21sa1sus:anAagA1ans

16 U 13 aouil 1 wnsAw - Dougu 2565

nasus:liju cerebrovascular reserve
TudiUos chronic cerebrovascular insufficiency
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‘U‘Vlm’lNﬁLﬂ%m’iﬂUW)WJﬁmﬂﬁNLﬁmﬂ%ﬁlmﬁﬁm resting hemodynamic parameter AUNT9I/ cere-
brovascular reserve (CVR)IEIEJ%%N’IGIig']%V[ﬁ"fl’ﬂﬂ?ﬂ'i'] resting hemodynamic parameter ﬁﬁmwﬁaﬁuéﬁu
cvritldannnisinlaeisannsgiw adnefiviednAnyAa mean transit ime (MTT) lwsaauzdi cerebral blood flow
(CBF) waz cerebral blood volume (CBV) lalldidamingriu cvR Aildainn1sinlaeisanagiuwadnefivied Ay
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Abstract

Cerebrovascular reserve (CVR) is an important hemodynamic parameter for evaluating patients with
chronic cerebrovascular insufficiency regarding both treatment options and long-term prognosis. Acetazolamide
challenge test and CO2 inhalation test are standard methods for CVR evaluation. However, both methods
have several complications and limitations. Indirect measurement of CVR by resting hemodynamic parameter
is an alternative diagnostic tool especially in the center where direct CVR measurements are unavailable. In
this article, we review literatures that compare resting hemodynamic parameters to direct measurement of
CVR. We found that among resting hemodynamic parameters including mean transit time (MTT), cerebral
blood flow (CBF), and cerebral blood volume (CBV), only mean transit time (MTT) is significantly correlated
with direct measurement of CVR.
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A% impaired cerebrovascular reserve LUilade
deslunisiinaueziaiendiiudiaefifinnizaes
aandaniFass Tz fameain atherosclerosis 130
Moyamoya disease ARIN  “aNIINAITUBANEINT D
TsAuaIn15UseL 8% cerebrovascular reserve 83278l
nsenanlaianisn1ssnunlaenisvin extracranial-
intracranial bypass anmae N15USZLHR cerebrovascu-
lar reserve lae38n1m331waz1dN19%7 acetazolamide
challenge test %¥38 carbon dioxide inhalation L‘ﬁaﬁﬂﬂ’ﬁ
WIBULNIBU cerebral blood flow ABWULAZHAINIIATIY
ag9lsnmu ﬁy’\?ﬂ'l‘iﬁ'l acetazolamide challenge test
W& carbon dioxide inhalation S3%ABKAIIATITNADL
Fradudon fSanadsdlunisindaunsndanainnis
M579 LAzRIBINNANDENAIT Iwraeaa1UnIeaa lds
AINNSEN1N15A973 cerebrovascular reserve lAg3a
N161551%

n19U52Ld% cerebrovascular reserve 119883
Imﬂmﬂ‘ﬁ resting hemodynamic parameter oL TwN9
\donfisiusslegignsusanduilafiamnandoaluns

1,2,3

U5218% cerebrovascular reserve FI8IGNIATFIH

no:duevuntdontSaso (chronic cerebrovascular

insufficiency)

ﬂ’nzaa\laﬁ?}'lmﬁam%a%'ﬁ (chronic cerebrovas-
cular insufficiency) ﬁaﬂ’nzﬁﬂuaﬂﬁ cerebral blood flow
gandnunfdussezaaininnit 2 iew deanariald
fihef annnsanasandens1As17 (transient isch-
emic attack), recurrent ischemic stroke nI08719/N1Z
unwsaszasnnslayan (impaired cognitive function)

mﬂﬁiamaf\]ﬂflwdwwm%'qﬁeluﬁﬂwﬂéuﬁaﬂﬂwu
ANBIZIALADAUSLI watershed area $38813H brain
atrophy v[ﬁ
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ANDILATRIALREALAYEIBABDN LA

anAnUnfzasialafisnansariiliiAe chronic
cerebrovascular insufficiency vLﬁLLﬂ'ﬂTw heart failure,
sick sinus syndrome L& atrioventricular blockage ’?_'ia
aMzwanfiazinldilaguindonlifeanaslaan
aet

