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BRBZMN .7 12A78
PURIEER S | AKETTAAREET 6-10 (& 010)
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HF IR CRINE ST, E5iIcar7hr#
BLOFBEZITA. IO LTEL(HESL
T ZENRLETH LD, BERKREICHCS
N5 SPECT BB TIX, ThbHIIHT 2
WIEALT LOBE TR (, FRSHERISH LT
X, BETOLRZVONBIRTHE. ZD0,
BONTEREEHLREOBRELELLERDL
nTwa, flzif, EFERRE S N72Pl-lodoam-
phetamine ('?I-IMP)-autoradiography /=" TR 5
NIRRT EE %Y »5 &, PET 2ffio TR/
AT, BMRERCTHEEISE/NFEL,
7ARMRER TILBAEHET 5 2 EARBOONT
V252 (Hatazawa et al in preparation). Z#uid,
CHBEMOMELXTo TRV &, &5k
PHIENE L AT TV WnZ &2 2 RN
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Table 1 Results of uniform phantom experiments, demonstrating size and shape dependency of
quantitative counts in reconstructed images for 4 different reconstruction conditions. AC denotes
the attenuation correction, and SC the scatter correction. + and — denote corrected and un-
corrected, respectively. A circular (or elliptical) region-of-interest was selected with a size of 2/
3 in diameter for each phantom, and mean and 1 standard deviation were presented. ROI counts
were normalized by radioactivity concentration measured using a well counter in each
experiment. See also Fig. 1. Note that pixel counts were almost consistent among the phantoms
in reconstruction conditions 3 and 4. However, standard deviation was significantly larger in the
condition 4 compared with the condition 3.

Reconstructioncondition

— AC— AC+ AC+ AC+
(u=0) (u=0.14cm ™) u=0.07cm™") (u=0.14cm )
SC— SC— SC— SC—
10 cm¢ cylinder 658+27 135653 947137 985+50

Oval 595+39 1559+95 974£48 100072
16 cm¢ cylinder 571%31 161282 1007 £47 998+69
z TiE, TNERBEICHIET SR .
WRAXARIE(CBI L B ZHIEY L 5 i

CHBRMESTORL P HENVOPRES
NTW3, HEBIIOWVWTDH, 1TEALIERE
T—=2IZHEDLDDTHAH, TNEMHET LR
AIVL OPBE SN TV S, HEMHIEEDE
LHEDFEfE, BATEMICHEMZPIRTHERES N
DR THLEH, HLOFED, Bl M LET
H5LETHEMTHL I EHPHERZINTWASY,

TR 5 BLUORNISY DIRFET S triple-energy
window % (TEW ) (&, XEE—27DETIZA
2O TIARANF—IA4 Y FIEFREL, Th
POBEBBS R HET S, COFTIAL Ky
DEREANFT—FEBIIZ, EvFHhroIa
L—va il dx, ROBEERZ LT )RE
kLT3, FLZ0FMEIE, M 2R
LoTHHEEINT NSO,

ABFFETiX, SPECT BB a > 7+ Y #El
#AHT, WHE D SPECT BRRIREIZ BT 2 EEMEIC
52 28 B%FET 5. SEEO7 7 v M LAEER
WKBWTTEW X EHL, MEOFEIILSLE
EEOEEZREFL, ThrSHEBOEENTE
EEHET S, 4512, IMP-ARGEIIZIEBEL, B
P M EfEAS, BERIT L TEDREOLE
RO EFHET S.

