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(Case report and Review article)

“Bonnet” bypass to M2 segment of middle cerebral
artery with radial artery interposition graft:
A case report
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Abstract

This article reports a patient with symptomatic common carotid occlusion who is treated with Bonnet
bypass (using radial artery interposition graft for elongating the contralateral superficial temporal artery) and

indirect bypass. The literature related to this technique was reviewed.

Introduction

“Bonnet bypass” v[ﬁgﬂswmul,ﬂm%y’m,l,sﬂfmﬂ
Spetzler uazmnizlud 1980 lelunssnwgiae squa-
mous cell carcinoma “/dllgw?il\‘ﬁf’mﬁ]%ﬁmﬁm common
carotid artery (CCA) Fenits’ wonaNdt Bonnet by-
pass é‘l’@gﬂiﬂ%ﬂ'ﬁ‘%’ﬂwﬂm’w steno-occlusive disease
Tsneflud ipsilateral superficial temporal artery (STA)

v

2-4 Ul s g 1 o
Snee” ™ TusreemgUrsatiuisieewdtiedwim

Y318 NN common carotid artery occlusion
#IN1AI881N15 low-flow stroke WATNUNIWITIO

ASINNLNLINUNISHIAALNATEATE

Case report

AUaeangany 63 U da1n1suanandieaanus
v oo o o 1 1 1 ad
nnfinulaiiie 3 thannan 8InN138auLIIADE IR

L%E]El”] A52399719N18WU normal consciousness, left
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hemiparesis (12 grade I1, 21 grade IIl) ¥i1 brain mag-
netic resonance imaging (MRI) WA magnetic reso-
nance angiography (MRA) WU multiple small
hyperintensity and restricted diffusion area U318 right
frontoparietal subcortical region WaZ right common
carotid artery (CCA) occlusion (’g‘d‘ﬁ 1) Tsmuszdaad
polycythemia vera, hypertension Lag dyslipidemia
91N1580ULIIAE THIWEaE Ja% TN1TaLAws e
NOWEIARATIVINNATENWU normal consciousness, left
hemiparesis grade IV - IV+

Brain computed tomography angiography (CTA)
WU right CCA occlusion e right middle cerebral ar-
tery (MCA) 185U blood supply #1310 left internal ca-
rotid artery (ICA) W1%N14 anterior communicating ar-
tery (AcoA), lawu stenosis of right MCA, laiwu right

external carotid artery (ECA), right superficial tempo-

ral artery (STA) W@z right occipital artery (OA), frontal
branch of left STA H2w1AMAEILAZENI, % parietal
branch faw1mLdn (U7 2)

CT perfusion WU prolong mean transit time (MTT)
(> 8 sec), MTT ratio > 2 and decreased cerebral blood
flow (CBF) (< 80%) fluSiisu right frontoparietal
subcortical area It A4{140192 decreased cerebrovas -
cular reserve LIz hemodynamic failure stage Il
lned1989m 1 Japanese EC-IC Bypass Trial (JET)
study”™® (’g‘dﬁ 3)

Usz1fn hand circulation A28n15%11 Allen test’
#192116 5 Fuf wazenednala 2 i

Operative procedure: ANYT AULUU general an-
esthesia 3nvingUeluninwannane niase 1 ' Mayfield
head clamp (gﬂ‘ﬁ 4) 14 Doppler ¥FLYAI284 fron-

tal Wae parietal branch of left STA wangdnen19ean

g‘dﬁ 1 AL mY FLAIR sequence H hyperintense lesion U3L364 centrum semiovale. B W2 C I 59 DWI H restrict diffusion
U510 posterior WAz deep watershed area H114231. D b 9NN MRA LaWU common, external Wag internal

carotid artery 719271
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gﬂ‘ﬁ 2 ALl m3 3D CTA vLaiWU common, external WA internal carotid artery 919291 cross flow WIWNINTY anterior

communicating artery. B C D E L R4 superficial temporal artery LLazLllhd scalp incision (L y%dﬁ’n'fm)