ANNARUNAZIAaRaNaILAzHADALDAEIWAD
ﬁﬁﬂﬁl,ﬁm chronic cerebrovascular insufficiency Tawn
N1SAUAWABINABALABR extracranial internal carotid

artery (ICA) ¥38 intracranial artery 99111172 athero-

sclerosis, lsm Moyamoya , CNS vasculitis 138 cerebral

'
%

AVM?® Imammqmnﬁﬁw %iLAR chronic cerebrovascular
insufficiency Aa atherosclerosis wazlsm Moyamoya

N1I¢ intracranial atherosclerosis L"ﬂum:}x'ﬁwu
Tsiae Tngaznuluaniaidennnnin Annsinan Twan
o Fanun1zileUszaw 7.2-30% 209AniilaiiAgf
81N15aNBI21ALA0R waziUn 30-50% 20951L1RZEY
ischemic stroke h213La88°

112 extracranial atherosclerosis WUIGT‘IJ'EIEJEL%QJ
goong Inelugiilaifionnisiifieny 70 Yauly a1ansn
WUAN11E cervical ICA stenosis LAgeiia 50%°

TsA Moyamoya 1fulsafiinnnsauswaasrasn
\d0m ICA danUane MCA, ACA 8ausn Saniufinsufia
ﬁuﬂaa collateral vessel L3A Moyamoya L‘T]%Iiﬂ'ﬁlwu
Tunguandiuuaziaides snnnindszinenziuan’ lag
Tutszina gu, Fu uazinnd fseeuniswulsad
3-16 318681529105 100,000 A laegiieanaiin

TIA, ischemic stroke e hemorrhagic stroke ﬁv[,r;fs

Physiology of cerebrovascular hemodynamic and

cerebrovascular reserve
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bral blood flow 811 flwdasfn1s3nwIszaURRALHIN
cerebral perfusion pressure %Lﬁuﬁu‘n%aammﬁmm
Lfl;a\‘ﬁnﬂmﬂ cerebral blood flow aAAYANDIALLARNTT
2adon Tun19nduiwnIn cerebral blood flow L
NN Az RRNIzENDIUIN NeoeaRnEenaanly
anaals

AMHNANNHS2BINT INAIeu2a9LE0RNY cere-
bral perfusion pressure WA cerebral vascular resis-

tance WWIURTNANATT

Cerebral blood flow = Cerebral perfusion pressure/

cerebral vascular resistance

nsAruRNUSHaLRenfAgsanaslrAed
aunsavinlalaenaln cerebral autoregulation nanl
Ao Léja cerebral perfusion pressure ARAY ﬂET'lNLi{a
Turassndonsznanesuiioldivasndonsenamads
ALY cerebral vascular resistance aRad MAN1INAU
%R cerebral perfusion pressure Lﬁuﬁuﬂﬁ”’lmﬁa
Tunaamdonsznasnmiialivasnionnasiding
1% cerebral vascular resistance Lﬁs‘l?i”w?iﬂwaqmﬁ'mﬁa
cerebral blood flow %ﬁﬁi'lmﬁ Lfia cerebral perfusion
pressure BElWI29 50-150 mmHg lRevaonLian
d?%ﬁﬁUﬂUﬁﬂiu cerebral autoregulation Nﬁﬂ‘ﬁlﬂﬂﬁa
precapillary arteriole®®'°
Cerebrovascular reserve BR18HIAITNEINITE
gaenasaLdanlun1saessndianaliiia cerebral
autoregulation'® ¥inn cerebral perfusion pressure &g
a0LfiwnInd autoregulation azAUANLE 19neRzd
nalnlun1sususalaenisufia oxygen extraction frac-
tion ABNTIIAALET oxygen pananLBeniindwanuni
iatlesinlaildanoann oxygen?®
\Hoanasinne1Ban Nd% cerebral trauma,
ischemic stroke #1358 intracerebral hemorrhage nabn

cerebral autoregulation fazueainsaniely wiee1a

A&7 cerebrovascular reserve aRRY ﬁadma‘lﬁ' GEXRN

lulRanfiA1anaina Nbe I wnan AL oA ARNITAR

(%

51 M lAviaanlAannAcA7 d9NaLY cerebral blood flow

CBF “(ml/min/IOOg)

Cerebral autoregulation

v
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sUN 1 N3MUARY autoregulation §9snmdn Tugag CPP
50 -150 mmHg CBF 9zHA1IRIN (AALUaIAIN

Monica et al.’)

