PEATPE R A 28 , T AR IR e 30 1L A ) S
5o I S 7 1§ Sl A 1 ey R = 78
MMD i JCF 5 PR YT J7 i, 1 AEAR T MMD 9 —
LI 32T R TG i3z AR i iz ARy
R VL 3l ik - K il A 2 Bk (superficial temporal
artery—middle cerebral artery, STA-MCA) Ifil &5 W15 4
A A L R L S AR /9 — i 5 — 5l
ok =L B AR Sy 2 1) ) 2 i i R DA R 4k
S TR IR SN i N I B 7WNEZ 3 i € AN )7 S T3
28 5 MESZ R M AE T RA R DL B R 22 50 S R



R I AR 2 AR AR 2023 452 H 55 28 45 21 Chin J Clin Neurosurg, February 2023, Vol. 28, No. 2

MMD Fe £ 1 T AR J5 2R T AREOR M e 51 To g8 —
B o A SCHEDT STA-MCA 23 i AR B A 35 ILIG SR
I MMD I, 852 A8 S AR5 0BG A 73R 1Y
JrRE S AR RIR IS

1 ZAREFE

1.1 smPIEHFFRE MMD BZKIRTS 2012 4F H AR
Z9m (Willis 0 3 &A1 28) 2l 51697 fam, 3 - &
DSA 8¢ MRITESS s R H B ARGIT s HEFR IR SR
Y7 BANA T )42 1M 3 i A | DR P S i S T e
BRA G R GEREAR E R R TR

1.2 —fFH 20204F 1 ] 22022 4 6 H HiHEMHIGH
A FRUER) MMD 2 59 5] (2247 67 M >f 2R 1fil iz H
A A B 3441, Lot 25 6] 5 ARy 25~65 %, F
(47.34£10.07) % ; 1A 5 5 % 18.30~35.00 kg/m*, 1~
(23.28+3.40) kg/m*, AHFTLEPEACIEZ: L 23 H £
Hid (WDRY2021-KS040)

59 15 v, 37 48] 7 FH R S 0 A A D AR BB R UL
WOARVETT (BASC AR AL) | 22 401 % FH R MM A8 70 TR
PR LG BOARTEST (REZoridl) . A SR Bk
TGt it 5 (P>0.05,% 1)

1.3 &7 7k

1.3.1 Rar#4 KREj#E1T ek B Rankin £ 38 (modi-
fied Rankin scale, mRS) ¥F4), it st A 2R, 17 CT
T % (CT perfusion imaging , CTP ) FI| W fing IfiL {15
0, AT DSA KA H Wi A8 50 33261 T Suzuki 531
1.32 # & piRm G, BOFEML, S i
i 60°, LLHBE B BRSO 0 YIFF Sk Kz, #HIF
KBz oy B B RGBS AR B fL
BE I B BRI L BRA ER E E a A . B
i Ji) 12 8 i A i A, % A ki v sl Jok =1, I Vg
B, IR s B = )R b WA
AT LR RS IKET A, M R4 2% , DOt R e, e B
FHLAEY A7 T2 R A9838E mAITET T A MCA M4
BONSZARINAE , iR 4E STA &2 f N2 A2 GEfTFK

F1 AARAELERILE

FLR TR L5 s i PG i
(%) 47.1+10.9 47.6+8.6
PR (B, S5 i) 22/15 12/10
TR (kg/m®)  23.1(21.3,25.4)  22.9(21.3,25.2)
RIFRIERI ()
S 1f 78 28(75.5%) 18(81.8%)
Hi M A 9(24.3%) 4(18.2%)
Suzuki 5338 (34) 3.0(3.0,4.0) 3.0(3.0,4.0)

JE, LA SZ AR KAR PCBC I 3 SO A A, 1 i 2
JhioRa e e DA 2 A0 ity , S BB B T I RE , 488 BB B
Jok W) & S , 10-0 28 L ACm M) 5 5 70 FR RO
HEBR AU, g — % kit , 250 DR 1l A8 1l 30 38 1
R4