5UN 3 W M9 CT perfusion WUINHN13AAAIZEY CBF WAz prolonged MTT A2
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Wolane radial artery graft (RAG) ¥A991NLa1 RAG
1) G[if pressure distension technique10 Lﬁaﬂmﬁ%
vasospasm 89 graft kG heparinized saline Usu
eadeslusnanusean 30 a9A1 a9 scalp inci-
sion WUU bilateral frontotemporal incision A1H3U (gﬂ‘ﬁ
2, 4) TneiSnfidwinenan asfnn1auwl parietal
branch of left STA Taslusnu frontal lUARAY distal
portion of frontal branch of left STA a1 left STA ﬁg\‘i
frontal LA parietal branch 311 distal part VL‘U proximal
part i STA trunk SNw1 patency 384 parietal branch
1% fiavinsianze Sawudn parietal branch of STA §
awIALEnHn 5919 frontal branch iieiw graft 1
L “WiRAE7 AR frontal branch of STA mAU bifurcation
azls frontal branch of STA #13Used M 10 4u. 18
pressure distension technique L2A%A% %1 RAG N1R8

o o v

Aulane STA IwNfinagiunikoAswerIe end-to-end

31J°7|' 4 1 N3} ' Mayfield head clamp Wa2 scalp

incision

STA: superficial temporal artery
fSTA: frontal branch of STA
pSTA: parietal branch of STA

anastomosis Irﬂtlslﬁ’ nylon 9-0 WUU interrupt suture
9NN frontal branch of STA fiiaSealSusariv dis-
tal end of RAG F78 end-to-end anastomosis LA
Usuiieadeelumuwdneaussanm 30 aer1 1A scalp
incision A1%231 1UR right frontotemporal craniotomy
n58 outer cortex 2adnzlvianAswsliiUnsnng graft
114447 coronal L‘&T’l; craniotomy ‘ﬁLﬁl%EJNH K1l Sylvian
fissure 111 inferior trunk of M2 ¥11N156@ distal end of
STA AU inferior trunk of M2 F18 end-to-side anasto-
mosis (3Ufl 5) ndsanyinissiel “wianFeusas
7IN158WE% patency 2849 WLABAGIY microdoppler
LLAZ indocyanine green Wy pericranium ﬂﬂuuﬁaﬂﬁﬂ\‘i
graft L&UTA dura bHIASA graft 1 muscle patch ¥ia
38U graft U%L’Jmﬁchuzlau dura ¥11 indirect bypass
AIELNATA Encephalo-duro-arterio-myosynangiosis

(Epams)' "% Tpe am dura dswlwnzlnandsus
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Radial artery graft
fSTA pSTA
Mi Al
1G4 STA
5UN 5 U M9 intraoperative finding a4l 59 wN1960L “WEDA LAZNINIAL AINISHBL “WEaR

A1: first segment of anterior communicating artery, ICA: internal carotid artery, M1: first segment of middle

cerebral artery, STA: superficial temporal artery, fSTA: frontal branch of STA, pSTA: parietal branch of STA

¥ temporalis muscle UAunw dura lpeiduzauzad
muscle fiuzay dura flagaiunan Uanzlnandsue
Tfinaadasusiandi bypass graft Sa197nzlnan ¥in bone
dust T Juranwaslinseusion pterion LU temporalis
fascia fiugfilanelfunnzlnan wazifu scalp maunf

WA gUaeRws T NAIH motor power ¥
\inAunawdan vin cTA ldfiiienaanlunzlnandsus
wazLfiv bypass graft 1113210 left STA1E1  right MCA
TRl (;;U‘V"i 6) NN1SAIUAN systolic blood pressure
<140 mmHg 1T1%1981 7 % uaziSaled Aspirin 81 mg/
day MAIENBRTWA 3 WUINBULRAHNAARS scalp flap
f%Aanlantos S9ARlNNWAIHNAR 14 W NEARA
Tnanudtuwad Taiwen Tafnazunsndondng Sold
nautw

MRINAR 4 LAawnawigwarinl CT perfusion

s 1 s LAl £ dl v =] é’
HRAINTIINIBIR Bd‘l.]']'él SHARANNIUIW FIWSNISUNAN

q

Taivan & dlaldwiguasluwuunnd ndoaniisg
Uagfiannisiinudaifiazios  uauwadnednegune
LAZEaWULIIAG

i1 CTA WAz CT perfusion RAINIARUIZNIN 4
\faw (U7l 7 uaz 8) wuind chronic subdural he-
matoma 9 899719 $190291w1UTENIA 1.5 FH.
F19teruIUszanne 1 ga. wazldiwy bypass graft CT
perfusion 980132 hypoperfusion AuAI18E HU8
185Un1361# A bilateral burr holes with irrigation a9
WARaINanLssEndefiwantas motor power