> CPP (mmHg)
OEF
A
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sUN 2 nIWudaRIANNANTILE 2N Oxygen extraction
R
fraction NEWHAWLND cerebral perfusion pressure

anad (ARLUAIIINPower et al.?)

\Hessanisanadansinduiiias perfusion pressure
anag’"'?
#ONINVIRaALREAENEIIAN1SUSURIABNNS
WaewuUadrad cerebral perfusion pressure ka3 KABA
\RamgIinN1SAOUALDIRBIEAU carbon dioxide Twldan
sae Tneiila co, lwdanfAfunaundaiolunaan
\RamaziinnsAanesi Knlinasnidonzenefl doua

14 cerebral blood flow LaW Twnenaurin vin €O,
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3enU CO, T%Lﬁaﬁl%l,’iﬁlﬂ'ﬂ CO, reactivity
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3UN 3 N9MLARIATNENNSIzNIN 32AU CO, Twmdon
bae cerebral blood flow (ﬁmmmﬁl’m Monica et
al.”)

ﬁy’\‘mav[,ﬂsluﬂ’ﬁl,ﬁm cerebral autoregulation L%
CO2 reactivity A19ATWAUAITHNEINITALATTAGTEGA
waznAsAAIRaUSUUaswauIATasnaa AL o ALY
LR8I cerebral autoregulation, cerebrovascular re-
serve Waz CO, reactivity JRANNTNNUBSADAW NE1I
Favn CO, reactivity tiae (naanLdonaenefkoeli
H3zAU COﬂ%LﬁE}ﬂﬁLﬁN%%) cerebrovascular reserve 1l
azvpennlUse ﬁodwaalﬁ’ cerebral autoregulation uel
aaluse Beudanadununsiazlalmdunsusin
M39L3918% (non linear relationship) \iie9a1n auto-
regulation LInn1smoUaResIaINg NLianaanLdon
TnemsssausadonamnnaswiiUiowulas Tuams
ii CO, reactivity Hunismevaussasnanatitonasn
\domsasnsiaiilnesl endothelial cellliraAedasdae
aenalsnmaluntspdfinadinnsnld co, reactivity v
N13U92N104 cerebrovascular reserve Wazcerebral

=213,14,15

autoregulation Taiduadnen
powdrArylunnonaiinuev cerebrovascular re-
serve [UN"9: chronic cerebrovascular insufficiency

n19RA19 impaired cerebrovascular reserve

LEAIAIAINETNITOLNITSNWIT2AU cerebral blood

o 4 @ o 4 a
flow NamaAd ﬁﬂtﬂ%ﬁﬁ]ﬁ]mﬂﬁlﬂ%ﬂ’ﬁmﬂﬂ’]’JZﬂNEJ\‘I?I'm
& o o ) a a

Ham wazaaldiduidasenitelun1siaiswidannns
%’nu’llﬂﬁlmi&hﬁm extracranial-intracranial bypass

4 a4 a a 4 &
LNBLNNUS NI UL A AN NILARIE N

1%§ﬂ'sﬁlﬁﬁm?$ intracranial Lag extracranial ICA

stenosis 910 atherosclerosis N158 impaired cerebro-
vascular reserve $3aHN1SLNNIWADS oxygen extraction
fraction ﬁ'ﬂ%ﬂfiu symptomatic LLae asymptomatic 9
WnlanaLin ischemic stoke lu#9szesiian 5 ¥
=] s 1 dld dl o 1 o
WNBUNUNGHNH cerebrovascular reserve NUNA ae19N
WA NIIA DB Iﬁlﬂnfiuﬁﬁ impaired cerebrovascular
reserve QxﬁIﬂﬂﬂﬂLﬁm ischemic stroke 13-17% /% 1%
ﬂmzﬁﬂﬁjuﬁ cerebrovascular reserve UnG ‘[ammﬁm
ischemic stroke 3-4% /U (P < 0.05)'®71819.2021.2223

