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[Abstract] Objective To explore the value of dynamic susceptibility contrast-enhanced perfusion-
weighted imaging (DSC-PWI) in superficial temporal artery-middle cerebral artery (STA-MCA) bypass and to
provide radiological evidence for hemodynamic changes in STA-MCA bypass in the treatment of severe
internal carotid artery (ICA) and MCA stenosis and/or occlusion. Methods A total of 76 cases (65 males
and 11 females with average age of 55) who underwent STA-MCA bypass from January 2011 to February
2016 were included. Routine MRI and DSC-PWI were performed within one month before operation and
within one week after operation. Hemodynamic changes [relative cerebral blood flow (rCBF), relative
cerebral blood volume (rCBV), relative mean transit time (rMTT) and relative time to peak (rTTP)] of MCA
blood supplying area at basal ganglia section (proximal end) and centrum semiovale section (distal end)
were compared before and after operation. Results  Compared with before operation, rCBF was
significantly increased after operation at ipsilateral basal ganglia section (proximal end, P = 0.000) and
centrum semiovale section (distal end, P =0.001). rCBV at basal ganglia section was significantly increased
after operation (P =0.021), while rCBV at centrum semiovale section had no significant difference compared
with before operation (P =0.844). rMTT (P = 0.000, 0.000) and rTTP (P =0.000, 0.000) at ipsilateral basal

ganglia section and centrum semiovale section were significantly reduced after operation. Conclusions
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STA-MCA bypass can improve cerebral blood perfusion of MCA blood supplying area. DSC-PWI could

assess the hemodynamics of ischemic area, so it is the optimal noninvasive technology to evaluate the

curative effect of bypass and observe cerebral hemodynamic changes dynamically.
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Table 1. Comparison  of cerebral hemodynamic
parameters between before and after operation [M (P2, P7s)]

Group Before operation  After operation Z value P value

rCBF
Proximal 0.75 (0.61,0.92) 0.92(0.79, 1.06) -5.255 0.000
Distal  0.80 (0.61,0.94) 0.91 (0.78,1.04) -3.236 0.001
rCBV

Proximal 0.98 (0.91, 1.11) 1.03(0.97, 1.12) -2.314 0.021
Distal  1.11(0.97,1.22) 1.13(0.95,1.24) -0.197 0.844
rMTT

Proximal 1.44 (1.20,1.72) 1.17 (1.05,1.32) -5.747 0.000
Distal  1.46 (1.19, 1.78) 1.21(1.08,1.37) -5.498 0.000
rTTP

Proximal 1.14 (1.10,1.20) 1.06 (1.03, 1.11) -5.648 0.000
Distal  1.14 (1.09, 1.21) 1.08 (1.05,1.13) -5.286 0.000
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Figure 1 A 64-year-old male patient was diagnosed as cerebral infarction in right basal ganglia. STA-MCA bypass was performed.
Preoperative head MRI findings CTA volume reconstruction (VR) showed occlusion of right ICA (arrow indicates, Panel la). CTA
maximum intensity projection (MIP) showed occlusion of right ICA (arrow indicates, Panel 1b). Axial DWI at basal ganglia section
(Panel 1c¢) and centrum semiovale section (Panel 1d) showed slight high-intensity in right basal ganglia and paraventricular area (arrows
indicate). Axial PWI at basal ganglia section showed ipsilateral MTT and TTP were significantly prolonged (red areas indicate), CBF
was significantly reduced (dark blue and black areas indicate), and CBV was slightly reduced comparing to contralateral lobe (Panel
le—1h). Axial PWI at centrum semiovale section showed ipsilateral MTT and TTP were significantly prolonged (red areas indicate), CBF
was significantly reduced (dark blue and black areas indicate), and CBV was not changed comparing to contralateral lobe (Panel 1i-11).
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Figure 2 Postoperative head MRI findings of the same patient CTA volume reconstruction (VR) showed excellent intra-extracranial
anastomosis and adequate blood flow (Panel 2a, 2b). Axial DWI at basal ganglia section (Panel 2¢) and centrum semiovale section
(Panel 2d) showed no enlargement of high-intensity lesions (arrows indicate). Axial PWT at basal ganglia section showed MTT and TTP
in ipsilateral MCA blood supplying area were reduced (yellow areas indicate), CBF was slightly increased (light blue areas indicate) and
CBV was not changed comparing to preoperational data (Panel 2e-2h). Axial PWI at centrum semiovale section showed MTT and TTP
in ipsilateral MCA blood supplying area were reduced (yellow areas indicate), CBF was slightly increased (light blue areas indicate) and
CBV was not changed comparing to preoperational data (Panel 2i-2I).