Uszanau grade 4 lasuni1svinnigniniiinsacia

Discussion and Review literatures

v I &
“Bonnet bypass” lagnsnesiwiluasousnlae
Spetzler uazmnzlud 1980 lelunssnwgiae squa-

mous cell carcinoma ﬁﬁwﬁx‘lﬁ’wﬂ%ﬁmﬁﬂ common
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gﬂﬁ 7 4 m9 3D-CTA Nadn1SHIAR 4 L5Haw A-C WU bilateral chronic subdural hematoma. D-E laiwu bypass graft 31N
STA sudelusasnzlnandsue F ldwu bypass graft L@anAany MCA #1921
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Statishcs for Skce 14
sion calculations may be inaccurate

5UN 8 W M CT perfusion NAINTIHIAR 4 LHDW WUINEIHN1TAARIZBI CBF LA prolonged MTT A2

carotid artery ?T'Imﬁatﬁltl cross flow mnﬁamaﬁ’miﬁ
eawauazlifl artery ludaideniuias 1msalfn
donor artery 14n13%11 extracranial to intracranial (EC-
IC) bypass LﬁaL‘tﬁlu flow replacement VLGT F1891WRUU
ﬁLﬁaﬂiﬁ saphenous vein graft A8a1n contralateral STA
1Ugs MCA %189%11n15 bypass ¢ 3339%i1 carotid liga-
tion'

1 1993 Kinugasa WaZAMZIILNBNITHIAR
bypass 311 contralateral ECA Tugs distal MCA Taeld
saphenous vein graft Tuﬁﬂuﬁl malignant schwannoma
AKUSLIMAB AN right ICA esophagus WAz trachea' -

1ull 2005 Deshmukh wazmnzlsiseenwgte
IUI% El\ﬁ'lﬂﬁﬁ head and neck cancer ﬁqua'mv[,ﬂ
ﬁgmn:‘[mnﬁwﬂmaﬁw Bonnet bypass #8370 con-
tralateral STA TUgs M4 segment Inele radial artery
graft WWae clip ligation of internal carotid artery NEWNN
radical resection of tumor'

WaN2NT4 Bonnet bypass gognlalunissnwiniae
steno-occlusive disease les'laﬁvlaiﬁ ipsilateral su-
perficial temporal artery (STA) anaae® >

1wl 2010 Sanada WAZAMZINEITBAITHIAR

double-barrel bonnet bypass L{l%ﬂ%wﬁﬂ Gl%;jﬂ’sﬁl
symptomatic common carotid occlusion IGIEM radial
artery graft ®B31n contralateral STA trunk ﬁ]’mﬁ?%ﬁ’l
frontal a2 parietal branch of STA (é’numwﬁ;l% “y”
shape) N1RanU distal end of radial artery graft a1n
f:'mia frontal branch of STA fiu M2 (frontal contribu-
tion) WAzHA parietal branch AU M4 (temporal contri-
bution)”

14l 2014 otani wazAnzwaz 1wl 2016 Nagm
LRZAMLIIEIIBNTITHIRR reversed single STA-MCA
bypass Ineld naturally formed bonnet STA Twnns
%/ﬂ‘le]"]éljﬂﬂﬁl symptomatic common carotid occlusion
wazg e severe ICA stenosis ANa1HU"

N15NA1SLEBN recipient artery 1 Jack uae
AMZI189I%I N5 bypass WEI proximal MCA Wu71
§ immediate vascular filling Tnamzfinis bypass LU
cortical MCA azAae ’]Lﬁﬂ intracranial vascular filling
Tneldiaanfwion'® wanansiw proximal MCA §
AWIATNRNIT cortical MCA ¥ild 18150911 anasto-
mosis Tadnaninuaifiasainnisaafiu proximal MCA

11 deep anastomosis ¥l®N15AaNAIINEINNTN
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n19ABAU cortical MCA %GL%% superficial anastomo-
sis”