3~y FE$RR SPECT #i& (BZ, GCA9300A/
HGY? # A L7z, LTFICHh~2 sEHED7 7~
b2z Bl-afke 7FVEEF ) U 4 (2°1-OIH)
##H AL, SPECT I AT LAz, T XA —%
BEIANVTF—RAESRE7 7V E—L3Y A—
¥ (ZEM 5 fERE ; SPECT BRI BV CTHREFH.LT
FAENE 10mm) AL, 4 EAT v 7TI12 &
[#z, 360 DT — ¥ WEEIT - 7z, IVERER
X, TNEFhOEERIZBWT2045THol.
ANF—4 2 F7lL, 160keVEI0% D7 A ~
Fozmz, ZRICELTEIALVY -0, &<
ANF—RENRFNIZ 11 keVIBEOTA Y KU %
FRELR. BBESDODOIAL Y FylUET— % H
b, Ichihara-Ogawa O 3CEK S (25 > TELELAR -
Y L7z, ERBHERIE 7 1 v ¥ — SR
£ D4TVv>, Shepp-Logan 7 4 V¥ — &R L 7.
RIVEIERX, I vvavH 4550 ETRE
Mt % 4T\v>, Sorenson iFE (BREEZR L) 2 fEH
L7, EEEHERIE, LTD 4200568 THT-
7. Tabb, 1) RIVEHIE D BELFIE b ITh %
WIEE, 2) BESHEIIT bR VA, RIVEE %
1T 7258 (RIBRHICIE A FOREZ BT S
fE% R, u=0.146 cm™"), 3)2 LA TH %
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Mu=0.146 Mu=0.07 Mu=0.146
- TEW+

Fig. 1 Results of experiments performed on uniform phantoms with three different geometrical figures; a
cylindrical phantom with a diameter of 10 cm (top), elliptical phantom (middle), and a cylindrical phantom
with a diameter of 16 cm (bottom). Images were reconstructed without attenuation and scatter corrections
(left), without scatter correction but with attenuation correction by assuming ¢ =0.146 cm ' (second from
left) and £=0.07 cm ! (third from left), and with both attenuation correction using £=0.146 cm ' and
scatter correction (right). Images were normalized by radioactivity counts in the phantom measured by a
well counter. Pixel counts were notably reduced at center when no correction was made for attenuation, and
averaged counts was decreased as increasing the phantom diameter. When attenuation correction was made
using a theoretical absorption coefficient of photons in water (£=0.146 cm '), pixel counts were
significantly increased at center, particularly when increasing the phantom diameter. Uniform distributions
were obtained without scatter correction when £=0.07 cm ! was assumed. Uniform distribution was also
obtained when corrections were made for scatter by assuming £=0.146 cm ' It should be noted that
statistical fluctuation is significantly larger with the scatter correction (see also Table 1). Shown in the last
column are the profiles for the 16 cm uniform phantom.

Effects of Scatter Correction Fig. 2 Results of an experiment on the PVE phantom,
Mu = 0.07 Mu = 0.146 fiemonstrating effects of the scatter correction on .lhe
TEW- TEW+ image contrast; an image without scatter correction

— —— (left) in which attenuation correction was performed by

assuming £=0.07 cm ' and that with scatter correction
together with the attenuation correction (£=0.146 cm ).
Profiles along the lines are also shown in lower figure.
Both images were cross-calibrated using a cross
calibration factor determined with use of a 16 cm
diameter cylindrical phantom in each data acquisition
mode. Note that the total counts for a whole image were
in good agreement between the two (< 1%). However,
significant counts were observed in a cold area when the
scatter was not corrected. The peak counts in the
radioactive area were shown to be reduced when no
correction was performed for the scatter.
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Fig. 3 Results of a 3D-Hoffman phantom experiment,
demonstrating effects of Compton scatter on the image
contrast. Both images were cross-calibrated using a
cross calibration factor determined with use of a 16 cm
diameter cylindrical phantom in each data acquisition
mode. Total counts for a whole slice were in a good
agreement (<2%) between the two images in each slice.
It can be seen that counts in the gray matter regions are
systematically underestimated, and those in the white
matter regions were systematically underestimated.

80 . ; .

0 1 . L
0 20 40 60 80

rCBF With Scatter Correction [ml/min/100g]

rCBF Without Scatter Correction [ml/min/100g]

Fig. 4 Quantitative comparison obtained from the 3D-
Hoffman phantom experiment shown in Fig. 3. Sixty
regions-of-interest (ROI) were selected (size 10 mm
diameter circle), and quantitative values obtained
without scatter correction were compared with those
with the scatter-correction. Counts were underestimated
by approximately 20% at a high count area, and
systematically overestimated in a low count area.