133 Mo m B SR AR R B S A
DL IR)RE 9 77 2 O 1 0 2271 7 — MCA 3 32 M4 B¢
RZIAE LSS — 3 STA 43 SXA TRV A 5 R )
NS ORI | VS 22 3/ il | NE B 7 N DR T NG
LA L 300 o A5 e Ot o M < e, 5 9
SALIEE , Wi STA RAZ A 28, B R 48 Gl L L K¢
AR B o Ui LR S R 1 5
FBRER SR B BRI STAEIE ,3 F 6 £1 %
P b E I, B NI R RSk
B2 p

L4 75 B0k OMZIREPFS  ARFTAIAR S 340 A
KM mRS AL #22 I BE , R )5 30 H mRS I3~
ARHT mRS PFAP AL 2 D RE GBI 0, 25(6>0 i
ZUIRENE s 22 (H=0 N T4k ; ZE{H<0 NP2 T hE
PERRNE . @i EmE . RE3 MM EAE
DSA 5 CTA PFAS ML I AT 38 1% R o IKHETE O -
ARFIHAIE 3 A CTP R A VAT, Ta, Ib,
Ma. b5 HEE R 1.2.3.4 55, R 34 H HiGiE
FEVT A3 — A TN P2 A I i LBk S A O, 250
>0 Ay il 1A A2 22 5 2E(E =0 Sy TeABAk 5 22 {H <0 Ay A il
s, @EE AR PRG3R,
A 35 BT AU ki A v i ik B2 9 1 25 B 11E (cerebral
hyperperfusion syndrome , CHS) .

1.5 it 477 ik SR SPSS 25.0 F M Ab B ; 1 2540
TR OB xas RO, R e K00 AR B /0l it 5%
B B R Wilcoxon BRI ES 5 THECFER
K AR 5 K 3 7K Ea=0.05

2 B

2.1 FRI7#% R34 H DSA 3 CTA &R 43 i i
B g, P A A 5 K4 38 4] e 49 4]
(83.1%) M2 T REPE: , 47 11 (79.7% ) i 20 43 1M A i
H s KRB AETFARM I KAE

22 RBEF R X677 3 b5 PZHAR BT mRS PE4>
KT ¥ g 2222 % (P>0.05) . PHAARSS
34~ H mRS P53 B il 9 1 O 4 34 W1 W g (P<
0.05) , 11 H., AL 48 43 i 21 B A 9 S i 48 4
M4 (P<0.05) o A IMAE ARG mRS PF45 2l
RN T VT i R B S R S M A A i 4l



FF I R A 2 AR 2 2023 4F 2 H 45 28 45 23 Chin J Clin Neurosurg, February 2023, Vol. 28, No. 2 - 67 -
F2 BAFRTHMLE
mRS 143 (41) FRGTE VETEAY (43)
Saxil - - RS0 (1)) - . I v A (f91])
Al FETY I : Al NI :
HIMR 3.0(2.0,3.00  2.0(1.0,2.0)° 35(77.8%) 3.0(2.0,3.0)  2.0(2.0,3.0)° 31(68.9%)
A4 3.0(2.0,3.0) 0(0,1.0)* 22(100%)* 3.0(2.8,4.0)  1.0(1.0,2.0)" 21(95.5%)"

TE: SARHTAHNLE L, * P<0.05:; 5 53 /R AU NAE L , # P<0.05; mRS. B K Rankin 158

(P<0.05), W32,

2.3 A GEAE 30 2 FHAE, B M ARFRA 3 d A
BE o ABE kB CTA K DSA 7 U Kk i v 3 ik
F T B oy S A AT A ZE  LIAT I R 2, SR pi
A LA /NR S 52 12 8 MMD (& 1A~C) o AR Hif
CTPETE BLAG < XU MCA B iy, DR ILIAE e i L 25 o

