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AE TN, BXe BLHJH{E (Kanno-Lassen) 12, &
512 BLIMP #E 1 [ 2 ¥ ¥ ~ (IMP-ARG i) T
b, vA7OR72THFEIZEHLTE, ML=
A BRI S, MRS Ok L
AhwE L, RFPTRnEE, f, 2K THe.

Akita Noken

Fig. 1 Two numerical brain phantoms which were used
in the simulation study. The left phantom
simulates the normal brain, and the right the
diseased brain with middle-carotid-artery (MCA)
occlusion. In the normal brain phantom, regional
blood flow was assumed to be constant in each of
the gray matter and white matter components. In
the MCA occlusion phantom, regional blood flow
decreases linearly from B to A (shown by arrows),
and increases linearly from A to C.

32 % 2 %5 (1995)

. Ci(t)
/;'Ca(s) -ds

2T, G EEER 2B D BT e
FE, Cus) SADNETH 5.
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Z 2T, C(0) (BRI Ol BT B /AT U
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Thb. 747 MIED, fp lELROLNDD
T, pliit—EBEIRETHZ L2, (%
57,

1B3Xe #HEF %1% (Kanno-Lassen (%) (22 W
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&, BUEICHEY, Bl S5 2 52T, HEND
BT RERREE (L 7225 o THAIMLG &4l % 5@l £
=2z L.7z.

DBLIMP F#HE 1 BIA ¥ v 2 1 R (IMP-
ARG i) \ZBI L Tid, B « O 5 BT s RO hE i 2
23— FAY MEFATRIBL, BI-IMP
DRI FANEE (Vo) RETHIET, 77—
TNy 7T TOFEE CTRFTHGTHEIREE % K
D729,
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Table 1 Summary of effects of limited spatial resolution of SPECT scanner on calculated quantitative
cerebral blood flow images for 4 tracer kinetic models; microsphere, **Xe-clearance,
Kanno-Lassen, and IMP-ARG techniques

Kanno-Lassen

Microsphere Clearance . IMP-ARG
(early picture)

Gray matter | —* 1 !

CBF (almost same
magnitude as
microsphere)

White matter t tt tt t

CBF (almost same
magnitude as
microsphere)

Size of gray ! tt t |

matter

Size of white —+ ! ! —*

matter

Presented by Medical*Online



Fig. 2
>

1.0

0.8

0.6

0.4

0.2

Observed CBF [ml/min/g]

Fig. 3
A

SPECT # VW 7: Bt it & D E &R E IS BT 5 REE RO 157

Effects of limited spatial resolution on
the calculated rCBF images for various
tracer kinetic models which are often
used for quantitative measurement of
regional cerebral blood flow with use
of SPECT. Functional rCBF images
are displayed for full-width at half
maximum (FWHM) of 4, 7, 12 and
20 mm. MS denotes the conventional
microsphere model, Clearance cor-
responds to the intra-carotid bolus
injection technique, K-L the Kanno-
Lassen technique, and IMP-ARG the
method to quantitate the regional CBF
from a single SPECT scan (IMP-
autoradiography). It can be seen that
the calculated rCBF images are
dependent on the tracer kinetic model.

Numerical Phantom
FWHM = 12mm

o
o “a
@40
a0 b

| O Clearance
4 Kanno-Lassen
O IMP-ARG

1 1 1 1

.0 0.2 0.4 0.6 0.8 1.0

CBF by Microsphere [ml/min/g]
Comparison of calculated rCBF values
obtained from the region-of-interest
(ROI) analysis. Values of rCBF ob-
tained by the Clearance (open circles),
Kanno-Lassen (closed triangles), and
IMP-ARG methods (open squares) are
compared with those calculated by
the conventional microsphere model.
The Clearance and the Kanno-Lassen
technique provide significantly larger
rCBF values compared with the micro-
sphere method. In contrast, IMP-ARG
method provided slightly smaller
values than the microsphere method,
by a factor of approximately 10%.

Effects of Limited Spatal Resoluton

MCA Occlusion Numencal Phantom
FWHM = 9 mm

Scaled to Absolute
Y

AFig. 4 Calculated rCBF images of the MCA occlusion numerical

phantom for various permeability-surface (PS) product values
of infinity, 1.00, 0.50, 0.40 and 0.30 m//min/g. The original
radioactivity distribution images were smoothed by a Gaussian
function with the full-width at half maximum of 9 mm, and the
microsphere model was employed to calculated the rCBF
images in this simulation. Upper images-are displayed with the
absolute scale of rCBF (the peak value corresponds to 0.80 ml/
ml/g). Lower images were normalized by the maximum value in
each image. It can be seen that the decrease in the PS product
value causes not only the reduction of the absolute rCBF values
but also the reduction of the relative contrast. With a small PS
product, physical dimension of the defect in the rCBF image is
decreased.
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HiE7 7> b LDEIE

