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Perfusion parameters

BONBZNTA=RICBHEADLOND 5
7, fRFEWHZ D E L T regional cerebral
blood volume (rCBV), regional cerebral blood
flow (rCBF), mean transit time (MTT), time
to peak (TTP), arrival time 2235 5. HFICH]
3HTHMPICTH W ONTEINT AR ThH
LKL, #2FB I MTT ORISR EL T
FHINAEBHEOLDOTHD, InH “sur-
rogate parameter” XS NAHDZATH 5.

Central volume theorem |Z & %5 & MTT &
rCBV, rCBF i3 k5 B \WIC#HE L Tk D, rCBF
=rCBV/MTT OBtk 2 5. rCBF (345
BAER SN AEEFERL 7 )V — A EOREOR
RFEL TEY, rCBV IZSEDOERICH/-D
# T BE s capillary DEANRFEL TV 5. &
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WS E IR @R T A MR D A — F 283 W
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WTMTIT R T 5 EVD C &, BTCE
% REORFE N R Z T AR A RIENICE
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Din IR TOBERFIZOBNT LS AN
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TREMERER B L LV OBl O
arrival time ° TTP 4 FEFK /5 /N5 A —X T
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b ARYL 2 WK FHIG 9 A N b 5 RIS TEE A
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ST Rl B R AR f B IT R B
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BRTH%. L0 IN/RE L5,
CT/MR #EREGOEEY —F v 7 7 ) —F
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BAZEKR Web X—=3 (http://ctp.umin.jp/)
LETHESN TV EDT, BRAD H7H 1T
BB E .

IE% (35 (+ % perfusion parameter

IEHEBTIE MTT i3 &% U TdiEs—T
BLODEHTH S (Fig. 1). 7272 LER
HEICBWTIEHE T RE & AT transit time
DREWEAICEDA. LrL, ZOERIHE
f2ThH, kb L TEBREY BISGAICE,
MTT R OB & X, ZO¥E—AKR
EREBRE 7> T 5. TN T rCBF
< rCBV map (I Bl 7x gray-white differentia-
tion # 24 5%. BE¥#%E (SPECT % PET)
T AIENTEITIE, THLOHLOEBROHN, AU
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ADPERCHG R 5250 L.

Central volume theorem® ORX PS5 L
212, MTT i3 rCBF & rCBV OltaFE L TW
%. MTT 73y, H—7mig e 29 %80
Lbhrb 512, rCBF & rCBV ORICIZ A
BARRDSE DA » T\W5b. #2113 rCBF 25 &\l
B (RELHLKEHE) T AL T rCBY
LEWERICH 5. #iC rCBF 2MEWEE (A
B) T, H#ILTrCBV W EICH 5.
KEZNEICIGL THET 5 E WO BAPD
(&, MEDOERDE L (rfCBF O\ HIK)
IZIMER (rCBV) %< oA d Ak &7z -
TV 5 DI AFFEAIIC & reasonable & Ebh
5.

EMIREE(C 51T B perfusion parameter

FIH DT & < rCBF 3~ ORFEOHLG DO E
wRES L. S5 & rCBF 2 2 72h T
MBI AESESL Z ENETHAH. Lo
Do THROBIMREDOREE A 51 A2 Y72 » T
HEEL/NF A =2 rCBF THh 5 ST Rim
Ao L, EEICHER LRATRE e
DO 7 rCBF OEOZALAH A £ TIZ, FRx
HERISEDRE L5OPETH 5. FFIC col-
lateral circulation (fIgIIMATE) DOLEIIEE
TRTTHY, B THLrCBV RN BEER
LTW5bEWZ 5. Lch- TIO MRS
MR-PWI CTFfli 9~ % 12247z » Tid rCBF O A&
759 rCBV 2 MTT OB AIC b EBE &£\
T HPt D ALEN D S . LU ICE MR
CTIEFHRRBONT v A% K- 1R
A =R hf 2 I RS TR 5. 72720k
TS NB 82— BT L T3 O Fd
BT EDHTHBY, Lich o> THREDORE
%R F 2 HEE1T autoregulation 1Z £ S s
@& (CMRO:) CMEEFENE (OEF) o
Ee e ZOTHBEZRO L LBPFEMTHS
(Fig. 2). AZEiIH< £TH MR-PWI % H
W oHEGZWNE A RO & 95 C &' BE)
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1. 28Ok KIKEIIREAZE ; collateral circula-
tion 8 “SAAT ICHLHHE

