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Fig. 1 Illustration of the triple energy window method
for Compton-scatter correction. With the method
devised in the present study, the data within both
subwindows are acquired together instead of
acquiring them separately.

5, AL o4 FYOmENIERE L7741
YRYTELREAT Y NEC, C &L, Bl
Bi5 % TEW & Ak Fig. 1 IORT LI ICHET
TS5 E, BEMBICE B A 2 b kAT
FKashas,

G G
W, W,

)xwm (1)

2T, Wa, Wi, Wo iZFNFNAL 714~
FoBLUOHY 794 9O NVF =74 F
TIREET. (HDXITBWT, Zo0% Ty 1 v
FYDIZANVF—7 4 2 FIIEHIE LW (TR
Fer gt v FUEE W ET YA, ()R
=L xw, @
2 W

EhAb, 22T, ClICHC, THY, ZoD
T4 Y FITEEPNELTRONE.

. A &

SPECT 7°— % OUEIL, K x v F— LA
a9 A—% (LEGP) %% L7 GE ft#
STARCAM 4000XR/T % VT, 64X64 ¥ }1) v
7 AT, —J) 24 BT 360 32 &L DiTo
Tz, 7272, T 267 IR L TIEEL
72 77 v N LEERTIE, BUEEAA L B-10 B
W77 A, =77 ABIFEY V3
Y77 hAaRfERLT, LFOSHEHEIZDOWT

34 % 4 75 (1997)

REf L7,

1. Y794 RO TRELAT—2DOEEFH

— M DT

TEW £ 7 4 O RO CTELLET— 5%
AW CHELR S 2 HEL, 2474 2 F7 T
ELAT—90bRETLIO, T4 K
TWELLT =y ¥ —MrlEE % L. 2
T, AAYI74 Y KIOTANVT -7 4 2 FIgE
% 38 keV ("1 DT AN F— 159 keV 1Zxf LT
24%) & L, REIET WY 774 FoDL
ANVF =74 Y FIIE 4 keV, 5keV, 6 keV 2
2T National Electrical Manufacturers Association
(NEMA) #l#%1Z X % Central Field of View (CFOV)
AN OFE53—1 (Integral Uniformity) 3 & U734
—*E (Differential Uniformity)” & #ll5€ L, fici#i %
IANF— 4 FUlEEREF L. o :
O, A I4 Y FIDOBILANT—H 5 WK
IARLFE—M{IC, THRLVF—Y 42 FIIES keV
THRELLY 74 v FyHMTT— s IUEL
WA OWTORRE L7,

2. AL Dy N T EREBORES

TEW E T WT RV F =7 1 ¥ Foig & ff
By sz, WELLT—7 D% 2Tk
{, Hat/ A X2 T HULENH D, SO
SHCIRAEE LT, 2474 Y Ky BLOY
T4 Y Ky CIMEL /27— % % Butterworth
T ANV — % HWTEELEE L 72, Butterworth
TANT —DFGER S v N7 R 7 v
kL ORERIEIZ B 5 T HER A (Normalized
mean square error) % fll5E L TR 7z, 4 RIOFGS
T, P EREE RO D6, PUERR % 6
REZE o TR R IEHEL Lz, $72, AA >
74 YR TCRELLT—Z I3 LT, 2o b
F 7 B E 0.3 225 0.55 cycles/em, 77 4 v
FyCTIELAEF— 7L Tid 0.1 205 0.3
cycles/em OFEFHANTA v b A 7 W e MAE
HE T L, WWEICBI P fmE K
O, FHRBELRNIT LD N v b F T
W xR L7z, ZORF, Butterworth 7 4 )b
Y —DT 4Ny —RKEIE8IZEHEE L.

Presented by Medical*Online



TEW JUERERED 72\ SPECT 2618 12 X A TEW %2 W 7o BUSELAE O W E B A4S 253

3. REEEMORET

RuEENE s a7y N ACKERED
I (53,91, 193, 194, 220, 337 kBg/ml) @ 21 K
WA A, AL 2] KE O Well Counter Tifll
SE L7 UREREE, #EdhiC SPECT % & - C,
ZOHEMME X D) BHELREZOR R LG L 7.
SPECT fititd 7X7 pixel (21 X21 mm) @ B.( s %
77 ¥ b AOXE S NP PR ER I E LT
Kvzz, B, ZORELEOLUTORETIX
BB S LT, A4 Y4 Ny TUELET—
FITHF LT A v b+ 7 B 0.35 cycles/cm,
BT o4 FITIELLT— I LTdh v
b4 7 JE#£2 0.15 cycles/cm @ Butterworth 7 4 )b
Y =& A THRRREZ T 5 7.

4. WRUNHHIE & BIELARRR E RN R DARET
SRR ED —Fk e T— V7 7 ¥ P LB W
T, WIIHRELE LT 21 kB TOME 0.14 cm™!
BLU007ecm™', 0.0cm™' % H V72 Sorenson @
FED THIHHIE L7256 122w T, TEW #Ex H
WOHELRR Z M L7258 EMIE L 2G0T
77 A Nh—TERE L.

5. B4 SPECT IC& | 3 EEMDORET

Bh7 7 2 M 2AZBWT, BEEIKEEDORER
H1:43 2% 5 X ) DIKERE FNEFRDOME
Buciizz L (BEB X OIKAEICBT 5%
LN 53, 230 kBg/ml), BEELARAHERTR O Z h
ZFNOFEIMIZ BT 5 SPECT O % 5 L Tt
WA L 7.