#9N15HAR extracranial- intracranial bypass 1%@"1_']38

o
=]

nguitazanlanialiia ischemic stroke aIUGNATLGIES
Ild ar o s Qﬁzs

TufedAynedia

I%Q’ﬂw{‘m Moyamoya RN impaired cere-
brovascular reserve agl:LLﬁl Ima@’ﬁﬂm'sz impaired
cerebrovascular reserve ﬁ@%LL’iG%ﬁIE}ﬂ’IﬁLﬁM isch-
emic event %Q\‘m’j?mjuﬁ impaired cerebrovascular
reserve Laiguwusd (lanatiim ischemic eventlutaa 3
o T d ) i o o
U15.6% SL%ﬂan‘ﬂ severe impaired CVR LN8UNU 1.5%
lungui CVR Lielaiguuse P < 0.05)%

Twsuzain135nw1lsA Moyamoya n15USeLR
cerebrovascular reserve bHLARUNUINNINTEATHAT
AANWIAE1GA STA-MCA bypass LagamlnnAasunng

o v o 1 Qs | 3 >3
wnndazananlasnanainain1saedteduwnan lne
HeawAUEnI TN 1 cerebrovascular reserve
Tunsandwlae1an®>2® luanwnisidanusimlunsg
H1B/ STA-MCA bypass N36anaanLianlhuSLIuns
cerebrovascular reserve 5N3¢LfiR angiogenesis HANIN
NN3FENABRALEBRAWUSIIMT cerebrovascular reserve
Anunflanin®

%anmnm‘ﬂﬁ cerebrovascular reserve 1uﬂ’l’i
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wensaiaadelunsiinanasnaiionluaniam
wazldlunisiianusiialunisinsenaaniionua?
N19U52L 8% cerebrovascular reserve Gl%rgl'ﬂm Moyamoya
fiuszlertlmioonisussfinanadeslunisinde
unsndansznine uaznasingnsnsae lneguieds
Impaired cerebrovascular reserve ﬁEHLLiﬂ azflana
LB perioperative ischemic stroke L& post operative
hyper-perfusion syndrome N’]ﬂﬂ’j’]ﬂ@:Nﬁ impaired

cerebrovascular reserve v[,ai?mlﬁazs’zg’so

n1suUs:lidu cerebrovascular reserve

mmgmelumﬁm cerebrovascular reserve 111161
Tnenauiinszau co lwmdenzaedtae udaninin ce-
rebral blood flow fawuAENAINIIAN CO, NI
AdilaanuFeuifisuiu Inen1afinszsu co, Twian
pnavinlalaensl Acetazolamide MnevaamianmnG
Acetazolamide 2ZUNWSHTW blood-brain barrier 13711
6l enzyme carbonic anhydrase 1w brain daualy co,
firngetu wioonarinlalaenisligvae gannelaien
fing co, i lulmemss daun153m cerebral blood flow
wuwsnansnrilananeds aun n1sld e perfusion,
MR perfusion, SPECT, PET 158 transcranial doppler
ultrasound®’

N19%11 acetazolamide challenge ¥inlAlaens
1% acetazolamide 16-18 mg/kg (Uneantinanale
aw1ne11g wnnlugUiennsne) nerasaianan
Inenaonidenazisaaenasf 5 wifindslien uazas
Ag8FININTgAT 10 wifl uazqnBenaznanluings
20 w1l TuAwUNG cerebral blood flow ansnsaLRnTs
NNLHN 30-60%

AN cerebrovascular reserve §13150AWINLATN

RENAR

CVR — CBF, postacetozolamide — CBF, preacetozolamide % 100
CBF, preacetozolamide

daleUSeuaas acetazolamide challenge La'jal,‘ﬁsm
flun13¥i1 CO, Inhalation Aalaidonasia Systemic blood
pressure, heart rate LLag respiratory rate®'
HadaLAE991nN15 1 acetazolamide THlagia9
anunsanulpveslsun annsanseusailuin wiezn
Uaneslauaewindenuls 51.4%, onn1suanfsweny
15 42.4%, ann1staaizuaenuls 13.5%, 8115
manldwuls 12.7%, sn1ssamndenuls 10.6%,
n135usafaung 7.2% dounnineanisiraninula