X S .
B 1 RS o ) 5 AR R B k— K B kR e 4
IS BRI FA G 7 A G AR

A~C. RAT DSACTA B 7 M) K G P Sk £ F Ao L & HR®RF L
FR) 38, VA A AN A 2, By 3R PR T I 2 /) IR e B %5 D~F. KRG 34N A
DSA 2 7 B % 3 Bik— K P 3 Bk R 3o 38 1, 161 PR AR AR
Ak 3 G~J. ARAT CT 3 2 AAR 7 U K o 3 Atk o [ Jii e 78
Ji o 5 R, Y, 3P A S 34 28 T e JA) | 3 bl AR B A 2E K AR
TR T BARTEE KN, RJG 3A A CT R i R A = A 41 T
ot R m, 2N HHEEZ;0~Q KT Za X LEY R
FLOWS00 3% &, 3% %, 5 77 47 TR W & 3 5 i R JG By 3 o 37 B 2 m
M, J i £ An

P/, Xof H 7S 3873 e B 18] X F ) ] 2B 4
U T5 0 A (B 1G6~) o 5835 R A i
5 AT STA-MCA XUSZ LA 43 56 - B AL 8
Ao AR 96 R & FLOWS00 % (4798 ) i /s
BRITURLSZ 43T A I o 8 L 1 S b, i 3 184
(E10~Q) . RJF34HEALE CTA DSA /R
Sy UL, 5 R A (B 1D~F) ; CTHEE SR
AT E O, R X R o T (A
1K~N).,

3 3t it

MMD ) il 148 3 i AR X S BEATI A E i . A
SCXEE AR HT STA-MCA 3 i AR BB LIV BORIGS7
MMD B, B 504 4 i R 5 XS LA 4 AR IR YT
MMD 530U , 25 SR R B, US4 43 i AR 1997
RO AL TS M /AR o 2488 A L B S imn AE
APRA , R A A3 AT AR 0 22 56 AL A W
FORZER T, TR ] SOREFR . Song 55!
FE— T[] JBT A 5 v e B, B ) T AR B ) R R
B[] 2 MMD iz B #EAR 5 & AR 3 & AE T AE fa s
K2, HHRTICZE H D REALXT IR 2 B F AR A
[E) T JBR B Ao ] 2 MIMD i 1 32 = A R I 3 % 1) ik
SEREMR R o

MMD fig ifiL 32 T EHEAR S5 $5c 5 WL 108 I & 2 i A
FERN = HE VR LR AR . AR B AR RT fiE e 25 R
PRIZE T R, an A FP o e | 4 B RREAS 7843 B0 A%
TRIR IMLAE 2% RN AR A5 Bl I & 5E T 738
e N O o PR A 1K=/ Rt A N1 g s
TKUEFS LG " 5 R ) N AE LT 3l 7 248k, LA K
FH T 022000 R S5 AR 1y 5 AL e i % ik 2 1 A L
PR IAY i 2R A E S STA-MCA 43 AR IR YT
MMD J5 e E I A EZ —", MMD A, F5 512
B MMD, STA-MCA 5% % Jay 08 i 1L 97 12 79 3k J3E 34
e FBURER TR, I AEAT A DEPE K M R/EGR &
PR R Lo R0 A v Y 2 B A A L A PR B
R AR, 28NS S BUK A2
Uyge gt , (A A E0nT g T S0 & AE R/ sER Kk



R I AR 2 AR AR 2023 452 H 55 28 45 21 Chin J Clin Neurosurg, February 2023, Vol. 28, No. 2

Jig s PR B BUSZ I A 43 I A LG AR
T T G £E 2 At A B4 TR s, R T AR S ik e v
CRANERY RS o FRATHE Bl A BN e 8
28 KB/ MR TG ST , T A% AE RIS A FRAE 120~
130 mmHg, A7 R REAR T A ki 5 8 11 fii 21 2 e
MRS,

Zhao ZE"FY 7K, Suzuki 433 B 45 & MMD %5
ARG BRI A Bk ST fE R &R, ABER mRS P40 5K
S W I LR AR ST ARG . I A S R, KT
ke 1t 2R B A i A i R v T 2 A A S T
BRI, ASCE R B, RS 34 H kil £ MMD 5
A 25 Ty i TR B B A A 15 L Y B S AR T o i Y
MMD, J5 X AT 58 5 A% SO 51 AR I Suzuki 43 AR X 44
H ORHT mRS PR X 3 A

