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[ Abstract)
cerebral artery (MCA) as the recipient artery. There is a high risk of ischemia in the blood supply area of

Background Bypass surgery for moyamoya disease (MMD) mainly used the middle

the anterior cerebral artery (ACA) during the perioperative period and follow - up period. This study
compared and analyzed the efficacy of superficial temporal artery (STA)-ACA and STA-MCA double barrel
bypass and STA-MCA double barrel bypass in the treatment of MMD. Methods In total 41 hemispheres
of 32 ACA territory ischemic MMD patients were treated from January 2017 to December 2020 in The First
Hospital of China Medical University. Separately performed STA-ACA and STA-MCA double barrel bypass
and encephalo-myo-synangiosis (EMS; ACA group, 10 hemispheres of 10 patients) and STA-MCA double
barrel bypass and EMS (MCA group, 31 hemispheres of 25 patients). Compared and analyzed STA blood
flow [including cut flow (CF), blood flow and cut flow index (CFI)], bypass vascular patency, cerebral
perfusion [including the relative value of mean transit time (MTT), time to peak (TTP), cerebral blood flow
(CBF) and cerebral blood volume (CBV)], neurological prognosis [modified Rankin Scale (mRS)], and the
cerebral ischemia and intracranial hemorrhage morbidity and mortality in perioperative period and follow-up
period. Results Thirty-two patients successfully completed 41 hemisphere operations. Intraoperative STA
CF value of ACA group was significantly lower than MCA group [24.00 (15.38, 53.00) ml/min vs. 47 (36,
70) ml/min; Z =-2.547, P =0.011]. CFI of STA one week after operation of ACA group was significantly
greater than MCA group [3.57 (1.66, 4.66) vs. 1.30 (0.75, 1.70); Z = - 2.357, P = 0.018]. No statistical
significance between 2 groups in STA blood flow one week after operation [82.00 (62.50, 103.00) ml/min vs.
75.00 (27.90, 104.50) ml/min; Z =-0.221, P =0.825]. The ACA group anastomotic patency rate was 12/12
and the MCA group was 81.58% (31/38), the difference was not statistically significant (x> = 1.268, P =
0.260). Bilateral frontal ischemia was observed in one hemisphere operation (1/10) in ACA group at
perioperative period. Frontal ischemia was observed in 4 hemisphere operations (12.90%) and hemorrhagic
temporal occipital infarction was observed in one hemisphere operation (3.23%) in MCA group at
perioperative period. There was no statistically significant difference in the morbidity between 2 groups
(Fisher exact probability: P = 1.000). No cerebral ischemia, intracranial hemorrhage and death occurred in
ACA group, and surgical side frontal ischemia was observed in one hemisphere operation one year after
operation in MCA group. There was no statistically significant difference in the morbidity between 2 groups
(Fisher exact probability: P = 1.000). ACA group improved in 6 hemisphere operations (6/10), no changed
in 3 hemisphere operations (3/10), deteriorated in one hemisphere operation (1/10). MCA group improved
in 10 hemisphere operations (32.26%), no changed in 17 hemisphere operations (54.84%), deteriorated in 4
hemisphere operations (12.90%). There was no statistically significant difference between 2 groups
(Z=-1.355, P=0.223). Conclusions The STA-ACA and STA-MCA double barrel bypass in the treatment
of ACA territory ischemic MMD patients can obtain good anastomotic patency rate and satisfactory long-
term efficacy. Compared with the STA-MCA double barrel bypass, this surgery can obtain higher STA CFI,
while long-term outcomes of patients were the same.

[Key words] Moyamoya disease; Cerebral revascularization; Temporal arteries;  Anterior
cerebral artery; Middle cerebral artery; Cerebral angiography
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Table 1. The comparison of clinical data between ACA
group and MCA group