AR T B pWI A UGB PR HL AR 2 50
Z N DSC-PWT., 8 &5 X L3 58 MRI(DCE-MRI) . 8l ik
H BERRIC (ASL) , Hidr, DSC-PWT A I 5 2 PN 50 Jik o83
FERE AL B PA) 22 07 1 5 PET A% BoA — 3™, H
AL AT 2 E K DSC-PWT 5 CT ¥ 1 BURAH i, 15
HEA —BPEM L5 . DSC-PWI A% 38 3 1k |
{158 2 A B ) R 25 8] 4 3% 00 85 ey UM v LG

P A S — o B AT SR 4 i L R 3h ) 2 1
B 5 5 H B MR ) B BEAT I R I A s R
DSC-PWT Y 1 T 5t 212 i ik 141 7 % B3Rl Gd-DTPA,
X F R 3 A 2% X (ROT) 1 I A5 AR B 1 B8 Jm) 350 1 3
B 51 (09 A8 20 20 T+ A5 5 B IG5 B0 A8 41
ZUES 3w kP BT 5 [l 3 S T AR
K A5 5 sh A A8 1k, 3845905 28 4 ZURUI 36 5 )80



o AR 22 B0 2 35 2017 4F 6 55 17 6545 6

Chin J Contemp Neurol Neurosurg, June 2017, Vol. 17, No. 6 . 451 -

XoF BT UG o 28R X 5 5 B T R BRI
R B2 55 0 LG R B SRR BOC R L R H 2 T W
B 8] - {5 45 i 2 e 460 o v B - i Rl ol 2, DA T 5
CBF.CBV.MTT FI TTP % . HHI, 2% ¥ & KM A
B 18 7 X BR A 2 R a7 A i I 3 3 g 2 A
AR 7 52 ARHE 5 [RL AR DA K B 2 BR BE 15 X
ViR 2 B8 DA R K G 2 BR D% B3 X5 55 1% X 1L 37 30
J12% B B AE A% rCBV . rCBF .eMTT Fl ' TTP, LAY
R AN A 22 5

PWT AJ DL 42 T 3 0 380 % 3l ik - K i o 2l ik 45 #F
AR IR A S5 i I 3 B 7 2 S R R R R A R i
PEA $2 AL 2 00 04 52 A5 2 AR B8 . BN Bl ikl ok
0 F B0 ik K6 R B Ak B0 ZE R N I 3 3h ) 2% 2 KUk
Z AR R SR WL i I At A BB ) B BBURR AR AR L MTT
AITTP A LLJEF CBF A1 CBV B 28, £ B R % HE I 72
Z4 AHE 2 B (B) 43R, MTT A TTP SE 4 > il ad b id
o 1L % 3h 71 2% 2 50 Ak, BT DL T i 4 4 T
B (COMTT A1 TTP B i 2B .CBV 37> .CBF B I ik
D PR BN LA R o (2)MTT FITTP £ K . CBV
IEH BN CBF 1E & s d /0, $2 78 1 52 46 B
#r CBF 1E 5 WU S 48 248 A 2 CBF Jak 20 T ) =2 1 4
AR (3)MTT A TTP IE % 8L 45 5 .CBV ¥ .CBF 1E
BBl R, $E s ik i il - R . (4) CBV T CBF
Y S 38 MTT A TTP IE 8540 5, 052 7 i 20 20k
JEWET: .