1 Y 1 =] o Id o
ABWANININ LLE]L‘lJ%LWEJ\‘Iﬁ'JﬂT]'JLLﬂSVLNNa%lﬂi']ﬁl

31,32,38
PITIEN

FaunIndounquussann1slesu acetazolamide
7RN1591891%LA.AN5LAA pulmonary edema, cardio-
respiratory arrest FawulauaanIn (<1 %) LAZVINNA
\inlugUaenfiongainndl 70 Y4

N15L0/ ischemic stroke 310 steal phenomenon

oV vao X 1 a o d
NAILASU acetazolamide (NA1IMBNISNHAABALADR
AUunRRNSPEem luaME viaanieananUns Ly
dwnsazenenalannl#iaengn shunt aanainuiim
da a a & a & I
NinUnfananadlwusiiuwwinnisanaten) 1w
U 2 s o 1 [~3 a wa
Fafesziolunnangud] agrelsiainlunizljun
UVL Iad =) o L4 1 31,36
g9 LN HI129T1BN5ARNTILAINGT?
U a Qs nﬂl £ U v

HANANNNATILABIRIN LANE1LULAD acetazol-

amide 89RUfRSeNAUeNBwNABINSZS TAuA
. o v 63 ! < a

acetazolamide m%i‘]amazLﬂumamazmumi
AU lithium, quinidine, procainamide, methe- namine,
phenobarbital WAz salicylates NN 1HILAUINAFIHAAR
BANABOIINNITARTLAVEIUNFAIWASHIUHE1E
1 JwmA19ua7 acetazolamide SIAINITALNNTEAU
&7 cyclosporine ¥NAN151I5INAW Feanavinlwiia
nephrotoxicity 16 waz acetazolamide GaviinlaniaLin
digitalis toxicity 8ns18 WAZWINA3U acetazolamide
INAU salicylate 2LiIRN172 metabolic acidosis L&
CNS depression L&°'

BANLRTHAIINADFADLYDY acetazolamide NNAD
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Mg Fad1Anfid1Anfigadimiunisin aceta-
zolamide challenge TuUssindlngda Tiin151iuaen
intravenous acetazolamide

N19¥1 CO, inhalation test Wi lelnanislwgiae
gARN CO, ANNLINIY 3 - 5 % LAIVIIN19IA cerebral
blood flow TmelwAnUn Paco, fifiadnh 1 mmHg 92
11194 cerebral blood flow %L‘WIN?T% 0.01-0.02 mLsg/
min  WAN1SPENEEIDINAD AT DAL ATIUTNGS
gAAN CO, wazvasALdaAvzNaUgN1IzUnfaE g
FIAFTINAINEAGAAN CO,

AN cerebrovascular reserve 818130AIWIRLADIN

Gtk

CBFpoxt—COz - CBFpre—COz
CBF, pre—CO>
100

P, Apre—CO2 — P Apost—CO2

CVR =

Namsl,‘ﬁ'aq cerebral blood flow 31nN19%11 COo,
inhalation test 92188131 115711 acetazolamide chal-
lenge BE19NIN WeNINHNI1 CO, inhalation test
SofiuatradaslaudnisiUdswutas heart rate uas
systemic blood pressure Iﬂﬁl blood pressure §1H158
iiaEnlegaie 10 mmHg

[GEER G CO, inhalation test ﬁﬁy'umaumsﬁ']
fidudound uazlduafidnawtoendi acetazolamide

challenge®’

nasus:lidu cerebrovascular reserve lnon1sls

resting state hemodynamic parameter

nfina1rundresuasfinlddn n1susefin
cerebrovascular reserve WUUN1A3F WlHI19zlABN13
#11 acetazolamide challenge %38113%11 CO, inhala-
tion test Fanfawnanfidudaunasuais fuadiaded
uazdadnninegdlanes vinlrluwunsusainaliainisn

U521 cerebrovascular reserve 118350113319

nismnoidendulunisus:idu cerebrovascular
reserve Hoiduus:lestiogoun

1wl A.A. 1984 Gibbs WAzAME HILNANUIT Thh
HUI8MaaRALAaALAY internal carotid AUAWUIIIIBDL
finsiinduzas mean transit time (MTT) lugaued]
A1 cerebral blood flow (CBF) WazA1 cerebral blood
volume (CBV) 8olallufenutas uamsliifind resting
state hemodynamic parameter (CBF, CBV, MTT) WAAY
safinaliliinaulunsussduanadesluniaia
dnoeaaLien laefi MTT a1atsuanienissl impaired
cerebrovascular reserve b5’