WEEAE bR ACA# MCAYl  Hitwf P
[ (%) ] 10 25 — 0471
Btk 6/10 11(44.00)
Ltk 4/10 14(56.00)
I M(Py, Prs) %] 28.00 35.00 -0.914 0361
(10.75, 49.25) (26.00,49.00)
(%) ] 10 25 — 0043
>16 % 6/10 23(92.00)
<16 % 4/10 2(8.00)
e i1l (%) ] 4/10 9(36.00) —  1.000
1 g 5% [ 1] (%) ] 5/10 13(52.00) —  1.000
WA >6 A~ A [il(%) ] 4/10 6(24.00) — 0421
R > 6 4 H L#1(%) ] 1/10 1( 4.00) — 049
KT IR (%) ) 10 31 0.006 0.936
it ¥k A 5/10 18(58.06)
H i A v 5/10 13(41.94)
e N ] 32.00 15.00 -1.231 0218
[M(P,;,P,5) ] ( 8.50,156.75) ( 8.00,27.00)
B R REFA 10.00 9.00 -0.187 0.852
W[ M( Py, Py) ] (3.00, 45.50) ( 5.00,23.50)
WA R ETFA 39.00 23.00 -1.381 0.167
[ M(Py, Pys) T (32.00,529.00) (13.50,43.50)
ABER mRS 14 10 25 — 1.000
[#il(%)]
0-2 10/10 24(96.00)
52 0/10 1( 4.00)
AR 5557 55 A 4 01 10 31 -0.952  0.341
[HIR(%)]
11t 1/10 1( 3.23)
1444 4/10 12(38.71)
IV I 5/10 13(41.84)
Vi 0/10 2( 6.45)
VI 0/10 3( 9.68)

— , Fisher exact probability, Fisher iy VM R x> test for
comparison of onset of the form, and Mann- Whitney U test for
comparison of others, & i % 219 L5 AT x> K 50, Ho A% 4% 100 48 A5
A9 LL %47 Mann-Whitney U £ % . ACA, anterior cerebral artery,
K AT 3 Bk s MCA, middle cerebral artery, K Jiii /3l fik ; mRS,
modified Rankin Scale, 2 B Rankin & 3
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Table 2. Clinical data of 10 cases of STA-ACA and STA-MCA double barrel bypass combined with EMS

w5 T wd O wena AREEE AMMES ATSAGE KBRS oy AR __tBT
1o20194F 1H bk 11 lmdEAd 27 \] 25.00 95 3.80 $ELY7) 0 0
2 20194F 3H Bt 28 BriEAd 69 I i 52.00 = i 1 0
30 200194E 501 BiE 10 SRR 10 Vi 28.00 57 2.04 i@ 1 0
4 20194 61 Lt 59 HimAEAT 37 I 44 23.00 82 3.57 — 0 0
5 20194 971 &M 7 BULEEAT 22 IV it 12.00 12 1.09 LY 1 0
6 20194E11H FE 12 A 39 1] 22.00 123 5.59 — 2 0
7 20194110 &tE o 28 sRMERT 2 I8 15.00 74 4.93 1% 1 3
8 20204F 84 Uitk 46 iyimpEEEh 638 IV i 69.00 109 1.58 i 2 2
9 20204F 9J1 HH 60 BMHEAT 4 1 15.50 68 4.39 — 1 0
10 20204812 B 42 WA 420 IV i 56.00 97 1.73 — 1 0

modified Rankin Scale, 2 & Rankin i 3

R3 ACAZL S MCA 4 B 80 0 bk L 48 B 19 HL 3R
[M(P,;, P,,) ]

Table 3. The comparison of blood flow index between ACA
group and MCA group [M (P,;, P,s)]

— ,not done, KKl . STA, superficial temporal artery, i s Bk ; CF, cut flow, ¥ 3] 3% & 5 CFI, cut flow index, ¥ %) 3 & 45 %0 ; mRS,

F®4 ACAH G MCAHEH T ARG CTPH5 45 2 fHAY Lh 4
[M(P,, P,) ]
Table 4. The comparison of difference value of CTP index

of patients in ACA group and MCA group before and after
surgery [M (P, Ps)]

N e - =)
mil g DO gy ARMER oy cpigg
(ml/min) (ml/min)
ACAYL 10 24.00 10 82.00 9 3.57
(15.38,53.00) (62.50,103.00) (1.66,4.66)
MCAZ 31 47.00 23 75.00 9 1.30
(36.00,70.00) (27.90,104.50) (0.75,1.70)
VA -2.547 -0.221 -2.357
Pd 0.011 0.825 0.018

ACA, anterior cerebral artery, K R/ B Bk ; MCA, middle cerebral
artery, KKt B Ik ; CF, cut flow, ¥ E 3 & ; CFI, cut flow index, ¥
T 45 £

3 BlkE MTT(s) TTP(s) CBF(%) CBV(%)
ACAZ 9 -0.10 -0.50 575 437
(-0.45,0.25) (-2.55,0.10) (-15.44, 8.35) (-29.06,15.89)
MCA# 9 0.00 -0.70 13.56 6.25
(-0.70,0.40) (-1.15,0.90) ( 0.95,25.60) ( -2.63,26.96)
A 0.000 -0.067 -1.703 -0.835
Pl 1.000 0.947 0.089 0.404