Quantitative rCBF map by IMP-ARG at Rest
No Scatter Correction

Nakamura Memorial Hosp

Fig. 5§ Clinical images of quantitative regional CBF
obtained with 'ZI-IMP (IMP-ARG method) at rest.
Images were compared for scatter-corrected (u=0.146
cm ') and non-scatter corrected (£u=0.07cm ')
conditions. Study was performed on a patient with
Moya-moya disease (43-year-old male). Note that the
cross calibration was performed by using a 16 cm
cylindrical uniform phantom in each condition.

Quantitative rCBF map by IMP-ARG
After Acetazolamide
No Scatter Correction

With Scatter Correction (TEW)

OB

Case: HK

Nakamura Memorial Hosp

Fig. 6 Clinical images of quantitative regional CBF
obtained with '2?I-IMP (IMP-ARG method) after
acetazolamide infusion (same subject as shown in Fig.
5). Images were compared for scatter-corrected and non-
scatter corrected conditions.
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A5, IR EU B AR DO BT REREE 54 A3 —Hk (2
%% &9 % HEERME (RERIEDF5 u=007cm™") &
FIRA L7256, 4) BERIE S RIHE b7 72
%E& (u=0.146 cm™").

£81 B—77Y1Mb)

BEREGICB TS Y MEOHERT A X
BIUBRKERERALEBMHT, BELbHKE
&, BREEO—#H77 v PAERF Y L.
FRALE77 > baid, AE10em BL 16 cm
O—KAG77 Y A, BXUOBAE—H77 >~
FATHY, EEEVITNRIEZIS cmTHo
2. T )NVEROBEEIZSOmm Tho7:. H
GEHERE B2 2564 TTv, 14 XBLURK
PED - BEOFRFROBERO—HME, S512
EEENEIL % FF4M L 7.

X8R2 REY—77>vba)

AEOHIZE SICHHEAIZELLTHEL T
2EHED T 7 FAPVEZ 7V FA)D, SMA
D IHHGTEEAE T (BI-0IH) &AL, AL
FEMETREIE I (k) Z iz L, WRIOHEBET 58
EMOEGLEFML. 77> baid, BEO0S
mm DELY = —VTTETWS, YMIlOMEIX
M 16cm, NEOMEIZHE8cm THY, 77
YFLAEEKDEE I 15cmTHo 7. RO
EAERDRBED MR, &ADEHSTTSmm TH -
7. WRIRAHIE (L, EBR1 OERICETE, BHELK
ME*TbwE Ziid ufEiZ 0.07ecm™! %{RE
L, BEBBEZTo-BICIIHRRETH S
0.146 cm™' % {R%E L TIT o 7C.

KEB®3I 77 ML)

IDFTIT VT TR ARAF Y UL, BEL
WBREICLZI VTR EERMBEOEL % M
L7:. LEREER2 LRIk, WRINMHIEX, EEB1 0
HRIIEDX, HEBHELTLEVE XT3y
fELZ0.07cm™! #IRE L, BEWEHIELITo 28
WZIZHERMETH S 0146 cm™! FIRE L TIT o 7.
FHEBRHEDOFE, ThThOBEIZONT
16cmEO—K 77 o BVWTHIEL, L&
DEGTRIEEXTV70AF v ) 7L —V 3
MVA L E AR D TV

X4 BRRRE)

123].JMP ARG {ED 71T b IV IZHED EBRK
SPECT &% % fifT, BRELAAHIE O R/ MK E
BIZ5 2 B2 ML 7. EFIZTEYEYHED
BE, BRBEETHSL. EBR2LEHK, ER10
RRIIEDE, HEBWMELfThRVWE ZIZIE
fEIZ 0.07 cm™ %R%E L, BRELMRAHIE %217 - 7ol
IIZFERETH 5 0.146 cm™! 2 IRE L THRINAHIE
#iTo7:. F-EIRIX, FREFROIESMEICS
W, EB3 RIS, 16cm—B7 7 boa%k
HWTZ70xXxy ) 7L—arvefrorz. [F—
WERE [ &E B X U acetazolamide X 5% D5
hCTRERIT- 7.