U A.A. 2000 Kim wazAelAs1891BANSANEN
WSguneun1sIn resting hemodynamic parameter 310
n15911 MRI perfusion WgUNUNISIA cerebrovascular
reserve (CVR) 311N15%1 acetazolamide challenge
99mTc-HMPAO SPECT Twgae unilateral ICA occlu-
sion 10 518WUIT mean transit time (MTT) &NWWS
flu CVR ae19f%edAg (1= 0.69, P<0.05) Tnamz
it cBv, cBF TaladninsiucvR adnofivedAn™

U A.A. 2002 Kikuchi wazAmelAI1891BAS
AnwUSeutisuni1sim resting hemodynamic pa-
rameter 311N15%1 MRI perfusion \N8UNUNISIA
cerebrovascular reserve (CVR) 311N13%1 acetazol-
amide challenge Xe SPECT 1%@’1]3&1 chronic occlusive
cerebrovascular disease 17 518 (34 hemisphere) WU
el ﬂziu'vdllaj severe impair CVR (CBF increase < 0% ) &
MTT gan'j’ma;:u moderate impair CVR (CBF increase
> 0%, < 15%) waznguuns (CBF increase > 15%)
ag19led1AY (p = 0.0004 WA p < 0.0001 AN
a16U) TReMTTA R8I WdaAHSAU CVR fianasadis
#ned1Any (r = -0.789, P < 0.0001) &9uA" CBF,
cBv luusiazngulalaunnsronnedrefivedAy 39

7 A.A. 2002 Kaneko LazAmzlA1891%NSFHNY
WSguneun1sIn resting hemodynamic parameter 310

N19%1 MRI perfusion WguUAUNISIR oxygen extraction
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fraction ( OEF ) 910 150-PETIuNgwns18619 17 318
Feunznaumae {18 asymptomatic ICA stenosis 11
318 LaLNEaNASUNR 6 518 MTT SNNWSNU OEF
agefied1Aty (r= 0.81, P < 0.001) luamefl CBF,
cBv lalaansinsnu OEF agnefivadmAmy™

U A.A. 2006 Tanaka wazAmelA51891HAS
AnwdSeuneunisin resting hemodynamic param-
eter 91NN15%11 MRI perfusion W18UAUNTISIA oxygen
extraction fraction ( OEF ) 910 "°0-PETlug128l Moy-
moya disease 36 318 WU MTT §HWWS iU OEF 7
\induagnefied1Aty (R®= 0.61, P<0.001) laefi
CBV, CBF llaanAwsAu OEF agefsiedA®

U A.A. 2008 Rim wazAMlAS189TBANTANEN
WSeULNEUNI9IR resting hemodynamic parameter 310
n19711 CT perfusion WiguNUNI9Im cerebrovascular
reserve (CVR) 31NN19%11 acetazolamide challenge
SPECTGL%;J:‘tlJ’JEI Moymoya disease 19 318 WU MTT
dNnEnU CVR agsfsedAnluwusSians MCA territory,
basal ganglia area L watershed area (r= -0.56 to -

[

0.43,P<0.05) CBV &NWW5AU CVR aealned 1ALy
1anz1uuS1Ioe watershed area (r= -0.65, P< 0.05)
sauA CBF [ lsaaiusiu cvR agsdiviedrAglumgn
uSaw*

¥ A.A. 2008 Amita WazAME [HI189TBNNTANET
WSgueuni9in resting hemodynamic parameter 310
A5 CT perfusion WgUAUNISIA oxygen extraction
fraction (OEF) 91n '°0-PETIw g8 cervical carotid
occlusion 6 518 (12 hemispheres) WU MTT §NWWE
flu OEF agnefivearty (R? = 0.590, p<0.001) lu
aguzdi CBV, CBF Lol dainsiu OEF agnsfindAey*

U A.A. 2009 Kim wazAmzlAs189Iw1SAnET
WSEULNEUNT9IR resting hemodynamic parameter 310
A1391 CT perfusion 1guAUN15IA CVR IAg acetazol-
amide challenge 99mTc SPECT 1%@‘0’;8“7;31 unilateral

