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Moyamoya disease (MMD) flanmzdiinmsiuniesuvasasndanuns internal carotid artery (ICA)
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NuIadIulaty %39 middle cerebral artery (MCA) %38 anterior cerebral artery (ACA) %ﬂﬁﬂﬁﬁﬂ’m
flonslatannzauesuiniden (cerebral ischemia) 58 anzidonesnlutasnslnandswe (intracranial
hemorrhage) M3nwimduinasgnilutiagiudenisdenasnidonanss (direct bypass) Wouszning
superficial temporal artery (STA) wag middle cerebral artery (MCA) $2uAUN19911 indirect bypass %
AMzwnIndeufidfyvesnisvh direct bypass fennudenlUdesauesanniu (cerebral hyperperfusion
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Gerebral hyperperfusion syndrome after STA—MCA hypass
in moyamoya disease

Pakapon Yangsamit, Chanon Ariyaprakai, I-sorn Phoominaonin, Atithep Mongkolratnan
Division of Neurosurgery, Department of surgery, Faculty of Medicine Vajira Hospital,

Navamindradhiraj University, Bangkok Thailand

Abstract

Moyamoya disease (MMD) is a condition characterized by stenosis or occlusion of the internal
carotid artery (ICA) at its bifurcation into the middle cerebral artery (MCA) and anterior cerebral
artery (ACA). Patients may present with either cerebral ischemia or intracranial hemorrhage. The current
standard treatment is cerebral revascularization surgery using direct bypass between the superficial
temporal artery (STA) and the middle cerebral artery (MCA), often combined with indirect bypass
procedures.One of the major complications of direct bypass surgery is cerebral hyperperfusion
syndrome (CHS), which results from excessive cerebral blood flow following the operation. Clinical
manifestations may occur immediately after surgery and include headache, seizures, neurological
deficits, or altered consciousness. At present, there are still no clearly established guidelines for the
diagnosis and management of CHS. Therefore, the authors reviewed the clinical manifestations, risk

factors, diagnostic approaches, treatment, and prevention strategies of CHS in this article.
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Moyamoya disease (MMD) feanzdifinisfiu
NIDAUVDIVADALADALAY internal carotid artery (ICA)
fiunndiulans wie middle cerebral artery (MCA)
%39 anterior cerebral artery (ACA) %aﬁﬂﬁéﬂ’mﬁm
o sléis cerebral ischemia fitnmuludniilosan
waendenaussdudouiuldlif wie intracrania hem-
orthage  Fainmumnnniluglua@ainainnisinuia
yeaasndonduly (intimal tear)™

M33nw MMD Aidhusnasgnilutiagdu Aensde
viaonienauss (direct bypass) @eusewing super-
ficial ternporal artery (STA) uaz MCA viefiSenin
STA-MCA bypass 53un15%1 indirect bypass Lakn
encephaloduroarteriosynangiosis (EDAS) %38 en-
cephaloduromyosynangiosis (EDMS) Fetnedoaiunis
\Aneuesndenlagiionoaniuguein MMD 1a°®

fain1sinwee STA-MCA bypass aglanad ua
AMZUNINFoUTdERMaINISY1 STA-MCA bypass 8
Ag cerebral hyperperfusion syndrome (CHS) R
ANV AL AAAINURNITIINAME NIV DA BLADN
poantuaNavaIdnauunlidlasunisitdedouay
M33nuiignees

qmsudouua:iaiedsuaaumsiiio CHS

CHS mmsaﬁmmmamléﬁ’wmaguLLUUG’?@LL@'
UInAswe, N1edn, ANURAUNANIAIUAIE, DOULSS
ASITNMIIASITN  BelldnuareInsuEnIRaEnTIE
aupsnien, iensenluiioaues vseldensenldiide
suauesiu arachnoid Tngemsdruanndnidudansm
wazaUsameLedle 2 o

Yu wazansz Tevimsinwanuin eamsinuleunn

ﬁqﬂu CHS fe transient neurological deficits (TNDs)
Fanuld 70.2% Y9301NTUARIILAT3

R31N1560A CHS Lazaianauenisiin CHS 110
NUIWHNE fiwei] shi wazAas wuh Srsnsiin CHS
wuld 7.5% wazdniinnnelu 2 Tundsainnisvin direct
revascularization’ Uauzdl Fujimura Wasanss WU $as1

nsiinves CHS gatia 27.5% wazdniinnigly 9 Ju

A99INN199N direct revascularization™, Pang wag
ARME NUTT BRTINIAATBY CHS A 4.7% wasyniad
wnnelu 4 Jundanisvin direct revascularization',
Yu uazARlE WUIEMIINSIARYes CHS ol 16.5%"

