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Objective The purpose of this study was to evaluate

the appropriate parameters of a filter and of subsets (S)

and iterations (I) of the ordered-subset expectation

maximization (OSEM) algorithm in 11C-acetate PET.

Methods A Hanning filter (HF) and a Gaussian filter (GF)

were selected for filtered back-projection (FBP) and the

OSEM algorithm, respectively. After evaluation of the

optimal HF size, the GF size was optimized using healthy

volunteers (HV). Myocardial blood flow (MBF) and

oxygen consumption (kmono) values were calculated by

combining 4S, 16S, or 28S with 2I, 4I, 6I, or 8I of the

OSEM (MBFOSEM and kmonoOSEM, respectively) in eight HV

and eight coronary artery disease (CAD) patients.

These MBFOSEM and kmonoOSEM values were compared

with those obtained using FBP (MBFFBP and kmonoFBP,

respectively).

Results Optimal HF and GF (10.0GF) sizes for the FBP

and OSEM algorithms, respectively, were 10.0 mm

full-width resolution at half-maximum. MBFOSEM was

changed by modifying the parameters of the OSEM

algorithm. The best correlations were between MBFFBP and

MBFOSEM, with 28S6I and 10.0GF for HV patients and 28S8I

for CAD patients. However, the MBFOSEM with 28S8I

was significantly different from MBFFBP at the global

myocardium in HV. The kmonoOSEM with 28S6I was not

significantly different from kmonoFBP in HV or CAD patients.

Conclusion Appropriate parameters are 28S6I with a

10.0GF on the MBFOSEM and kmonoOSEM measurement

using 11C-acetate. Diagnostic performance will improve

using noiseless, artifact-reduction images, and accurate

quantitative values that are provided by the OSEM

algorithm with the appropriate parameters. Nucl Med

Commun 33:130–138 �c 2012 Wolters Kluwer Health |

Lippincott Williams & Wilkins.
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Introduction
Image reconstruction processing is an essential step to

obtain high image quality in PET. Reconstruction

algorithms usually fall into one of two main categories:

analytic image reconstruction methods, such as the

filtered back-projection (FBP) algorithm, and iterative

image reconstruction methods, such as the ordered-

subset expectation maximization (OSEM) algorithm [1].

The FBP algorithm is generally used as the gold standard

for quantitative PET, whereas the OSEM algorithm

improves the image signal-to-noise ratio and eliminates

streak artifacts in the PET images because of its more

optimal handling of Poisson’s noise in the sinogram data.

In cardiac PET studies, the OSEM algorithm yielded

accurate quantitative data and improved image quality in

comparison with the FBP algorithm when used for

measurement of the glucose metabolic rate in 18F-2-

fluoro-2-deoxy-D-glucose (18F-FDG) PET [2–4] and for

measurement of myocardial blood flow (MBF) in 15N-

ammonia PET [4–6]. However, the OSEM algorithm has

not been applied to the measurement of MBF [7–12] or

oxygen consumption (kmono) [13–22] in 11C-acetate PET.

In this study, we evaluated the parameters of an OSEM

algorithm, including optimization of a smoothing Gaus-

sian post-filter, which were appropriate for MBF and kmono

measurements in 11C-acetate PET. The values of MBF

and kmono calculated using OSEM with different para-

meters were compared with those calculated using FBP

in PET studies of healthy volunteers (HV) and coronary

artery disease (CAD) patients.

Methods
Participants

Sixteen participants, eight young male HV (age range:

21–36 years; mean: 28.9 ± 6.2 years) and eight CAD

Original article

0143-3636 �c 2012 Wolters Kluwer Health | Lippincott Williams & Wilkins DOI: 10.1097/MNM.0b013e32834e7f5c

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



patients with known myocardial ischemia (four men, four

women; age range: 60–87 years; mean: 73.0 ± 10.3 years),

were studied. All patients fasted for more than 6 h before

PET examination. The study was approved by the Ethics

Committee of Fukui University Hospital and the experi-

ments have therefore been performed in accordance with

the ethical standards laid down in the 1964 Declaration of

Helsinki. Written informed consent was obtained from

each participant.

Positron emission tomography procedures

All participants underwent PET scanning using a whole-

body tomography scanner (ADVANCE, General Electric

Medical System, Milwaukee, Wisconsin, USA), which

allowed the simultaneous acquisition of 35 image slices

in a two-dimensional (2D) acquisition mode with an

interslice spacing of 4.25 mm [23]. Performance tests

showed the intrinsic resolution of the scanner to be

4.6–5.7 mm in the transaxial direction and 4.0–5.3 mm in

the axial direction. A 10 min transmission scan was

performed using 68Ge/68Ga for attenuation correction before

radiotracer administration. Approximately 740 MBq of
11C-acetate was slowly administered intravenously over

30 s and dynamic data were acquired (5-s� 18 frame,

7-s� 30 frame, 60-s� 5 frame, and 120-s� 5 frame). Trans-

axial slices were collected in a matrix size of 128� 128

pixels.