Tusermdthesemianld RAG luniaiiaans
817289 STA 1$18991031 long-term patency H1NA9N
saphenous vein graft16 wazld RAG I udn interposi-
tion graft 2NN proximal STA v frontal branch of
STA il89a1n parietal branch of STA flzauw1eEnaIn
waz wnsarnlRldmnaenazas STA leagrodnd
W0997n2wAz09 RAG IndiAseiuawiazas proximal
STA LLAzIWINABDY STA ﬁmmmm: Ni%ﬂﬂiﬁiﬂﬁu M2
segment of MCA T%nizﬁ‘ﬁ parietal branch of STA H
WA LAENAN W90 frontal WAE parietal branch
of STA (anwauziu “Y” shape) ¥1fanu distal end of
radial artery graft b 1313068AU MCA L6 2 Funrike
(double-barrel bonnet bypass) ARIEAUIIBITHADY
Sanada uazAme”

m’sﬁnu%ﬁ'mﬁ'u indirect revascularization TWZ{
Uag nonmoyamoya Y138 intracranial atherosclerotic
steno-occlusive disease 1i 2009 Komotar W@
AGMZEINAR indirect bypass 1%@38 12 ﬂ%ﬁL‘lﬁ]% symp-
tomatic ICA #1358 MCA atherosclerotic steno-occlusive
disease a2 secondary hemodynamic failure (1 1 AY
v[,ﬁ)%"u AISHNAR encephaloduroarteriosynangiosis [EDAS]
wae 1 ABLASUNTSHIBRA bur holes with dural and arach-
noid incisions) WU indirect bypass "Laiﬁwaﬁiamsiﬁn
pial collateral artery17 G[,de 2012 Dusick LazRELE
NNN1SHIAH EDAS G[%Gjlﬂ’iﬁl symptomatic nonmoyamoya
intracranial arterial stenosis 9113% 33 978 WU in-
direct revascularization ’nﬂiﬂlﬁiu cerebral blood flow
s sasudafinadenls'® ud 2015 Gonzalez
wazANzYIIN1SHIAR EDAS Tugtae symptomatic in-
tracranial atherosclerotic steno-occlusive disease
IUI% 36 318 LA symptomatic moyamoya disease
W% 46 918 WU 'Imimﬁ?,i collateral circulation

a dl =] £ 1 a o o %) w1l
Iw wesuSmnaatenlaadrofineg Ay lugae

%)
o o

M9 B9NgN wazfignsInaiia stroke woenINITIH
medical treatment tieg9aggLRen '
finnsAnunieusslegiaesnisyin combined
revascularization (indirect bypass with direct bypass)
11 1H1508R postoperative stroke v[,ﬁ'ﬁm"i indirect
bypass Glmj'ﬂ'miﬁnﬁn“]u moyamoya disease”® wazlu
ﬂ@l&i“f%@%@@&ﬁﬂﬁm% moyamoya disease”' Tudl
2017 Uchino LazAMZIIE9IHNIIWIGE combined (di-
rect and indirect) revascularization E[,u@:ﬂ?ﬂ moyamoya
disease WUIIN13YI indirect bypass tnETUTwAS
HIRAR direct bypass Wuﬂiﬂﬁﬂiﬁtﬁﬂ revascularization
"[rffmrl%% IMEIVL?,J'L?’iEiUﬁ'UEl'IQLLaz hemodynamic status
2095U28°° Houkin UAZAME UAZ Ishikawa WAZANE
3189T%N1THIAASNWIEUIE moyamoya disease A8
75 combined revasculalization (STA-MCA bypass iU
indirect bypass WUU encephalo-duro-arterio-

11,12 1o I o
"2 umdoladdayalunis

myosynangiosis [EDAMS])
%Jﬂ'isl"iﬁjlﬂ']ﬂ nonmoyamoya 138 intracranial atheroscle-
rotic steno-occlusive disease LLﬂzé’Gi&iﬁﬁaﬂaLﬂ%ﬂu
1gU9211919n15711 combined revascularization AU
N156NAR direct bypass ag19Lie"

N17¢ cerebral hyperperfusion syndrome WAINS
H1GIR flow augmentation LAAA1N failure of autoregu-
lation %ﬂﬂ%&lau’iﬁl’m chronic cerebral insufficiency
ﬂﬁﬁﬂl,dtla Toiwn hypertension, high grade stenosis, poor
collateral flow, contralateral carotid stenosis, long-
period of intraoperative ischemia ﬁﬂLﬁmG[mi’N 3-8
FUREINISEER waziinnni andsiianiui 6
271N15LAZa1INT5H AIAA Unilateral headache, face and
eye pain, seizure, alteration of consciousness, focal
neurological deficit®® n1slasinAe AIUANAIINAK
ladin (SBP < 140 mmHg 738 SBP 120-140 mmHg
#38 SBP < 130 mmHg) Monawi16m szniIeHAn
waznasAn w1 7-10 u mvanliegluaiie

