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Combined Scatter and Attenuation Correction
for *'Tl1 Myocardial Perfusion SPECT Using
0S-EM Algorithm

Shin Matsuoka'’, Hiroyuki Shinohara'’,
Tomoaki Yamamoto'', Yasuo Niio',
Hideki Shima'’, Morihisa Yamada'’,
Shin Hasebe'’, Katsuhiro Uchiyama'’,

Yoshio Kuniyasu'', Munehiro Takahashi?’
and Takashi Yokoi®

There are two possible ways to obtain scatter-corrected
images with the ML-EM (maximum likelihood expectation
maximization)algorithm: one is the subtraction of scatter
estimate si from projection data pi, and then (pi-si)is used for
scatter-corrected projection data (denoted as SC(T) ); the other
method is the addition of scatter estimate si to the projec-
tions calculated from the reconstructed image without per-
forming data subtraction (SC(E)). This paper investigated
these two ML-EM algorithms of combined scatter and at-
tenuation correction on *'TI myocardial perfusion SPECT
imaging. Scatter windows were placed one full width at half
maximum (FWHM ) below and above the photopeak
centerline. The scatter fraction in the primary peak was es-
timated using trapezoidal approximation by the triple energy
window method. Phantom and clinical irages were recon-
structed using 6 iterations of ordered subsets EM algorithm
(OS-EM). A cylindrical phantom with a cold-rod insert and
a heart/thorax phantom with liver insert were used to evaluate
scatter and the attenuation compensation technique. A cy-
lindrical phantom filled with uniform *' T} solution was used
to evaluate statistical noise. The percent root-mean-square
uncertainty (%RMSU) was used as a quantitative measure
of noise amplification. %RMSU showed that the SC(E)
method amplified noise less in comparison with the SC(T)
method, however, no significant difference in image qual-
ity was observed between the two methods. In conclusion,
both the SC(T)and SC (E)methods provided significant and
similar improvement in the removal of scatter in *'TI myo-
cardial perfusion SPECT imaging.
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Fig.1 Phantoms for the evaluation of recanstructed images with the OS-
EM algerithm. Cold-rod phantom 1 18cm in diameter and 10cm in height
with water cylinder insert (diameter, 5.5cm, and height, 10cm)was filled with
uniform ?'T| solution. Cold-rod phantom 2 20cm in diameter and 12 ¢m in
height with 6 cold inserts (1.0, 1.3, 1.6, 2.0, 2.5, and 3.2cm in diameter)was
filled with uniform #*'Tl solution. Cylindrical pool phantom 18cm in diameter
and 21cm in height was filled with uniform ' Tl solution.
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F|g 2 Data Spectrum myocardial phantom surrounded with uni-
form attenuator.

Bl SO 7Oy s AldMAICEE L. BYEL
B, BlEiz7 > bAE 77 b AERICLLEHEEG
D707 4 — VL BRI A S 6 [ & L7210, 9mTed
FRTGIREL = v 7 SO TIOHHRIIRIE D LB E L 30k
fiE1.203" 2 7z, FEHERCHE, 1, 2, 1 EAD 9 (L
T AN E ) i e L7,
4, F— 2R
1. REETHES
FE7— 7 7 » b LA OFHERIIZ, F1ER = 8cmD I
ROIZi5E L7z, ZOPE% 3 DORLGLH CEE ) 12977,
FIAEEDPMM (0 <1 <0.33R), 1 (0.33R <r<0.66R), 4}
1(0.66R Sr SR)IZDWTEFNFNOIFHH 7 > b b i
{RADH T L 72, root mean square uncertainty (%RMSU) ' 12
O MEPMES 2R L 72, 7, CEMMETS 0 #Rl A BLEENY
W27 -7=. -
p= z Pij

i,jeA N

by (ps =P )2 (4)

o’(p)= D N

rJEA
1000(p)

P
ZZT, AIZLGHEE, pijijZAﬂ:giﬂ%i)%@.i(i, _|)C7)
TIHERGME, NIZ#FomERT FT.

= A SV WA D U7 i S NN = Bl 7 <3 1 et
DWTIE, MEHESOFHm L /eI fro 7.

4.2, a2 F5 A}

TI—=LFay F77 > ha 1 OF#RGEO I — ) PG
IZEE lemDMIZROIZ #%%E L, FHH 7~ bTH KD,
H{EOHRE Y123y 2 75 » FE L THEE 8em® [TIFROI
FHEL, FOFHHY L IBERODUTOIL M5 A M E
RTE L7

%:RMSU o

TR 10411 H25 H

fif {10 % 753

! A B
/ S —
= (&3 \) a5 % ( @S :ra
___.4/ — N

Ay K Ny K

o

Fig.3 Orientation of phantoms to the rotational axis in SPECT
imaging. A:Data Spectrum myocardial phantom, B: KyotoKagaku
heart/thorax phantom with liver insert.
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Fig.4 KyotoKagaku heart/thorax phantom with liver insert. It simu-
lates nonuniform attenuator including myocardium, lung, and bone,
respectively. The distance between the heart and liver was ad-
justed to 2 cm.
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Fig.5 Count profiles along the line shown on the cold-rod phantom 1. AC+
SC- : without scatter correction and with attenuation correction, AC+ SC
(T): reconstructed with Eq.2, AC+ SC(E): reconstructed with Eq.3.
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Fig.6 Relation between the contrast and diameter of cold rod inserts within
the cold-rod phantomn 2. AC+ SC- and others, see the notes in Fig.5.
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Fig.8 A: DataSpectrum myocardial phantom images reconstructed with the OS-EM algorithm. AC—- SC- denotes the image without
scatter and attenuation correction. Other notations, see the notes in Fig.5.

B: Count profiles along the line in Fig.8A.

(A)

=
o

b
ES

Reiative intensity

<o
(S}

—6— AC+ SC(E)
—B8- AC+ BC(T)
—&— AC+ 5C-

\%

WY -

10 20 :30 40 50 60 70
Pixel

(B)

Fig.9 A: KyotoKagaku heart/thorax phantom images reconstructed with the OS-EM algorithm.

B: Count profiles along the line in Fig.9A.
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Fig.10 A: Patient study 1. No apparent myocardial perfusion abnormality was observed in the oblique image with the FBP method. Im-

age quality of the OS-EM algorithms Eq.2 and Eq.3 was compared using the transaxial images in order to avoid the effect of interpolation

from the transaxial image to the oblique image.

B: Count profiles along the line in A.
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Fig.11 A: Patient study 2. Slight myocardial hypoperfusion at the posteroseptal portion was observed in the short axial image with the
FBP method. Transaxial images reconstructed with the OS-EM algorithr were shown.
B: Count profiles along the line in A.
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Fig.12 A: Patient study 3. Myocardial hypoperfusion at the inferior portion was observed in the short axial image with the FEP method.

Transaxial images reconstructed with the OS-EM algorithm were shown.
B: Count profiles along the line in A.
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