Image processing

A Hanning filter (HF) and a Gaussian filter (GF) were

selected as smoothing filters for the FBP and OSEM

algorithms, respectively. The projection data were

reconstructed using the FBP algorithm with the HF,

and the OSEM algorithm, which was combined with

several different subset (S) and iteration (I) numbers,

with a full-width resolution at half-maximum (FWHM)

GF in the transaxial direction. To optimize these filters,

the size of the HF was changed to 4.5, 6.0, 8.0, 10.0, or

15.0 mm FWHM (4.5HF, 6.0HF, 8.0HF, 10.0HF, and

15.0HF, respectively) and that of the GF was changed to

5.0, 10.0, or 15.0 mm FWHM (5.0GF, 10.0GF, and 15.0GF,

respectively). We determined the effect of the filters on

MBF calculation using a summed image of the early

dynamic phase in the HV study. The parameters of the

OSEM algorithm tested were combinations of 4S and 2I,

4I, 6I, or 8I (4S2I, 4S4I, 4S6I, or 4S8I) of 16S and 2I, 4I,

6I, or 8I (16S2I, 16S4I, 16S6I, or 16S8I) of 28S and 2I, 4I,

6I, or 8I (28S2I, 28S4I, 28S6I, or 28S8I) using the

optimum size of the GF, which was applied to the patient

study. The values of MBF and kmono, which were

calculated using each parameter of the OSEM algorithm

(MBFOSEM and kmonoOSEM, respectively), were compared

with those calculated using the FBP algorithm (MBFFBP

and kmonoFBP, respectively). These PET images were

corrected using radioactive decay to the start time, a

deconvolution scatter correction method [24], and the

recovery coefficient of the PET camera.

Quantitative analysis

The MBF (ml/min/g) values were calculated by a Patlak

plot using dynamic image data reconstructed with FBP

and OSEM algorithms as reported previously [12,25].

A summed image of data obtained 30–150 s after the start

of PET acquisition as well as MRI T1 images were used

to place regions of interest (ROIs) in a suitable position.

Fifteen ROIs (5� 3 slices) of 6.0 mm diameter were

drawn in the left ventricular (LV) cavity to obtain a time–

activity curve (TAC) of arterial input function [26] and in

anterior (ANT), septal (SEP), inferior (INF), posterior

(POS), and lateral (LAT) walls to obtain TACs of each
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(a) Effect of smoothing filter size on filtered back-projection and ordered-subset expectation maximization algorithms at the global myocardium in
healthy volunteers. The value of the coefficient of variation (COV) reached a maximum when a 10.0 mm full-width resolution at half-maximum hanning
filter was applied in the filtered back-projection algorithm. (b) A filter size of 10.0 mm full-width resolution at half-maximum was best for a Gaussian
post-filter in the ordered-subset expectation maximization algorithm using parameters of 28S and 2I ( ), 4I ( ), 6I ( ) or 8I ( ).
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myocardial region in HV and in the LV cavity and the

ischemia region in the CAD patients, using dynamic

image data obtained 30–150 s from the start of PET

acquisition. The average MBF values of global myocar-

dium were calculated using the values of ANT, SEP, INF,

POS, and LAT.

The kmono values were calculated by a graphical analysis

method using dynamic image data obtained between 8 and

20 min of 11C-acetate PET [22]. A summed image of data

obtained over 8–20 min as well as MRI T1 images were

used to place ROIs in a suitable position. Fifteen ROIs

(5� 3 slices) were placed over the ANT, SEP, INF, POS,

and LATregions of dynamic images of HV, and the ischemia

region of the dynamic images of the CAD patients, to

obtain the TAC of each myocardial region. The average

kmono values of global myocardium were calculated using

the values of ANT, SEP, INF, POS, and LAT. The kmono

values were obtained using the equation q = Ae– kt [where

q = count/pixel/ min corrected for physical decay, k = kmono

(per min), and t = time (min)] [25,27,28]. A monoexpo-

nential function was fitted to the TAC of each myocardial

region and the values of kmono were determined.

Statistical analysis

Image noise was defined as the coefficient of variation

[COV, SD/mean� 100 (%)] of the pixel values within the

global myocardium using the HF and the GF filters in

the HV study. The values for MBFOSEM and kmonoOSEM

were compared with those of MBFFBP and kmonoFBP using

analysis of variance and a post-hoc test. The correlation

between MBFFBP and MBFOSEM and that between

kmonoFBP and kmonoOSEM were evaluated using linear

regression analysis. Agreements between MBFFBP and

MBFOSEM and between kmonoFBP and kmonoOSEM were

analyzed by Bland–Altman plots that show the differ-

ences (FBP – OSEM) versus the entire range of average

values ± 2SD [29,30].

Results
Myocardial blood flow calculation

The smoothing effect of the different sizes of each filter

tested using the FBP and OSEM algorithms was deter-

mined (Fig. 1). The COV reached a maximum of 32% when

10.0HF was applied to the projection data of the FBP

algorithm. In the OSEM algorithm, 10.0GF yielded the

maximum COV, although the COV did not change

significantly when the size of the GF was changed.