MRIE{& & 0, RREHNBE7 7~ b AEEZ 2
e L7-. B AICBITS 3 D MRI Eifg
(T1583, T2 %A, B L UBFEE) IS LT, K-
nearest means %0 (2O %X, [KHE, HHE, M
B, B, B, N2 I FO6RS M
L. 209 bLIKAEBLVCHROMKEMY:
ZNhZN 0.8 ml/min/g B £ TF 0.2 ml/min/g & L,
FhUNoMmEES (L7225 > TRETRERE %)
toryaEEEFfELC. /2, PXe BLU
DBLIMP A LT, MBRSEERE, The
N10miml BL30miml & L7, K77~ b
L DML, AC-PCHIHEIZFEATAD 6mm ETH
5.

FEROBRERBAIET 7~ P AICINA T, PR
gk (MCA) BIZER % I 2L — M 5 REUE
T bAREEL. ETHERLABIET 7 >~
FADKFEIZBVT, HEERRD 100 E215
180 ¥ C, MiEMEHEMICE D E TR S
H, E5IZ180EL 5 240 E T THRIEMICER &
72 (Fig. 1).

BN EERE S hEEDF B

ERL L - EREBE 7 7~ P AICBWT, k&
400D+ L —HEFIVIZHE D RTINS B iR
BOIVTIVAETFNVICALTR YA F IV
B #1ER L7, 512, ThODMYyHEEE
EfRICA L, FEIE (FWHM) 4, 7, 12, BLO
20mm D 2 RTH 7 ARBEHFESHESL, A
A=V LCEREER L. COBERICHL
T, LB L7242D b L —HEHRERRATE 7L
EO%, BERMRAEREE%ER L 7 (Fig. 2).

1 BIEIRE A O S

MCA FAZEREE7 7 v FA X AWT, AR%
1 BEREBRDELE ¥R/, MCA FIERE
fE7 7~ b A2 LT, Renkin-Crone D E 7 VI
VLD BRSNS BETRR T E, P, D
BERD L) IFHE L.

fobserve =£ (1 —e~ ) 3)

22T, PSit L —%® permeability & AR M

BOBMAERABROME (m/min/g) TH5A. PS

32 %2 %5 (1995)

£ LT, oo, 1.00,0.50,0.40, 3 & U 0.30 mi/min/g
#IR%E L /- (Fig. 4).

RS/ DSEE DR TE

B LORE, #BAK, EHKBEICERE
24mm OMAFEELHEEROD ZFFE L. Thb
® ROI *&1E Lo ixE L, BTk
MEELFTE L.

L. # 3

R L7c, 2HEDOREIET 7~ M 4% Fig. 112
Y. IKEE B L UCARERBO RN T E
i, #hFHh 0.80 ml/min/g, 0.20 mi/min/g T
5. KA B L UHEEEOMERIEL, Thth
1166 cm BLU 649cm? THH, ThHDHIL
18:1.0 THot:.

EERBIE7 7~ b 2B A, BEmEE
BEfED ML —HBITETFVIKER, Fig2 BX OV
Table 1 (27" ¥. BEEFEILEIT D 26V, MR
BOEEMEIZEILL TS, YA 7 ORATTE
TN (MS) IZBWTIE, FEILICREV IR E E#iE
DMFEEAMET L, HEB L O EEO Mk
EXEA LTS, —F4, 7T 7 ¥ Ak (Clear-
ance) [ZBWV T, IKAEBEBOMKED Y — 7
fEIZIZIZ & A EEEAR O NS, BIlLiiER
(JKBE) DiEEDHEA L T 4. Kanno-Lassen i
K-L)IZBWThH, 79U 7Ty AEREIC, &M
MEBOKE EHWRLTWE, 22, JKAKIL
EE (MLKEDKKE) OFEL2 LA LEDHLN
72 (FWHM 7% 12 mm Ok, FWHM 4 mm (2~
T# 40% EH). Clearance =B L N K-L #EL b
2, EfETFRbEITocLE, BEBLUREM
WHEBOMBEMED LR FEZ L. IMP-ARG
ECBWTIE, 1A 70X 7 2 7L RO
B %Ry 05, ERFHELEIT) Iy, MitE
3 A7 0R7 2 THRICHRTETREZRL
7.