ICA ¥i58 MCA stenosis 371%3% 23 518 WU MTT ALiNN

Fua1nUnBALA 1.5 w7 duud 11U 155 impair CVR
(CBF amad > 15% 1184 bA3U acetazolamide) aeafive
ARty (sensitivity 88%, specificity 70% P < 0.001)**

U A.A. 2010 Park wazAMelAs1891BA15ANLN
WSeuieun15Im resting hemodynamic parameter
97NN19%1 CT perfusion LguAun13m CVR lae ac-
etazolamide challenge SPECT Tugtae 35 snefilesu
N19H1AR STA-MCA bypass (Moyamoya disease 26
918, atherosclerosis 9 i'lEl) ﬁauﬂhﬁm, early post op
(mean6.6 days), late post op (mean 6.4 months)
WUIIHAIHIGR (late post op) CVR TsdaTiE S RE A
aeafinea1AY (P < 0.001) LAz MTT §NWWSAU CVR
ag1elviadnAty 1w pre op (r = 0.343, p<0.001)
ez late post op (r = 0.365, p < 0.001) Tned CBV,
cBF TulaanAwsAu CVR agelisedAn®

9 A.A. 2010 Eicker kazAmMelA51891%A15AN BN
WSEULNBUNT9IR resting hemodynamic parameter 310
A13%11 CT perfusion LgunRUN15IA CVR 1Ae acetazol-
amide challenge SPECT s[,%lgl'ﬂi'&l 13378 (symptomatic
ICA/ MCA occlusion 9 518 WAz Moyamoya 4 518)NU
91 MTT wae TTP ANWHEAUNNS impaired CVR aen9i1be
At (P < 0.005) luamizii cBv, CBF lalladuning
AluN"9 impaired CVR a819f%ea1Ay*

U A.A. 2016 Kawano LazAMlA1891BANTANY
WSguLneun1sIn resting hemodynamic parameter
97AN15%1 MRl perfusion LAiguniun1sim CVR lag
acetazolamide challenge SPECT e[,w;;l'ﬂ:]ﬂ Moyamoya
33 578

WUIN MTT dNAWSAU CVR adnalitiedAnl
US04 ACA territory (r = —0.5154, p < 0.0001) k@
MCA territory (r = —0.5636, p < 0.0001) &%l
US1I0 basal ganglia MTT THlAFNABSAU CVR aene
fiednAny Taen1s® MTT flena2w aransariiuienis
H impaired CVR 1o Tned sensitivity 68.4%, specificity

91.2%, positive predictive value 68.4% LLAs nega-
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tive predictive value 91.2% Iwanuz# CBF, cBv lalg
ANWWGAU CVR ae1edveaAy*’

¥ A.A. 2017 Hashimoto uazAMzlAI189%
N19AN®ILUSEULNEUNISIA resting hemodynamic

parameter 1AN19%11 CT perfusion tABUAUNISIA

CVR 8 acetazolamide challenge '231-IMP SPECT 11
#1798 unilateral ICA %38 MCA stenosis 20 318 WU
MTT dNW®GAU CVR ag1elwedAy (r= 0.717, p <
0.001) luaszii CBF, cBv Tulagnwusiu CVR age