A F 5[] B 0 St IR 4 DR 2 o [ s 2 T
VG XL B 1 2 2 80, 76 ) B A R AR R I T X2
T 2 B 5 0 J2 T rCBF 34 38R 1 T i, 6T X
JZ T vCBV A8 AR F T i, R T X2 1 A R R
O JZ TH rMTT FeTTP 35 48R Fi BEAR , $2 78 0 3 96 26
i W 5 1 2 B9 8 PG cCBY SR HT G B 25 5, 5
i 5% 45 RN AF o s R AT R i T A A 5T
rCBF 19 & X500 58 4t Hb i 44 Sk KM Hh 2l Jok 4t o
DXL X5 2 67 F 6 RS T X2 I S8 PR b K
H gl Bk G ot X — A = X, B 4kt s kT
S7Ivi L N 1 O 11 e 2| Bl [ S B T N DAY
], 58 5 3 o 5 4 W O e E R O A E 2 R L
I, AN 0 BT 6 S 1 DX T M I 3 3N T 2R S EOR B 4
T 52 B 550 1N 2 Jik A (B8 G v sl ik 3R e 28 B A
FE FB 38 I I S A R S R I R 3 kAR i X i g
VR 1 B A L

S Bl k- K e Bl kRS R R JS PWT S X
LD Y R 4 /) 3 IR i R AR L e TTP

FeMTT % AR A 46 %6, 48 38 47 5% ; rCBF M rCBV A
B30, 0 S8 B AR 5T 40 /N . A7 rCBF JC B I 2
AR HE I TT BE 55 WA 1 g O N S R AR A
AT K 5 rCBV TC B B ok A, iR RAE F R Al LU
B4 rCBE, AR B 4H i T AR i A R Y R RR
M AL F 5 K P akARAS o B2 00 1R o 2w
rCBV 4, 4 30k 1M 3 8h 1 24 2 B8 B R i ok o | 4
718 39 B K - R i Bl Ik B R AT L 0 S B ik
K P Bl ik R e A R () DA 2 HR A I I 3
FEVE . LR X2 W cCBF B0 cCBV FREE AN, $ R
) 32 06 8 78 43 8 57 2 B0 [ AP s 2 T cCBF 3 .
rCBV JEAEAb , 38 7R N [ 1 DX AL % 30 7 2 035 72 AN
SR, #5 B 05 Sty o405 R A T B o o A W
FE 15 38V B0 Ik - K s o 3l K R R R R AR A R R
A K, PRI, () HsF 3 000 35 JPS 5 DX 2 B [ s J2
AT I3 3 77 2% 2 808 A R T 4l v T AR IR

i 2 20 3 A 2 I 1 A4 o RN S B A AR R Y 25
A a5 I RRE R T O RE X AN . K
B ik T BB XA A 7 o T T R O i XA
T 10 52 B X R A2 B X . DA L O S R &
5 BE KL TE B, A I 30 80 F1 24 A7 78 N R P AR A AR A
A BT 2 e AU RE s A B~ B . PWIAE RS 18 1
Z 2B E i U0 e bR R A 4 0T, A B i AT DA
HE— 25 43 S W S8 PR AR A R AR . X TR
G v 2l Jok T ke A (B0 P 2 R A O 1) 43 o BH
ol /b 2T A, BRI R e Bl kAR I DX R R R
156 17 2 Jik R S B0 ik AN o Bl ik S5 20 00 A G 1T
B BCRPIEBLT B B k- ik v 3l kS B R A Y
F oM il ot XN R 51— S S A6 R . AR BESE R IS
PWT {73 i v 8 ik A OG 30 %2 2y A DX I 3t A AR i 7
I AR A2 0 3 g AR A I, DA T S I B 4,
7 ) < A9 A 1 B S Ak D20 S BT i B o & 1
(TIA) o &4 bR i i 3 2h 1 2% A8 AL B, A5 7T Rg i
IRFIIEH B, A5 AR5 &2 PWI s Al i U137
My 0, TR) B AR B A A T 1A 1 EE 1 4 10 A A B e B
ik - K Hii v sh bk #4 AF R i A Bl s i I 3 8h 1 2F AR b
FICE TR EE .