SR, ARSI — AU T, BEAS i/ HL B
Z ARG LB 1 2E e bR AT AT 2l RAEEAR
(I RTHEPE IR PRIF 78— IR SE . (EAR SO B AR 20
X8 —, TR 22573 FEHG 22 70T RETERN,
A SCES IR AT R — 2 B4R 2

(&% k]

[1] Research Committee on the Pathology and Treatment of
Spontaneous Occlusion of the Circle of Willis, Health
Labour Sciences Research Grant for Research on Measures
for Intractable Diseases. Guidelines for diagnosis and
treatment of moyamoya disease (spontaneous occlusion of
the circle of Willis) [J]. Neurol Med Chir (Tokyo), 2012, 52:
245-266.

[2] Liu JJ, Steinberg GK. Direct versus indirect bypass for
moyamoya disease [J]. Neurosurg Clin N Am, 2017, 28:
361-374.

[3] Rashad S, Fujimura M, Niizuma K, et al. Long—term follow—
up of pediatric moyamoya disease treated by combined
direct— indirect evascularization surgery: single institute
experience with surgical and perioperative management [J].
Neurosurg Rev, 2016, 39: 615-623.

[4] Li Q, Gao Y, Xin W, et al. Meta—analysis of prognosis of
different treatments for symptomatic moyamoya disease [J].
World Neurosurg, 2019, 127: 354-361.

[S] Song T, Liu X, Han R, et al. Effects of end-tidal carbon
dioxide levels in patients undergoing direct revasculariza—

tion for Moyamoya disease and risk factors associated with

postoperative complications [J]. Medicine (Baltimore), 2021,
100(7): €24527.

[6] Tominaga T, Suzuki N, Miyamoto S, et al. Recommendations
for the management of moyamoya disease: a Statement from
Research Committee on Spontaneous Occlusion of the
Circle of Willis (Moyamoya Disease) [J]. Surg Cereb Stroke,
2018, 46: 136-140.

[7] Fujimura M, Kaneta T, Tominaga T. Effcacy of superfcial
temporal artery— middle cerebral artery anastomosis with
routine postoperative cerebral blood fow measurement
during the acute stage in childhood moyamoya disease [J].
Childs Nerv Syst, 2008, 24: 827-832.

[8] Tu XC, Fujimura M, Rashad S, et al. Uneven cerebral hemo—
dynamic change as a cause of neurological deterioration in
the acute stage after direct revascularization for moyamoya
disease: cerebral hyperperfusion and remote ischemia
caused by the ‘watershed shift” [J]. Neurosurg Rev, 2017,
40: 507-512.

[9] Fujimura M, Kaneta T, Shimizu H, et al. Cerebral ischemia
owing to compression of the brain by swollen temporal
muscle used for encephalo—myo—synangiosis in moyamoya
disease [J]. Neurosurg Rev, 2009, 32: 245-249.

[10] Kameyama M, Fujimura M, Tashiro R, et al. Signifcance of
quantitative cerebral blood fow measurement in the acute
stage after revascularization surgery for adult moyamoya
disease: implication for the pathological threshold of local
cerebral hyperperfusion [J]. Cerebrovasc Dis, 2019, 48:
217-225.

[11] Fujimura M, Shimizu H, Mugikura S, et al. Delayed intra—
cerebral hemorrhage after superfcial temporal artery—middle
cerebral artery anastomosis in a patient with moyamoya
disease: possible involvement of cerebral hyperperfusion
and increased vascular permeability [J]. Surg Neurol, 2009,
71:223-227.

[12] Zhao M, Deng X, Zhang D, et al. Risk factors for and out—
comes of postoperative complications in adult patients with
moyamoya disease [J]. J Neurosurg, 2018. Epub ahead of
print.

[13] Yu J, Zhang J, Li J, et al. Cerebral hyperperfusion syndrome
after revascularization surgery in patients with moyamoya
disease: systematic review and meta— analysis [J]. World
Neurosurg, 2020, 135: 357-366.

(2023-01-12 it , 2023-01-28 & [1])