ACA, anterior cerebral artery, KM BT B Bk ; MCA, middle cerebral
artery, K P K s MTT, mean transmit time , “F- 3 3 3 B [8] ; TTP,
time to peak, ik W5} 6] 5 CBF, cerebral blood flow, I Ifil 3t £ ; CBV,
cerebral blood volume , i Il 2% &

£ DSA, 12 W) & H Y5, A 14 538 1% % 100% ;
MCA 41 A 16 I (19 Ik ) R J55(3,7) M H K&
DSA, 314N W& g, B 048 38 1% 81.58%(31/
38) Al EF LG I E L (x*=1.268,P=0.260) .

ACA 40 94 (9 vk ) A MCA 21 9 i (9 % 1)
A3 F AR FTRAR G 1847 CTP K 4, W 40 MTT A7 Xt
{E (P =1.000) .TTP AHXf {H (P = 0.947) .CBF 4 %} {
(P=0.089) .CBV FI XA (P =0.404) 22 % ¥ L5 1T
¥REN(FEL,

ACA #1 Fl MCA 4 4+ 7 T AR J5 10.00 (3.75,
15.50) F112(12,12) > J R mRS & R #f 22 1)
fit , ACA 417 5% 6 B ¥k (6/10) ,JGAE Ak 3 1 ¥k (3/10) |
AL 1R (1/10) , MCA 41 57 10 9] ¥k (32.26%) .
TCAE AL 17 1K (54.84%) EAL 4 6117 (12.90% ) , 41
] 2R LG X (Z=-1.355,P=0.223),

il AR ACA A 1417 (1/10) s BB 5 -
2 R SR I, R D TPl R ZE T ] s MCA 4
A 4 B (12.90%) 5 B A ) & r sk il 1 ik
(3.23% ) Hy A O 3850 A Pt T ARt ot s 38 P o
TCFE T 1] 5 1 2 P e a0 P S O A E K AR
P3G 5 L (Fisher i VI HE % % . P = 1.000) .
ACA 4 b5 2= AR J5 10.00(3.75,15.50) 1~ H K %
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Figure 1 One week before surgery, DWI showed hyperintensity signals in the right subfrontal cortex and corpus callosum

trank, suggesting new infarcts (arrows indicate).

N FEART 56 K, T 2020458 A 18 H ABE.
# ABERT 56 K JC W] W 175 IR B B2 R AR SR 22 T G
T3 B RFFEE 10508 5 HAT M 51 A H a3
BB o SRE V28R R A G i, T X 25 R
I7 (BRI BT ) | 8 4RI A& AE I AE T , T XiE 25 4
BIT (HAR T ZORTE) , ¥R 8 B 5 80 ;s BE A &
I 95 52 8 4T, W 4 Hs F i 180 mm Hg(1 mm Hg =
0.133 kPa) , IR FH 2K V0 3H B R34 7, 300 390 1t JE 422 16l
KLU W s 2547 (6 /) o A B 5 IR A A6 4 - 22 )
T Mo iB s e IE A NNy 49 A B STSR,
mRS PF 400 20 5256 % K6 A« I I R 53 R Il A 34 ok
DL SR IV [R) B 2F b S B2 Dl 24.92 wmol/L(5.46 ~
16.20 pmol/L) . &K ARAT20 K (8 A 7H)
DWI 57, A &5 e o L J5F IR A DX R R 15 5
LR KA (E 1), DSA B7s , A Kk 3)
Jik R RE AR A, A R R R 2l bk P A 0 55 A 0 A (&
2a) 5 22 K T 2l KCEE BE RS O 25 R 10, I 22 3E
Bl kA A ik CEl 2b) 5 KOs 5 3 ik (PCA) #1852 4 3
ik IR i e 3 fik R B i Bl ko SR B R AR (L 2¢) 5
AV Bl KB S RN TS K 3k A S AR ik i 2k K
JE Wl R 5 K T 30 Bk v A A R e Bl kS R 22
i) A7 /0 0 S A2 (R 2d) o A R R AR A A v