MAEFREN L X5 S EEEICHFTEL 7 lep-
tomeningeal anastomosis 78 BJJFEIC R £ 5 7
®, INENLMEIMTEE SR SN 5 D))
HTHDH. L2 LEZOESEICHL TUI@AED
RO TV, JIEIMATA “SAEAT ICHEL
oA, BIMICHE D REOKE &M 6D
BETHiB D & T HEKKRIEPE &, MEIKR
(rCBV) O k7242 5. Collateral circula-
tion 28 “SARZAT WCHNE, TORMBRIZEK
T ARBEOIGIIRETETHS. CDX D%
KT CTlRER EO MTT OFWALERIC L2
LI (tCBF) NEMCRI-NT WS
CrELIBLIERRBR TS, YRENLLIDED
T — AR A FRIIMRMRTFCh 5 2 &
DI N 5.
2. MO KIEEINREAZE ; collateral circula-
tion 28 “BHAHRE" FHFET HEE

Collateral circulation 78 “5A72A7 IZ7% W
413 rCBV DO K T 48 2 i 2 70 \Vlk
A ES. RUAELT HIC >N TrCBF &
W& 72D, MTT & & IR A A
i2H 5 (Fig. 3). ZO X577 F Tl
DOREIL 1CBF # b 2FICT5DOPEE Th
5.
3. B O KIMEINREAZE ; collateral circula-
tion BDERICAREL TWABEE

PRIMATER 222 L W& 133FH I severe 7%
RMREEICFES . 2O XD 7R F Gl iz il
ICEW Mt CBF) DK THREES. ik
DEEAE % R T % 723D A IR I3 i KPR & CTHRAR
55, HITCKHEMICHIET 5 MKAGFEL
e E WV IRIL & e U A LR
rCBV iZ1€ F ¥ %. rCBV 2METF L 2= fHIK 5
ischemic event #4: X5 XL, 1 FELALEE
Z BN\, T sluggish &7 512 oM T
MTT (3 S HICHEESS. O kD REE TR
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726 MR-PWI L & & AUFE D error %3k L 7= L RAEDHFEET HEE1E, RORHEZ 20Tl
pixel # S FHPTF 5 XDk 5. Bl AT AR I N TWADPBE TH 5.
4. B O A K IKED IR B 28 23 A AE 3 A FE BN K DX OEEEIL, 2. 3. THRN/A-L D20

BIEEN GO L G
rCBF / OEF

TR SR MR L /- EREIREAZE 2

MTT Perfusion Pressure

Perfusion Pressure

Fig. 2. Diagram of various perfusion parame-
ters are illustrated in this figure. Normal au-
toregulation keeps the rCBF relatively constant
as long as cerebral perfusion pressure (CPP) is
between 50 and 150 mmHg. The rCBF and
metabolic demand (assessed by cerebral oxyg-

Fig. 1. Maps of various perfusion parameters en consumption, i.e. CMRO2) are coupled at
in normal subjects are shown in this figure, in- this state, concept known as ‘‘flow-metabolism
cluding regional cerebral blood flow (rCBF), coupling”. If the CPP becomes less than 50
regional cerebral blood volume (rCBV), time to mmHg, then rCBF decreases proportional to
peak (TTP) and mean transit time (MTT). the CPP. Oxygen extraction fraction (OEF) in-
Note that rCBF and rCBV maps appear nearly creases as this happens. MTT is the ratio be-
identical. Transit time parameters (TTP and tween rCBF and rCBV, and thus they are
MTT) are in good contrast with these linearly correlated to the perfusion pressure.
parameters, which tend to have much more CMRO:g : Cerebral metabolic rate for O2
homogenous appearance through out the brain. OEF : oxygen extraction fraction.