TudagtuldinisfnwiAeafuiadeidedunisiia
CHS dafilasruswlilumsedt 1 Fawansneives
Fujimura kaganie Wuin adultonset MMD (818> 16 U),
9Imshansssnzdenosnluaues Wuladeides
TunsiAn CHS W& direct revascularization™®, vausdi
ShiaE AL WU ALALILULYBIEBAGDA MOoyamoya
wazn1sndnauessiudiefutlasedsslunisiie
CHS9, Nishizawa azans nudnanudedlunisiin CHS
#ie hemispheric MRA score >3.5 Aziut fiAudes
Tunsiia CHS ﬁﬁﬂﬂﬂﬁﬂLﬁmﬁﬁuaéwﬁﬁﬂﬁﬂﬁ@“, Bai
WaZANY WUINULIATRLAUHIUANENaN9URY STA uag
MCA ndsehdaiunndutiadodeddunisiin CHS®, Yu
waanznuhthidedunsfn CHS 7édy fo adult
onset MMD"

Pathophysiology of CHS

o taqiuditlaiil pathophysiology Tifmues CHS
finsfnwmudngnedidl CHS i cerebral blood flow
uaz cerebral autoregulation fiAUARINMSTE e
agluanmravewadenunaiuy ivauedianinse
U¥ushfunisiudsunasmes hemodynamic fiAnty
152, 15

® $n pathophysiology Tidfayiensiiiuduzes
oxygen free radical %ﬂLﬁﬂmﬂﬂﬁ reperfusion #a3
A1991 direct revascularization ﬁﬂﬁtﬁﬂmnﬁ'wﬁu
4849 vascular permeability Faduadunisiia CHS'™® "7
1N3ANINUI matrix metalloproteinase-9 (MMP-9)
fivsaunTulutaefidu MMD waz MMP-9 T
Tumsilhinaussuinuazidensenlulboauemds

210 reperfusion injury'” *®

musamusudnldlumsifaie CHS (Imaging for CHS)
® Computed tomography (CT), magnetic

resonance imaging (MRI), magnetic resonance
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angiography (MRA) annsaueNNSUAsLLUAe AL DS
wazaansaldu indirect evidence ¥4 CHS 1A iy
5il cerebral edera 7iAnAUSIA anastomosis site,
N33 new onset of intracranial hemorrhage (ICH)
%39 subarachnoid hemorrhage (SAH) Indfuusnad
U1 anastomosis wag MRA, computed tomography
angiography (CTA) @ansauentain bypass graft 893
Fonlanteliuazsuenamuninues bypass graft 16

® Positron emission tomography (PET) 1u
ANENEVNISETNARes U gold standard Tumsitiade
CHS Tanlutlagtuanunsauen cerebral blood flow,
cerebrovascular reserve 1 wifllsiflsanenuiafiananse
e wazldansnsavilanasaan

® Single photon emission computed tomog-
raphy (SPECT) @u15auan cerebral blood flow Wag
cerebrovascular reserve 9 @wnsavilaviuil ualy
au130uen selective arterial perfusion ¢ wazeialy
lafinnlssmenuia

® (T perfusion W8z MR perfusion @u1snusn
cerebral blood flow 1@ waganunsauseanm cerebro-
vascular reserve I favisaosiatimsiauiiunsuans

A1 SPECT usiliveneedaliaiunsai selective arte-
rial perfusion e

® Doppler flowmetry anunsoUszliuaues
Tun1siia CHS lalaensidSeufieu cerebral blood
flow (CBF) "dsn@niguiunaunian®

m53HIFE CHS Mdumsw1dn STA-MCA bypass
Tuiilng moyamoya disease

msy CHS anunsavhldradioauldfonnisuans
Y99 CHS 32uAUl imaging findings i

1. fmsuiinves CBF Ushadivhnmisrevasnidon
asmﬁﬁsjﬁwﬁiyﬁﬁmimmsﬁw PET scan, SPECT, CT
perfusion JagtudlsFimsiuuaeiuueulunFiteds
TuuneansAnwld 100%, U1eansAnwIlY 150%

2. finmdens¥adnsuenilaifinsgasuviefu
Yasvaendeniivinis bypass (vascular imaging Lu
MRA %38 CTA)

3. LinuauAsunfiannamaieniessdfiesune
onmsvesrliau Wy auewnnden, Bensenluiipaues,

nanuLile temporalis naLdenLloaus® "

#3197 1 Risk factors of postoperative cerebral hyperperfusion syndrome after STA-MCA bypass in MMD9-13

Patients Method Results
Fujimura et al." ® 58 patients ® Prospective ® Adult onset(age> 16)
® 80 hemispheres ® |-IMP-SPECT POD1, 7 ® Hemorrhagic onset moya-moya disease
Nishizawa et al.'"  ® 83 patients ® Prospective ® Hemispheric MRA score > 3.5
® 97 hemispheres ® |-IMP SPECT POD1, 7
Pang et al.” ® 223 patients ® Retrospective ® Advenced age(> 43.5 yrs)
® 277 hemispheres ® RAPID perfusion CT (pre op) ® Tmax > 6 sec(AUC>80.5 ml)
Shi et al.” ® 160 patients ® Retrospective ® Lt hemisphere
® DSA(moya vessel group) ® Dense moya vessel
* CTP(CBV, CBF, MTT, TTP)
Yu et al.”? ® 2225 patients ® Meta-Analysis ® Adult onset moya-moya disease
® 27 cohort studies ® SPECT, MRI, CT perfusion