JE PR 0L 3% 2 1 1% (FWHM = 12mm) (X33 5
LRI ORER% Fig. 3 [ORY. ¥4 2702
TL2T7ETFNVRL 77 LV AICERLTHA. K
HE BRSO M EE L, IKE L 7-1E(0.80 mi/min/g)
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MCA Occlusion Numerical Phantom

FWHM=9mm
1.0 T T T T
°  PS=1.00 [ml/min/g]
o PS=0.50
08 + ps=0.40

& PS=0.30
06

04r h

0.2

Observed CBF [ml/min/g]

1 1 L

0.0 € :
v.0 0.2 0.4 0.6 0.8 1.0

True CBF [ml/min/g]

Fig. 5 Comparison of calculated rCBF values obtained
by the region-of-interest (ROI) analysis for the
MCA occlusion numerical phantom. As the
permeability-surface area (PS) product decreases,
calculated rCBF values decreases particularly at a
high rCBF range. With the PS product less than
0.50 m!//min/g, observed rCBF values are found to
be insensitive to the true rCBF values at a rCBF
range >0.40 m//min/g.

INLEZFIEL, YA ORA T2 TEFTVICE
Wik, ¥—=2Z{ET, 0.65 ml/min/g F2ETH >
72. Clearance EDERIL, A /70X 727 F
FTIVDOFERAIERT, HIZBAEEMTH Y, HHi
IKEVE DA, 0.70 mi/min/g F21 O — gl %
5.2 2150123 - 72. Kanno-Lassen {£1238 W T
b, YA URT 2 TEERNRS EBAAFHEE R
L7z, 0.80 mi/min/g (K & SO IRENE) & ) K
EME%R 5 2 5O IF/E L7, IMP-ARG (I
BWTIE, 94270272 7EFMICHRT, &
HHIZH 10% OB/ NGEfi % 7R L 7.

Fig. 4 121, PS 7% 00, 1.00, 0.50, 0.40 3 L ¥
0.30 ml/min/g & L7 & & D MCA FAZERE 7 7 ~
b ZE{E (FWHM=9 mm O 2 RTTH 7 ABEHT
FEELTH5B) 2"d. PS HEAEDT S IME
v, SRES T OB/ NEHESRO5ND. £h
FNOWEIE O K AMETHRE L72FR (Fig. 4 TE)
T, RIMGT R BT 5 M EEA I E
ALTEh, #RELT, MKEDKTHEEDY
A XD L.

Fig. 5 1213, MCA PAZEREZ 7 > b 413
BB O R LR T, ERTFELE Lk
WEERI T A EEREEIC 7Oy P LTHS.
PS DA & & b2, FETHN IR & 1 % &/ EFlh
LTwi. £7:, @/0GHEOREL, SIitE3
EKThHo:.

Iv. £ =

HES TR CHVWLRTWA Bt ETE
DETNINE, WL O2DHEELRE»H 5.
ROEELZBREEROV £ DL, SPECT OAR
LM REECERRT 5, MIBEIRTH 5.
WEDET VT, 52 5hRom/NEEUT,
B CHiZz- &, POMKEN—HTHSHZ
ExFigE LTwA, L2 L, RESNZELE
B2k (RBEROBEHRICBNTD), MKEHEH
Yook, KAEB L UOAE R EOMED
R DHEEANRIEY 5. @FORBFRMKEDFT
BEFIAL, FHA S TR (o0 L T IR
BhoT, ZOMBREORZEL, FHREIOR
WM REERYS 2L, $o, ZOBEER HHT
FL—HBLEWETNVIKET S, Rezai 5V I,
13X e Kanno-Lassen 3= T4V O f& Fr v L7 & % 11
EL, IhHinvitto DY A 7T A7 = TIETH
MG EMEIC R TRE CGRREHl L TWwb 2
AR L7 ((REEBICBWT, ¥4 70X 727
7T 0.20 mi/min/g \2%F L, '"Xe Kanno-Lassen {2
Tl 0.60 ml/min/g). ZDOWHHEDEVEWVIE, #
DEAENRIAT B85S, FHTLET VL
DWRLZLOTHA, ELTWD, ERE, A3
BWTh, ZUTITVAETNIITA70R
7 x TR AR TRl 2 B ARl 2 Z & 27
RENT. B5IZ, Kanno-Lassen #ETld, IREL
72K EHE O B L = 1E (0.80 m//min/g) & 1 &
VAR BT S 2 EAUREN.

Fig. 3ISRL72EIIC, 420272 TER
L2 R E X, EOMitEHEA®, 0.80 ml/
min/g (KE'E) & 0.20 m//min/g (H'E) D 2 5D
ATHAHIZHEDLLT, Bl hcmikEfHE,
0.20 mi/min/g & 0.80 mi/min/g O [ % & HAIIZ 55
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iThH, Tbt, SPECTTHS NS MW{EIL
FEARB AT F R E R IARE O A X) O
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2L, 2T I AETIE, IREEESICHEL
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MFEET 52 5. L LEESOMRIMA &I
RE LGB VLTIE, REML Q0275
50% F2RE) @ KEFEMMi# 5 2 5. Kanno-Lassen {%
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EFEING, 2L, RE LZIKAEDMTE
fif (0.80 mi/min/g) & W b EHVMEEZRT DD, ~
A70A7xTiEE LW (EHBER) 2R L
7o ZhUE, THBSEEO M EE % sk
OIRE L0 EEZOND, AIFFETIX, M
LDHEBOKE S HEE 24 mm OHBICEE L
7o, AERELT, IKHE (T 4D b &MLt E#k)
DHEO/NE VBT E, FATIK LG & (s
L, ¥4 270X 7 27HI2L500LEMOH]N
ERL7. $Thbb, BLHEEPICE T A
OBWH/N S VI EMREEIZ NS 2D, Bl
HRMOBREDFHE A EZ L, Bl o %
R EVRTFRHEINS.