Fig. 3. A 77-year-old female patient was found to have sudden onset of hemiplegia during
hospitalization. Her NIH stroke scale (NIHSS) was 14. MR study was carried out 2 hours after
the onset of symptoms. On MR angiography, left MCA is truncated at the horizontal portion.
MTT and TTP were abnormally prolonged, while DWI was normal, indicating a wide area of
diffusion-perfusion mismatch. This patient had undergone successful thromobolytic therapy and
survived the hospitalization.
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DIERRMERBIZE - N5 & MTT £ TTP CT&
TEF RO %7 O B2 T PRREIT R H D
PHETHDH. 2. 3. OEEFT MTT < TTP
H R CREEE I AR (B 213 MCA/ACA)
5 55 C sharp 7R AT 5 DI AN
(Fig. 3), BEFOMENLIT2A B H5E1F, XD
WiF OB MTT = TTP OREIS AR
THOPEHETH 5.
5. FEEM T & 7o K INENIREH 28

UG ETREETEA KON, 2D
[F) $E 18 1C paradoxical 7z rCBF < rCBV O |57
BRONTGEIHERCEED LERD 5.
MR angiography | & &l sylvian branch 28
LD ENDZ ERLIBELIEBVEE L b.
6. &I OM%E

BZEDRER, MLk OZEAE L 7 8IC 5\ T
{2 rCBF & rCBV [3HICTE T 2 DB EHE T
B 5. THUIRRE D ZEHE L BERE & & - 7o fRIK
ICBWTIEMBORAE NI & LW edTH
5. Z0O XSk % matched hypoperfusion
LIS

T, PRI T &7 & S 7% perfusion-
parameter OEFNZEI L TIIEML Tk < &fF
FITod 57, FEEOREKIZ T 5HEA R &
L TIRLEE L AHDIF MO &< diffusion-
perfusion mismatch OFFETH 513, MTT [
g TTP Eif} & hLEORFE G O REE 58I
SERTE DR WA, BRI FEL
BLH LD AL AN - CHREHE e 4
AR MBI Z TWBDIIFEETHSH. 250D
HIWFEREDOIEFITBI L Tld, W KH B &
TEAR SRR P E 2w L T<NBH T &I
WMrEERTFEONS.

¥F & B

MRI 7 I\ 72 2 s B 28 O IR REMEAT 13 B
W LOBREEZHEL T 5. BEGRELICH
DLEDORIIRENISHRORE AL &R
TS, COFEOBMAIE Kt L UG %
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RICET 2 BECERIISHLIEETH L LB
bhb. BRE RAICY-> TRLBEILS
5413 diffusion-perfusion mismatch T % .
4| transit time O /X5 A — &% T 5 TTP
2 MTT 3EIMOBEPE L THER T 5720
HENEBITHRANTELHMREL TEHTH
%. T/ nIZfES rCBF 2 rCBV O Z1kic
L& B OLERDA. rCBF OK T3 EMOE
& & parallel Th 4. %72 rCBV IZAIENMATER
DOFERE L HF 5. B2 rCBY AMETF L
7o CIEEMEORM AT 5 Z & R
SN A 7-0WET irreversible TH 5.
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MR Perfusion Imaging in Cerebral Infarction

Kei YAMADA, Osamu Kizu, Tsunehiko NISHIMURA

Department of Radiology, Graduate School of Medical Science, Kyoto Prefectural University of Medicine
Kajii-cyo, Kawaramachi Hirokoji Sagaru, Kamigyo-ku, Kyoto-shi, Kyoto 602 — 8566

Magnetic resonance (MR) perfusion imaging using intravenously administered contrast material
has been shown to provide useful information about cerebral hemodynamics. The most common tech-
nique involves intravenous bolus injection of contrast media and is known as dynamic susceptibility
contrast-enhanced MR perfusion imaging. We describe the basic concepts of this technique and its
clinical application in the field of stroke imaging and discuss how to interpret the perfusion data set
obtained.
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