FRUE AT 58 AR 3] |k A% 2 o02E  {H R R B
SR S B R R A I PRS0 e = 4R R A9 I IR AR E o 7E
A Ja R ST T FRATTRE HE— 25 58 A, LUK B PWT
X P4 38 Bl 1K - K 3 K RS B R I T S I
055 375 106 100 378 80 77 2 R B8 42 B T 1 EE I IR
NN



[7]

(8]

o EAC A 2 B 2 2017 4E 6 A 45 17 855 6 )

452 Chin J Contemp Neurol Neurosurg, June 2017, Vol. 17, No. 6
Skull Base, 2014, 75:371-377.
s ¥ @t [13] Low SW, Teo K, Lwin S, Yeo LL, Paliwal PR, Ahmad A, Sinha
AK, Teoh HL, Wong LY, Chong VF, Seet RC, Chan BP, Yeo
Yasargil MG, Krayenbuhl HA, Jacobson JH  2nd. TT, Chou N, Sharma VK. Improvement in cerebral
Microneurosurgical arterial reconstruction. Surgery, 1970, 67:221- hemodynamic  parameters and outcomes after superficial

233.

EC/IC Bypass Study Group. Failure of extracranial - intracranial
arterial bypass to reduce the risk of ischemic stroke: results of an
international randomized trial. N Engl J Med, 1985, 313:1191-1200.
Adams HP Jr, Powers WJ, Grubb RL Jr, Clarke WR, Woolson
RF. Preview of a new trial of extracranial-to-intracranial arterial
anastomosis: the carotid occlusion surgery study. Neuro Clin N
Am, 2001, 12:613-624.

Ogasawara K, Ogawa A. JET study (Japanese EC-IC Bypass
Trial). Nihon Rinsho, 2006, 64 Suppl 7:524-527.

C, Khan N, Bellut D, Fujioka M, Yonekawa Y.

Extracranial - intracranial  bypass  in

Muroi
atherosclerotic
cerebrovascular disease: report of a single centre experience. Br
J Neurosurg, 2011, 25:357-362.

Duan HZ, Li L, Qiu JX, Zhang Y, Yi ZQ, Zhang JY, Bao SD.
Extracranial - intracranial artery bypass based on cerebral CT
perfusion imaging for ischemic cerebrovascular disease.
Zhongguo Wei Chuang Wai Ke Za Zhi, 2013, 13:110-115.[ Bz
U, AR, R, sk, DR, SREGH, MR TE LT CT
TE G 15N A1 3l Ik 575 18 % AR T 6 7 B L A A a0 A o Y
R b E GBI AMRE 2R R, 2013, 13:110-115.]

Li GS, Hu FG, Liang CH, Li C, Diao X, Wang LQ, Wu Q, Xie
SW, Guo HJ. The therapeutic effect of superficial temporal
artery - middle cerebral artery bypass in the treatment of
ischemic adult Moyamoya disease. Nao Yu Shen Jing Ji Bing
Za Zhi, 2016, 24:346-349.[ 2% [ ik, WA AR, RBIE, 2, A
B, AL HE, GUSR, BEARE, UL 3B S k- R I R Sl Bk 5
ARG T RN B LA 0 250 09 7 000 BT S R 2 B A
2016, 24:346-349.]

Qi H, Yin W, Huang D, Han ZL. Clinical efficacy of superficial
artery - middle cerebral artery anastomosis for adult MoyaMoya
disease. Zhongguo Wei Qin Xi Shen Jing Wai Ke Za Zhi, 2016,
21:199-201.0FF#%, F T, Bk, #hom A, B 8 k- R 2l ik
W ARG ST BN 55 90 197 00 . o T R R 2 e 2 SR B
&, 2016, 21:199-201.]

Hwang G, Oh CW, Bang JS, Jung CK, Kwon OK, Kim JE, Bae
HJ, Han MK. Superficial temporal artery to middle cerebral
artery bypass in acute ischemic stroke and stroke in progress.
Neurosurgery, 2011, 68:723-729.

Li Z, Zhou P, Xiong Z, Ma Z, Wang S, Bian H, Chen J.
Perfusion - weighted magnetic resonance imaging used in
assessing hemodynamics following superficial temporal artery -
middle artery bypass in patients
disease. Cerebrovasc Dis, 2013, 35:455-460.
Chou CW, Chang JH, Lin SZ, Cho DY, Cheng YW, Chen CC.
Extracranial -intracranial (EC-IC) bypass of symptomatic middle
cerebral (MCA) total
impairment patients. Br J Neurosurg, 2012, 26:823-826.