m # R

Fig. 1 IC—H¥7 7 ¥ F L OBEHKEE %, Table
1124, #FNFROT7 72 PADOPLIZREL
MLEROELRY. B OEBOKRE S, £h
FNDT7 7Y FLBERED 23 DRESE L.
Fig. 1 DHE{% B X U Table 1 D¥fEIE, 77~ b
LOWERE 7 TVEIRRIBERCEHIL, ZOfET
BRLTHE. MIHEEZTOLEVHE, PRET
BEZEICBA L, »POFOREILZ7 7Y FADOFED
KELRBIBEKRER ST, —F, KOBRIURE
(u=0.146 cm™") ZAKE L TRINFIED A %17 )
&, hRTEY EXY, POoEOREEITT L
LHBKELRBIIETEL o7z, RIURE ufE
ELTO007Tem™ #RE LT, RIVHIED A %1T
Sk, 77> bAERIZIIEZ—HEERY, OB
LEBOEEMEE, u=0.146 cm™' |2 L72HEIC
HARKESERICEZEMLOASIRD, 1112—
EWEERLL. BEMBITTA2MERIT) &, K
ORISR R EE - T, TAXBLV
ERIKEES, —Beamsmoni. 272
L, E2%nhyr MEDOKETHES & (RHER
) id, HEBHEELITHLL\V u=0.07cm™' D
BITHNRT, H14EIHERLTVS,

Fig.2 23, PVE 77 ¥ b AIZBWT, BELR
HWIEX 4T D % Do 728546 (u=0.07 cm™' THRUHH
F) &, HEBHE*T>7%H4 (u=0.146cm™!
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Quantitative rCBF Rest vs Diamox
Effects of Scatter Correction

60
SC+
2
= 40
g Gray sc-
E
w
8
= SC- _ §
20 e
S |
White . __.--"
* SC+
0" -
Rest Acetazolamide

Fig. 7 Quantitative regional CBF values at rest and after
acetazolamide infusion with and without the
scatter correction. Regions-of-interest were
selected in healthy hemisphere of a patient shown
in Figs. 5 and 6. Thin lines correspond to the data
obtained without the scatter correction (SC—),
and bold lines with after the scatter correction (SC
+). Solid lines correspond to the cortical gray
matter regions and dashed lines corresponds to
white matter regions. It can be seen that gray/
white contrast is improved by applying the scatter
correction.

TRIHIE) DB EZRT. FREROBEERIX
16cm ED7 7Y FADKRTI/OAXY ) T
L—2arLThh), EB7 7> bagkzHE
BLFEIIC BT A A Y v MBI, TIE 1.5% O
BT BHEBMEZITLEVEE, B
BEOFEELZVWEERT, SESHELXITo 7256
ICHRTEEIIEVD Y Y MEYFED ORI, —
H, BEHEDFEET A O 7 v ME, #EL
BRAELIThEVWEE, BRI CHIES N

IV IR MOETHRED LN,

Fig.312, 3DA 7777 7 bAIZDWVWT,
ELMAIEL T LD 272358 w=0.07cm™! TR
IWHIE) &, T2 7238 (u=0.146 cm™' THRILHH
F) DEBOLERRYT. 777 222 ET

33 % 2 5 (1996)

BOEED A 7~ MBI, TRXTDRATALRICE
WT2% DERET—HKLA. 77 Mo EICER
10 mm O AFRE-LHEBE 60 FXEL, TEETL
BL-KR% Fig. 4 IR Y. BEMBHEEZ LW
BADRATHSTHEIRE X, HEBBMELTo75
BITHARS EIZIZERBRICH 5D, SEHRIER
BAZBVTH 20% OE/NFEMi% L, #IEEH
fEFEIS CILAAEEM L 7.

Fig. 5 3 £ U Fig. 6 {Zi%, IMP-ARG =% #&H
LBRRREDKRERT. TRENLTHEE X
U acetazolamide B £ N EEMITEE D, BLEL
WAEDFEOKBLRT. 2kt ST OHE
DR MMERR, BERBEDFEIILST, 2%
DFEFET—H L 745, BTG E EBEROF
ETHEELREHNBOOLNI. Fig. TIIRTLES
D, BANIBT A EERFITMITEE, BESR
WIEWCE Y, IKAEMEST 269124 95 328+
2.7 ml/min/100 g |2 22% EH L, BHEHBEET 16.7
+0.9 #*512.9+1.3 m/min/100 g ™ 22% #HA L
7z. —7, acetazolamide B %D FHETN MR
3, BEMMIEICL Y, IKAEEET 42.7£2.0
ml/min/100 g 2> %55.5+3.0 mi/min/100 g {Z#J 30%
NDLER, AEFERT233+1.2 55 17.3+£1.0 ml/
min/100 g ™~ 26% &4 L 7z,