. . ' o 23-25
normocarbia ke normovolemia 3¢H\INNNITNIRR
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6

Low LLE‘]SFIEIJSZ NN15ANEINISHIAR STA-MCA

bypass tT:LI;I;;I}“(J"J'EJ symptomatic severe intracranial steno-
occlusive disease WUIN 1H150%119 hemodynamic

dg L 1 s =
parameter ATUARINITNIARUTENIU 4 LD GL%

'
=]

fUaeaeilasun1svin CTA uaz CT perfusion i 4
=] = 1 o 1 1 QI 3 e
LVAOWAAINISHIAR WU CBF LHifinznuas MTT €9
prolong 189770 bypass graft thrombosis Zar kA

H13710 chronic subdural hematoma

References

1. Spetzler RF, Roski RA, Rhodes RS, Modic MT. The
“pbonnet bypass”. Case report. J Neurosurg 1980,
53:707-9.

2. Otani N, Wada K, Sakakibara F, Nagatani K, Takeuchi
S, Tomura S, et al. “Reverse” bypass using a natu-
rally formed “bonnet” superficial temporal artery in
symptomatic common carotid artery occlusion: a case
report. Neurol Med Chir (Tokyo) 2014;54(10):
851-3.

3. Nagm A, Horiuchi T, Hasegawa T, Hongo K. Intraop-
erative Evaluation of Reverse Bypass Using a Natu-
rally Formed “Bonnet” SuperficialTemporal Artery:
Technical Note. World Neurosurg 2016 Apr;88:603-
8.

4. Sanada Y, Kamiyama H, lwaisako K, Yoshimine T,
Kato A. “Bonnet” bypass to proximal trunk of middle
cerebral artery with a radial artery interpositiongraft:
technical note. Minim Invasive Neurosurg 2010;53
(4):203-6.

5. Kawano T, Ohmori Y, Kaku Y, Muta D, Uekawa K,
Nakagawa T, et al. Prolonged mean transit time de-
tected by dynamic susceptibility contrast magnetic
resonance imaging predicts cerebrovascular reserve
impairment in patients with moyamoya disease.
Cerebrovasc Dis 2016;42(1-2):131-8.

6. Kikuchi K, Murase K, Miki H, Yasuhara Y, Sugawara

Y, Mochizuki T, et al. Quantitative evaluation of mean

10.

11.

12.

13.

14.

transit times obtained with dynamic susceptibility con-
trast-enhanced MR imaging and with (133)Xe SPECT
in occlusive cerebrovascular disease. AJR Am J

Roentgenol 2002;179(1):229-35.

. JET Study Group. Japanese EC-IC Bypass Trial (JET

study): Study Design and Interim Analysis. Surg Cereb
Stroke 2002; 30: 97-100.

. Kataoka H, Miyamoto S, Ogasawara K, lihara K,

Takahashi JC, Nakagawara J, et al. JET-2 Investiga-
tors. Results of Prospective Cohort Study on Symp-
tomatic Cerebrovascular Occlusive Disease Showing
Mild Hemodynamic Compromise [Japanese Extrac-
ranial-Intracranial Bypass Trial (JET)-2 Study]. Neurol
Med Chir (Tokyo) 2015;55(6):460-8.

Kohonen M, Teerenhovi O, Terho T, Laurikka J, Tarkka
M. Is the Allen test reliable enough? Eur J Cardiothorac
Surg 2007;32(6):902-5.

Sekhar LN, Kalavakonda C: Cerebral revascularization
for aneurysms and tumors. Neurosurgery 2002,
50(2):321-31.

Houkin K, Kamiyama H, Takahashi A, Kuroda S, Abe
H. Combined revascularization surgery for childhood
moyamoya disease: STA-MCA and encephalo-duro-
arterio-myo-synangiosis. Childs Nerv Syst 1997;
13(1):24-9.

Ishikawa T, Kamiyama H, Kuroda S, Yasuda H,
Nakayama N, Takizawa K. Simultaneous superficial
temporal artery to middle cerebral or anterior cere-
bral artery bypass with pan-synangiosis for Moyamoya
disease covering both anterior and middle cerebral
arteryterritories. Neurol Med Chir (Tokyo) 2006;
46(9):462-8.