Serrone JC, Jimenez L, Hanseman DJ, Carroll CP, Grossman
AW, Wang L, Vagal A, Choutka O, Andaluz N, Ringer A],
Abruzzo T, Zuccarello M. Changes in computed tomography

cerebral with  moyamoya

artery occlusion for haemodynamic

perfusion parameters after superficial temporal artery to middle

cerebral artery bypass: an analysis of 29 cases. J Neurol Surg B

[14]

[15]

[16]

[21]

[22]

temporal artery - middle cerebral artery bypass in patients with
severe stenoocclusive disease of the intracranial internal carotid
or middle cerebral arteries. J Neurosurg, 2015, 123:662-669.
Tsivgoulis G, Alexandrov AV. Cerebral hemodynamics in acute
stroke: pathophysiology and clinical implications. J Vasc Interv
Neurol, 2008, 1:65-69.

Mateo J, Izquierdo-Garcia D, Badimon JJ, Fayad ZA, Fuster V.
Noninvasive assessment of hypoxia in rabbit advanced
atherosclerosis using "F-fluoromisonnidazople positron emission
tomographic imaging. Circ Cardiovasc Imaging, 2014, 7:312-320.
Peng YM, Zhang CY. Progress of application of PET/CT in
ischemic cerebrovascular diseases. Zhongguo Yi Xue Ying
Xiang Ji Shu, 2015, 31:949-952.[ & —#¢, 5K 4R, PET/CT 7 Bk
A A R R 0 R R R R AR EOR, 2015, 31:
949-952. ]

Tian B, Xu B, Liu Q, Hao Q, Lu J. Adult Moyamoya disease:
320-multidetector row CT for evaluation of revascularization in
STA-MCA bypasses surgery. Eur J Radiol, 2013, 82:2342-2347.
Mukherjee P, Kang HC, Videen TO, McKinstry RC, Powers
WJ, Derdeyn CP. Measurement of cerebral blood flow in
chronic carotid occlusive disease: comparison of dynamic
susceptibility contrast perfusion MR imaging with positron
emission tomography. AJNR Am J Neuroradiol, 2003, 24:862 -
871.

Tong T, Yao ZW, Feng XY. Multislice CT perfusion imaging
and MRI perfusion weighted imaging in normal rabbits cerebral
hemodynamics. Zhongguo Yi Xue Ji Suan Ji Cheng Xiang Za
Zhi, 2007, 13:1-4.L B I, Wk, e, IE W Gk 2 )= 3
CTHEE e MR ETE IR, o [ B2 22 3 LR 255, 2007, 13:
1-4.]

Yun TJ, Sohn CH, Han MH, Kang HS, Kim JE, Yoon BW,
Paeng JC, Choi SH, Kim JH, Song IC, Chang KH. Effect of
delayed transit time on arterial spin labeling: correlation with
dynamic susceptibility contrast perfusion magnetic resonance in
moyamoya disease. Invest Radiol, 2013, 48:795-802.

Wang R, Yu S, Alger JR, Zuo Z, Chen J, Wang R, An J, Wang
B, Zhao J, Xue R, Wang DJ. Multi-delay arterial spin labeling
perfusion  MRI in moyamoya disease: comparison with CT
perfusion imaging. Eur Radiol, 2014, 24:1135-1144.

Xu Y, Lii JH, Ma L, Chen W], Lou X. Multi-parameter arterial
spin labeling versus dynamic magnetic - sensitive enhanced
cerebral perfusion imaging for diagnosis of transient cerebral
ischemic attack. Nanfang Yi Ke Da Xue Xue Bao, 2016, 36:768-
TTALVRYE, B, Sk, BB, K0T 2SRk A iEbRic
15 5 285 0 I 5 R 2 AR 1 W R I P A AR
FOXT HG. BT R R A2, 2016, 36:768-774.]

Wang DJ, Alger JR, Qiao JX, Hao Q, Hou S, Fiaz R, Gunther
M, Pope WB, Saver JL, Salamon N, Liebeskind DS; UCLA
Stroke Investigators. The value of arterial spin-labeled perfusion
imaging in acute ischemic stroke: comparison with dynamic
susceptibility contrast - enhanced MRI. Stroke, 2012, 43:1018 -
1024.

(s H 47 :2017-05-04)