IV. #% B

1. Y794 RIDIZLEX—"Y 1> KIig

2 5]

oW T4 YRR REIELL T4 D
BB —MHICOWTHRETT 5 729, NEMA &0
\Z & o Tll%E L 72 CFOV NOFES ) — B X U
SY) VDMl % Table 1 (/R T. DO,
IANF =74 2 KIEA SkeV T, ZODHT
T A Y RTIIOWTE A CHEIE L 7oA R D Table
LWIRY. 22097714 FyTEEIEL
Ba, TANFE =4 2 FIEA 5 keV O,

Table 1 Measurement of integral and differential
uniformity in central field of view (CFOV)

Uniformity in central field

Energy width of view (CFOV)
of subwindows Integral Differential
Uniformity (%) Uniformity (%)
4 keV* 6.6 5.1
5 keV* 5.8 42
6 keV* 6.4 4.7
5 keV (lower window)** 11.7 4.9
S keV (upper window)** 24 4 16.2

*Data were acquired using both subwindows together.
**Data were acquired using a single subwindow.
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Fig. 2 Normalized mean square error as a function of the
cut-off frequency (cycles/cm) in the Butterworth
filter used for processing the data acquired with
the main window. The plots are shown for various
cut-off frequencies in the Butterworth filter used
for processing the data acquired with subwindows
(O: 0.1 cycles/cm, @: 0.15 cycles/cm, a: 0.2
cycles/cm, a: 0.25 cycles/cm, x: 0.3 cycles/cm).
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Fig. 3 (a) Relationship between the counts measured by SPECT and those measured by a
well-counter. The closed circles represent the cases when Compton-scatter correction
was performed using the TEW method, while the open circles represent the cases when
Compton-scatter correction was not performed. In these cases, attenuation correction

was not performed.

(b) Relationship between the counts measured by SPECT and those measured by a
well-counter. The closed circles represent the cases when Compton-scatter correction
was performed using the TEW method. In these cases, attenuation correction was
performed using Sorenson’s method with an attenuation coefficient (1) of 0.14 cm '
On the other hand, the open circles represent the cases when Compton-scatter
correction was not performed. In these cases, attenuation correction was performed
using Sorenson’s method with i of 0.07 cm .
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SPECT images of a pool phantom. The upper left panel is the image reconstructed
without Compton-scatter correction, while the upper right panel is the image
reconstructed after Compton-scatter correction using the TEW method. In these cases,
attenuation correction was performed using Sorenson’s method with an attenuation
coefficient (1) of 0.14 cm '. The lower left panel shows the profiles in the center of the
images reconstructed without Compton-scatter correction. In these cases, attenuation
correction was performed using Sorenson’s method with a g of 0.14 cm ! (dashed
line), 0.07 cm ! (dotted line), and 0.0 cm ! (solid line). In the lower right panel, the
solid line shows the profile in the center of the image reconstructed without Compton-
scatter correction. In this case, attenuation correction was performed using Sorenson’s
method with a gz of 0.14 cm '. On the other hand, the dotted line shows the profile in
the image reconstructed after Compton-scatter correction using the TEW method. In
this case, attenuation correction was performed using Sorenson’s method with a i of
0.14cm .
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Fig. 5 SPECT images of a brain phantom. The upper left panel is the image reconstructed
without Compton-scatter correction, while the upper right panel is the image
reconstructed after Compton-scatter correction using the TEW method. Note that the
image contrast between gray and white matter was improved by Compton-scatter
correction using the TEW method. The lower left and right panels show the profiles at
position 1 and 2, respectively. In these panels, the dotted line represents the profile
obtained from the image shown in the upper left panel, while the solid line represents
the profile obtained from the image shown in the upper right panel.
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Summary

Compton-Scatter Correction Using the Triple Energy Window (TEW) Method
in Conventional Single Photon Emission Computed Tomography
without TEW Acquisition Hardware

Hiroyoshi Fusioka*, Takeshi INoue*, Yoshihiro IsHiMarRU*, Akihisa AKAMUNE™,
Kenya Murase**, Shuji TANADA** and Junpei IKEZOE**

*Department of Radiology, Matsuyama Shimin Hospital

**Department of Radiology, Ehime University Hospital

We devised a method which allowed the triple en-
ergy window (TEW) method to be applied for
Compton-scatter correction in conventional single
photon emission computed tomography (SPECT) sys-
tems without any hardware for TEW acquisition. In
this method, the data within two subwindows located
at both sides of the main window were acquired
together. The effectiveness of this method was in-
vestigated by phantom experiments. The integral and
differential uniformities measured using a flood phan-
tom filled with '] were minimized when the energy
width of subwindows was 5 keV (5.8% and 4.2%,
respectively). When this method was applied to a

brain phantom filled with '*I in which the relative
activities in white and gray matter were assigned as 1:
4.3, the ratio of SPECT values between them was
more accurate (1 : 4.26) than that obtained without this
method (1 : 2.08). This method appears to be useful for
Compton-scatter correction in SPECT, because it can
be applied to conventional SPECT systems without
any hardware for TEW acquisition and is available for
routine clinical use for its simplicity.

Key words: Single photon emission computed
tomography (SPECT), Compton-scatter correction,
Triple energy window method, Phantom experiments.
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