I-IMP-SPECT= Single-photon emission computed tomography with N-isopropyl[123]-p-iodoamphetamine; POD =

Postoperative day; RAPID = Rapid Processing of Perfusion and Diffusion CT software; Tmax = Time to maximum;
AUC = Area under the curve; DSA = Digital Subtraction Angiography; CBV = Cerebral blood volume; MTT = Mean
transit time; TTP = Time to peak , CBF = Cerebral blood flow
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mssanua:msdavuma: CHS udumskion
STA-MCA bypass TH@i78 moyamoya disease

M33nwdagiuees CHS naensiifn STA-MCA
bypass Tupziﬂ'w moyamoya disease iéjLLfimimUﬂu
AuAUlain (intensive blood pressure control),
nstvignlungy free radical scavenger uagn135nNW
UsyAuUsenasduy

® n1sAuANANNAUlafn (ntensive blood
pressure control) Tutagduddluifiduaiviauuimig
mMsuUtRATEudmUMsmuUANmNsilalin eans
AUT2IUSalATIUTINLWININISY intensive blood
pressure controtﬁé‘fﬂmi’mﬁ 2 1ne Fujimura WagAuy
Igvhnsnemun auldiiflennisees symptomatic
CHS Wiigli¥un1svh intensive blood pressure lowering
<130 mmHg FeyilieIn1suansuss CHS anadiaz
Frwandnsnsinves CHS Tneiildldiiusasnisia
ANDIVINLERN”, Justin kavAny wuzdiAIUANAINY
FUTEIIN 100-120 mmHg”, Uno uazanly gl

ImuANAUAUTENING 120-140 mmHg™ diusve
1181989N13%1 intensive blood pressure control €9
lailefuuama fuRfidaau Tae Fujimura wagame 19
#1N13 intensive blood pressure control Junan
7 Sundniiu v SPECT ndwmseindalusuit 7 &
falldnwauy imaging ¥ad CHS agawih intensive blood
pressure control #® 1111 imaging hiflanwugues CHS
ﬁamuammmﬁﬂumﬂﬂa (systolic blood pressure
150-160 mmHg)™

® Kawamata uaAmg lavin1sAnelaenisii
continuous  strict blood pressure control under
propofol sedation YIUANGININNITHIFA WUTIEINITE
AUANANUAULANENTT Waglidnsinsiiin CHS Wewas™

° mﬂﬁaﬂumjm free radical scavenger lgingn
edavarone W@z minocycline Wu1181 edavarone i
nalnehedudinisieures lipid peroxidase Whazy28
an endothelial injury Faonataeussvnne CHS e

wadsludlawwamenisuuandaamu’® > >

A19197 2 WUIN9NSIN intensive blood pressure control

Others medication

Duration

BP control
Justin et al.*! SBP 100-120 mmHg
Uno et al.”? SBP 120-14- mmHg

Fujimara et al.” SBP <130 mHg

ASA 100 mg OD

Glycerol, Steroids -

« If SPECR POD1 +hyperperfusion
Keep SBP<120 mmHg

» After POD7 return to normotensive

Fumihiro et al.”’ SBP <120 mmHg

scavenger)

Nishizawa et al.""  SBP 110-130 mmHg

IV minocycline
ASA 100 mg OD
Keppra 1000mg /Day

IV Edavarone(free radical

« Until POD7
« Gradually return to

normotensive within POD10

Edavarone 60me/day

Pang et al.” SBP 100-140 mmHg
If patients had hypertension
keep SBP 120-150 mmHg

Keep Hb >10g/dl

BP: Blood pressure; SBP: Systolic blood pressure; ASA: Aspirin; POD: Postoperative day; IV: Intravenous;

11,12, 20-23
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&1 minocycline Lﬁuawuﬁ%’mxﬁﬁqmé free radical
scavenger 931A3Y Fujimura Wa¥AME WUINNITIAYY
minocycline Msuaealdona1 200 me/day viwan
A1310e focal neurological deficits flosan CHS ¢
pgnltpuzdny'® »

o nssnwUszAuUszAnslaeTly Wy nslie
futn wemsliedutlaanizifioansnisauesui

® 7159 barbiturate coma tiean cerebral
metabolic rate Tnsns$nenUseiulssaoaaniisslslan

ANFIURIUTEINY MiSawwIeNIsUURNTaERY>

mARAMSHIGONEI8a0A17: CHS

Hu wazAme LeANWIN1TY flow controlled STA-
MCA anastomosis Inen1s 1) 1denviaeniden donor id
uRuAudnNa1e >1 mm wagdauen >10 cm, 2)
Fenvaenden recipient 7ifl flow velocity In&iAeafiu
donor 1nnian uay 3) lden recipient artery IndiAss
1 mm figauagsi arteriotomy g1tfeendn 1.2 i
YouduUAUENA19Y0Y recipient artery WuUIINTTIN
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