Iv. %

BEFIIBWT, SFSTR4AHENB L UEL
FRNT A=Y DEEDVFRAEALNBH, ThiZ
i, BEATOMMBBUTEIRE; EERICHIE S ND
ZEMEIHRE SN TS, LicwsoT, HlET—
YR LEENETA TV LIE, Boh
BEBNGA—F I P LhoTRHEEGZ, T
DEEDEEYTHEL TBL I LNEETH .
ABFFE T, SPECT W fllEIIBWVT, =
Y7 VERERRDE 2 BB R L 7.

HEBOBRERTOE VT, —HEBgTiaE
S ROWER L EFEHER L7256, ELS
WG IE 24T &, BEIRPRIZED LAY 232
O, ZBhOoEREIRERDOKE SPHRIK
LT/, Fig 1BXU Tablel [SRTEBD,

2
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BERIKEWVIEIEZORBIIKRELS. BED
SPECT EERETIE, 7OAF¥ ) Tl —V 3
v EMEN B FET, SPECT EE L 7 VR
25 & DM RREOBIE % 1TV, ZOREZ &R/
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HBOL WIS GRIERCHEEELN DS Tik
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HEMBEZITo D L ASEDHEIBONDS &
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4IZHREINT. BEREUEICBWTY, @it
THEEDAEIT)BAIII, FERY ufE (BF
TR p=007cm™") ZFEHT A LT, 12ITR
SEEhpEEZLNE, L2L, BAIDEESIT
)L EICIE, HELBBREIEETHL. Tib
L, BAUKEEO@/NEHOORE, AREHTO
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SYRET . AR THRET L7 1 BIOBRK 7 —
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256 1.6 ~EH 6 EIB/NHEI L Tz, ZfE
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BTl E%, & 0E/NHET2Z e EZ LN
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Summary

Effects of Compton Scatter in Quantitative Brain SPECT

Hidehiro Iiba*, Masaaki TAkAHASHI**, Nobuatsu MOTOMURA***,
Takenori HAcHiYA* and Jyoji NAKAGAWARA****

*Department of Radiology and Nuclear Medicine, Akita Research Institute for Brain and Blood Vessels
**Department of Radiology, Nakamura Memorial Hospital
***Toshiba Medical Engineering Laboratory, Medical Equipment Division

**xxDepartment of Neurosurgery, Nakamura Memorial Hospital

Effects of Compton scatter has been investigated
for quantitative single-photon emission computed
tomography. Using a technique proposed by Ichihara
and Ogawa (triple-energy window method) as a gold
standard, effects of correcting the scatter has been
evaluated for 5 different phantom configurations, as
well as a clinical cerebral blood flow study with use of
13]-IMP. Without the scatter correction but with a cor-
rection for attenuation, a conventional reconstruction
provided a non-uniform distribution for uniform phan-
tom configurations, and the quantitative pixel counts
being highly dependent on size and shape of the ob-
jects. On the other hand, a uniform distribution and
quantitative pixel counts that were independent of size
or shape of the object were obtained by applying the
scatter correction using a conventional attenuation
correction technique with use of a theoretical 1 value

of 0.146 cm™', thus suggesting importance of the scat-
ter correction. Similar results were observed without
the scatter correction, if an empirical value of u of 0.07
cm™! was used in the attenuation correction. However,
this procedure was found to decrease the image con-
trast between the high count and low count regions.
Significant underestimation of 20-30% was caused in
cortical gray matter regions, and overestimation of
20% in the white matter regions. In practical clinical
studies, magnitude of the error is still unknown, and is
probably dependent on shape, size and radioactivity
distribution of the object. A further systematic study is
required in order to investigate significance of the
scatter correction in real clinical studies.

Key words: Single-photon emission computed
tomography, Quantification, Compton scatter, Cere-
bral blood flow.
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