Ik 3 T M7 54 21 mU/min. 6 PR8I 086 55 9%
A A4 A IV 3 2200 I3 o B A 08 28 % 2 i
ML 1R I 1R, e R LA A A sk i, & o, H
A W Bl ok A S A B T Ay, TR AT DA K R S ik
DN I R N s NI D I T NS e S
2020 4F 8 H 27 HAE 4 5 BRI T 4747 STA % 3Z-ACA
FAT STA T 32 -MCA SUHE By A Bk A 30 UL Bl 05 A
A NGEIWINE 3Rl N BTN iR ) R
1 mm, A /N T Bl kS R i (] 3a) , A
Bk T CF 24 69 ml/min; 17 307Kk 30 Ik 5 K il /i 2
ok st 0 W 5 B, 0O K S Bl Bk WA K D B
By 34%,10-0 B8 FR 22 8 Jp L4 S AT W8 A GE S
48 4 (& 3b) , £ B8 Wi B85 v 2 Jik % JR) 6 A g JEs o 3850
& 2 Bk P S TS 43 500 5 T Il R [l T R i
3 Jok g 0 1 5 (I Bee) 5 P 3850 JUL R B8 fii S 4% 45 O
THT Al 2R . ARG 18 L5 8
I A 30 3 ik 3 T 103 &= S8 109 ml/min, CFL{E N
1.58; AR5 2 /> v 2l ik I i 5 24 93 ml/min, CFI
B0 134, RJE2 4 H K4 CTAFI DSA, 45 0% 3l
Wik 5 R i 3 ok R G e sl Bk A 1 A AR S I
W) A R KT Bk, 390 N G\ S
JE| B ok R 2 2l ok, 3800 2l Jok R R i e sl o) S g



o R SR S 4 2021 4E 7 A 21 8557 Chin ) Contemp Neurol Neurosurg, July 2021, Vol. 21, No. 7 . 543 -

o) i { 178 ¥ Ot

2 RAET U DSAF UL 2a A7 SUNBIIKIENL DSA Lo, A3 RSk b 3 Ik e B 0 A%, 4 K i 3 Ik P41 28, AE R 25 R A 2b
ZE BN B BKIE AL DSA R, 25 KM v 3l bk BE SRR R A REM SRR LS, BT SC BB IR R 2 ZEHESIIRMIAL DSA R,
XU R I 5 Jok A 358 P 3l Bk R o s K R I i 2l Bk oz s 23 SCBR D PR S AR A 2d A AR Sl Bk DSA W
A R B KA S AN IO S e ik, S OR i B 18 P R TS DR T S BK A AR L A R Sl k-5 R A 2 2R ) A D e S

Figure 2 DSA findings one week before surgery The right ICA anteroposterior DSA showed severe stenosis of right MCA,
occlusion of right ACA with moyamoya vessels (Panel 2a). The left ICA anteroposterior DSA showed severe stenosis of left MCA
with a small amount of moyamoya vessels, and ACoA was weak (Panel 2b). The left VA lateral DSA showed the collateral
circulation from PCA to ICA, MCA, ACA was weak (Panel 2¢). The right ECA lateral DSA showed frontal branch and parietal
branch of right STA was strong. The end of frontal branch could reach the midline, which had opportunity to achieve the bypass
surgery. There were a few collateral branches between right middle meningeal artery and occipital lobe brain tissue (Panel 2d).

B3 AR 3a A KM S0 IKAF 8 E I, EAR 1 mm s KNS 35 8 I 422 K 1 mm 1 (0 AR 1 4
G E RS 3b AT B SR S5 R T S K ) 5, GRS T AU P 3c AT SR TSRy
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Figure 3 Findings during operation The right ACA was located on the surface of the superior frontal gyrus, and diameter was
1 mm; a green latex vascular gasket with 1 mm white grid was implanted between ACA and the frontal lobe brain tissue (Panel
3a). The frontal branch of right STA was anastomosed with ACA in end-to-side anastomosis, and the white cerebral falx was
located on the midline side of the frontal lobe (Panel 3b). Two branches of the parietal branch of right STA were anastomotic
with MCA on the surface of the inferior frontal gyrus and superior temporal gyrus, and middle meningeal artery and its attached
endocranium were located in the superficial center of the operation area (Panel 3c¢).
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Figure 4 Head imaging findings 2 months after surgery CTA showed right STA-ACA, right STA-MCA anastomosis remained patency
(Panel 4a). The right ECA anteroposterior and lateral DSA showed right STA-ACA, right STA-MCA anastomosis remained patency
(Panel 4b, 4c¢). The right CCA anteroposterior DSA showed moyamoya vessels were reduced in right MCA M1 segment (Panel 4d).
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