Kinugasa K, Sakurai M, Ohmoto T. Contralateral ex-
ternal carotid-to-middle cerebral artery graft using
the saphenous vein. Case report. J Neurosurg
1993;78(2):290-3.

Deshmukh VR, Porter RW, Spetzler RF. Use of
“pbonnet” bypass with radial artery interposition graft
in a patient with recurrent cranial base carcinoma:
technical report of two cases and review of the

literature. Neurosurgery 2005;56(1 Suppl):E202;



Neurological Surgery
Vol. 9 No. 1 January - June 2018

31

15.

16.

17.

18.

19.

20.

21.

discussion E202.

Jack CR Jr, Diaz FG, Boulos RS, Ausman JI, Mehta B,
Patel S. Radiologic evaluation of extracranial to Sylvian
middle cerebral artery bypass. Surg Neurol 1986;
26:321-9.

Matsukawa H, Tanikawa R, Kamiyama H, Tsuboi T,
Noda K, Ota N, et al. Graft Occlusion and Graft Size
Changes in Complex Internal Carotid Artery Aneurysm
Treated by Extracranial to Intracranial Bypass Using
High-Flow Grafts with Therapeutic Internal Carotid Ar-
tery Occlusion. Neurosurgery 2017 Mar 28. [Epub
ahead of print]

Komotar RJ, Starke RM, Otten ML, Merkow MB, Garrett
MC, Marshall RS, et al. The role of indirect extracra-
nial-intracranial bypass in the treatment of symp-
tomatic intracranial atheroocclusive disease. J
Neurosurg 2009;110(5):896-904.

Dusick JR, Liebeskind DS, Saver JL, Martin NA,
Gonzalez NR. Indirect revascularization for nonmoya-
moya intracranial arterial stenoses: clinical and
angiographic outcomes. J Neurosurg 2012;117(1):
94-102.

Gonzalez NR, Dusick JR, Connolly M, Bounni F, Mar-
tin NA, Van de Wiele B, et al. Encephaloduroar-
teriosynangiosis for adult intracranial arterial steno-
occlusive disease: long-term single-center experi-
ence with 107 operations. J Neurosurg 2015;
123(3):654-61.

Ishikawa T, Houkin K, Kamiyama H, Abe H. Effects of
surgical revascularization on outcome of patients with
pediatric moyamoya disease. Stroke 1997;28(6):
1170-3.

Kazumata K, Ito M, Tokairin K, Ito Y, Houkin K,
Nakayama N, et al, Kamiyama H. The frequency of

postoperative stroke in moyamoya disease following

22.

23.

24.

25.

26.

combined revascularization: a single-university se-
ries and systematic review. J Neurosurg 2014,
121(2):432-40.

Uchino H, Kim JH, Fujima N, Kazumata K, Ito M,
Nakayama N, et al. Synergistic Interactions Between
Direct and Indirect Bypasses in Combined Procedures:
The Significance of Indirect Bypasses in Moyamoya
Disease. Neurosurgery 2017;80(2):201-9.
Ogasawara K, Sakai N, Kuroiwa T, Hosoda K, lihara
K, Toyoda K, et al. Japanese Society for Treatment at
Neck in Cerebrovascular Disease Study Group. In-
tracranial hemorrhage associated with cerebral
hyperperfusion syndrome following carotid endarter-
ectomy and carotid artery stenting: retrospective re-
view of 4494 patients. J Neurosurg 2007;107(6):
1130-6.

Zhao WG, Luo Q, Jia JB, Yu JL. Cerebral hyperperfusion
syndrome after revascularization surgery in patients
with moyamoya disease. Br J Neurosurg 2013,
27(3):321-5.

Fujimura M, Inoue T, Shimizu H, Saito A, Mugikura S,
Tominaga T. Efficacy of prophylactic blood pressure
lowering according to a standardized postoperative
management protocol to prevent symptomatic cere-
bral hyperperfusion after direct revascularization sur-
gery for moyamoya disease. Cerebrovasc Dis
2012;33(5):436-45.

Low SW, Teo K, Lwin S, Yeo LL, Paliwal PR, Ahmad A,
et al. Improvement in cerebral hemodynamic param-
eters and outcomes after superficial 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(3):662-9.