Aned1mAny*®

A1919% 1 HAN1SAN®INISIR resting state hemodynamic parameter W gUAUN15IR CVR

Author No. of cases Disease Method of measure Method of measure Result
resting hemodynamic CVR/ OEF
Kim et al. 10 cases unilateral ICA MR perfusion acetazolamide MTT correlate with CVR
2000 occlusion challenge SPECT
Kikuchi et al. 17 cases chronic occlusive MR perfusion acetazolamide MTT correlate with CVR
2002 (34 hemisphere) cerebrovascular challenge SPECT
disease
Kaneko et al. 17 cases asymptomatic ICA MR perfusion OEF ""0-PET MTT correlate with OEF
2002 stenosis 11 cases
normal volunteer
6 cases
Tanaka et al. 36 cases Moyamoya disease MR perfusion OEF '"0-PET MTT correlate with OEF
2006
Rim et al. 19 cases Moyamoya disease CT perfusion acetazolamide MTT correlate with CVR
2008 challenge SPECT  in MCA, basal ganglia &
watershed area
Amita et al. 6 cases cervical carotid CT perfusion OEF '"°0-PET MTT correlate with OEF
2008 (12 hemisphere)  occlusion
Kim et al. 23 cases unilateral ICA/MCA CT perfusion acetazolamide MTT correlate with CVR
2009 stenosis challenge SPECT  (Sensitivity 88%,
specificity 70%)
Eicker et al. 13 cases symptomatic ICA/MCA  CT perfusion acetazolamide MTT, TTP correlate with
2010 occlusion 9 cases challenge SPECT  CVR
Moyamoya 4 cases
Kawano et al. 33 cases Moyamoya MR perfusion acetazolamide MTT correlate with CVR
2016 challenge SPECT in MCA, ACA but not
basal ganglia
(Sensitivity 68.4%,
specificity 91.2 %)
Hashimoto 20 cases unilateral ICA/MCA CT perfusion acetazolamide MTT correlate with CVR
et al. stenosis challenge SPECT

2017
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TuA1u289n15ANYIANNANAWS 289 MTT AU
a1n19n19AsAnlaenseEm

U A.A. 2016 Robert LAZAMZIIBIIBAITANE
N9/ resting hemodynamic parameter 1NN19911 PET
Elmj’ﬂ'm Symptomatic ICA occlusion 68 318 Wa3
AARINASLARA ischemic stroke T1d2913871 5 T waavin
cox regression analysis WU MTT ﬁLﬁuﬁuﬁNﬁJuﬁ‘rﬁJv
N19L7iA recurrent stroke agNgdREAIALY (P < 0.01)
sensitivity 77.8%, specificity 76.3%"*°

U A.F. 2016 Hirai LAZAMZIIEITBANTANYINIT
16 resting hemodynamic parameter 21AN15%11 MRI
perfusion Iuﬁﬂ’fl&l Moyamoya disease AIWIN 122 518
(157 hemisphere) %aLLﬂonfcjumwmmﬁmmﬁﬁn
by asymptomatic, hemorrhagic, infarction Lag TIA
WU MTT Tuﬂduﬁﬂmmi (TIA, hemorrhage, infarct)
§ MTT Tuyn area &nL% thalamus ¥1NN91 NGH as-
ymptomatic 8819 significant (P < 0.01) UazNgH TIA
§ MTTI%US a0 frontal lobe 87179077 hemorrhage 2819

o o s

ned1Agy (P < 0.05)%

unasu

s

n15U92L {1 Cerebrovascular reserve HAITNAIALY
aﬁiwmﬂi%ﬂéjuﬁﬂw chronic cerebrovascular insuf-
ficiency ﬁ'ﬂunzﬁu atherosclerosis LLae Moyamoya dis-
ease ﬁﬂflﬂﬁlmmgﬂ% Cerebrovascular reserve 8151310
Uszifinlaainnis¥n acetazolamide challenge VED)
CO, inhalation @9N9d8ITRNAMNLELY Lazdadinag
NOFANAIT N5 resting hemodynamic parameter Aa
MTT 21AN15%11 CT perfusion 38 MR perfusion HAI1H
ANWWS AU Cerebrovascular reserve Lagf sensitivity
WA specificity E[,uﬂ’l’iﬂ’ixLﬁuﬂ'l'Jz impaired cerebro-
vascular reserve agiﬁ 68.4-88% WAz 70-91.2%

13 s 1 [~} = =1 v v
ANARU aghelsimunisAnwiviatenisanu lale
3 a o . .
WwnN151U38ULNYU resting state hemodynamic pa-

rameter NUN153/ Cerebrovascular reserve Imslﬂ'l‘ée[,‘zgi’

acetazolamide challenge lagim59 waban1siUSeuLieu
AUN15IM oxygen extraction fraction WN% N1SUUANGEY
FasAstededadiimmanti uazluowinnaisfiazsinig
AnwiisnBaifieafuanaisdatesnsnisly resting
hemodynamic state Twn15Us2L8in Cerebrovascular
reserve 11nnIAFuilagtn agnolsinaluanitug
fFadnimlun1sin CVR InelBunsgin n151e resting
hemodynamic parameter Ag MTT Lﬁlaﬂmm%m’iﬁ’ﬁl

cVR lngdSa1magn anavialssienaseadnszio
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