IMP-ARG {£ T, ¥4 7B A7 x 7~
T, BB Z L7z, Zhid, PLIMP O
B & DB LIS & o TH U 5 T heis s &
ML EAE D IR (B ML & 381 3 & AT 2
H5), BLUOEHMOHBEVERTH L7014
UCHHMMREDEEBICLIBbDE LTHRTE
5. BOREHAKERY PO CT(PET) 2> Tl
Pk E * E &Y A0, PET ODZEMS LA
BRO7-DIAEL S HEREDOFE L, ®IZMiiE
DB/ D% DD T EDTRERTHEW, =
NEFBOBBIZELEEZOND, 2721, #
10% F2BE O 8/ NEF-filh (DD TRV L &3 TR T —
E) &, EFHLMEL R Z LW,

1 BIEEREB/EIE, b L — 25Kk CEMIME)
1 EFERT 5 & &1, BHIMED SRk &
TTA25ETHA. WOKEXEET 57O

32 %2 5 (1995)

&, 1 EERESEIL 1.0 THD I EHRMWT
HDH. LhL, @EHEEFETHHINS (MXe LU
oy b L—HTid, 1 DIEREBTIE 1.0 LY
v, 3R LA L), 1 EEREREL
PS f& & Mt &AEIKAF L, PSFEflinsiIi A3 % 12
g, poMeEEs” LR T 51 38@A L, L
Ao T 2 M/ NGE§ 2. ABFETIX, =
D 1 [AEEREBFE ORI OWIRIZ G- 2 5 8 % 3F
fifi L 7= (Fig. 4).
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0.93 m//min/g, 0.52 m//min/g, 0.42 m//min/g 2l
Th. INLEFTRTHOIL—HIZBVTIE, £H
nWhizirt, HR%EPSHOEELZTITTWD.
PS fliAs/hEWiT L, 8w/ S R MR & Wik
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Summary

Evaluation of Partial Volume Effect in Quantitative Measurement of Regional Cerebral
Blood Flow in Single Photon Emission Computed Tomography
—Effects of Limited Spatial Resolution and First-Pass Extraction Fraction—

Hidehiro Iiba*, Yuichiro NariTA*, Babak A. ARDEKANI*, Jun HATAZAWA™,
Mayumi Nakazawa**, Iwao Kanno* and Kazuo UEMURA*

*Department of Radiology and Nuclear Medicine, Akita Research Institute of Brain and Blood Vessels
**Nihon Medi-Physics, Tokyo

Two numerical brain phantoms were generated in
order to investigate errors which might be included in
the quantitative measurement of regional CBF with
use of single photon emission computed tomography
(SPECT). The first phantom simulated the normal
brain, and effects of the limited spatial resolution of
the SPECT scanner were evaluated for 4 tracer kinetic
models of the conventional microsphere model, the
intra-carotid bolus injection technique of '*Xe, "Xe
Kanno-Lassen method, and the IMP-autoradiography
(IMP-ARG) method. The second phantom simulated
the diseased brain with middle-carotid artery (MCA)
occlusion, and effects of the limited first-pass ex-
traction fraction were investigated for the microsphere
model with various permeability-surface area pro-
ducts. The limited spatial resolution caused systematic
underestimation of the radioactivity concentration in
the gray matter regions, and systematic overestimation

in the low CBF regions. These errors in the original
radioactivity distribution were found to cause further
systematic errors in the calculated regional CBF
images. It was also found that these errors were highly
dependent on the tracer kinetic model employed, e.g.,
regional CBF values were overestimated in the clear-
ance and the Kanno-Lassen methods compared with
the conventional microsphere method, whereas values
were underestimated in the IMP-ARG method. It was
also shown in this study that the limited first-pass
extraction fraction caused significant underestimation
in the calculated rCBF values. In addition, regional
contrast can be reduced when using a tracer with small
PS product. This suggested a possibility of an over-
sight of a small ischemia.

Key words: Regional cerebral blood flow, Partial
volume effect, Single photon emission computed
tomography, First-pass extraction fraction.
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