Conditions of 10.0HF and 10.0GF were then applied to

the FBP and OSEM algorithms, respectively, to evaluate

combinations of different S and I values in the OSEM

algorithm. The MBF values of the global myocardium and

of myocardial regions in HV, and of the ischemia region in

CAD patients, were determined (Table 1). The MBFOSEM

that was calculated for the global myocardium of HV using

16S6I, 16S8I, 28S4I, or 28S6I was not significantly different

from the MBFFBP calculated for the same region. In theTa
b
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myocardial regions, differences between MBFFBP and

MBFOSEM, calculated using increasing S and I numbers in

the OSEM algorithm, were not significant. In the CAD

patient group, there were no significant differences

between the value of MBFFBP and the value of MBFOSEM

calculated using any combination of S and I. The

correlation between MBFFBP and MBFOSEM at the global

myocardium in HV and in CAD patients was calculated

(Table 2). In the correlation between MBFFBP and

MBFOSEM, the slope of the regression line was improved

by increasing the S and I numbers of the OSEM algorithm

in HV and in CAD patients. The best correlations were

between MBFFBP and MBFOSEM with 28S6I in HV and

with 28S8I at the ischemia region of the CAD patients.

The mean differences between MBFFBP and MBFOSEM

with 28S6I were – 0.01 ± 0.05 ml/min/g in the HV patients

and 0.00 ± 0.05 ml/min/g in the CAD patients, as assessed

using Bland–Altman analysis (Fig. 2).

kmono calculation

The values of kmonoOSEM that were calculated using 4S2I

or 4S4I, and 10.0GF were significantly different from the

value of kmonoFBP in HV (Table 3). The slope of the

regression line and the square of the correlation

coefficient between kmonoFBP and kmonoOSEM were large,

with the exception of kmonoOSEM with 4S2I and 4S4I

(Table 4). The mean differences between the value of

kmonoFBP and that of kmonoOSEM with 28S6I, which are the

optimal parameters for measurement of MBFOSEM, were

0.000 ± 0.005 in HV and 0.000 ± 0.006 in the CAD

patients, as assessed using Bland–Altman analysis (Fig. 3).

Discussion
The iterative reconstruction algorithm including OSEM

has been improved to provide clear PET images

compared with the FBP algorithm. Although some kinds

of iterative reconstruction algorithms are installed in

clinical PET scanners [31,32], it is difficult for techni-

cians or operators to determine appropriate parameters of

the algorithm in an effort to yield accurate quantitative

PET values. This study evaluated the effects of the

smoothing filter function, and the number of S and I in

the OSEM algorithm, on the measurement of MBF and

kmono values using 11C-acetate PET. The OSEM algo-

rithm is useful for clinical PET studies because this

algorithm improves image quality and reduces streak

artifacts compared with the FBP algorithm [2]. Applica-

tion of a smoothing filter further decreases image noise in

Table 2 Correlation of MBFFBP and MBFOSEM on the global myocardium in HV and CAD patients

Subset 4 16 28

Iteration 2 4 6 8 2 4 6 8 2 4 6 8

HV
Slopea 0.15 0.45 0.46 0.53 0.52 0.69 0.79 0.88 0.66 0.85 0.97 1.02
r2 0.07 0.27 0.42 0.57 0.58 0.86 0.93 0.94 0.87 0.93 0.96 0.96

CAD
Slopea 0.42 0.43 0.53 0.62 0.62 0.83 0.97 0.98 0.78 0.93 0.99 1.02
r2 0.08 0.08 0.14 0.22 0.23 0.59 0.83 0.90 0.48 0.85 0.93 0.95

CAD, coronary artery disease; FBP, filtered back-projection; HV, healthy volunteer; MBF, myocardial blood flow; OSEM, ordered-subset expectation maximization.
aSlope of the regression line between MBFFBP and MBFOSEM.
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(a) Bland–Altman analyses of myocardial blood flow showing the differences between the average filtered back-projection and each parameter of
ordered-subset expectation maximization in healthy volunteers and (b) in coronary artery disease patients. The magnitude of the bias was small
( – 0.01 ml/min/g in the HV and 0.00 ml/min/g in the coronary artery disease patients), with limits of agreement ranging from values of 0.05 ml/min/g.
Means (solid lines) ± 2SD (broken line) are shown.
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PET images. In this study, the effect of the smoothing

filter on MBF calculation was evaluated using early time

frames with a short time duration, because the images in

the frame have considerable image noise. The GF in the

OSEM algorithm was optimized at 10.0 mm FWHM, at

which point the maximum COV of 35–40% was attained.

This maximum was higher than that obtained with the FBP

algorithm after optimization of the HF in the FBP

algorithm (Fig. 1). Therefore, the image quality using

OSEM is greater than that using FBP, which produces

considerable image noise. The MBFFBP using 10.0HF was

0.60 ± 0.14 ml/min/g at the global myocardium in HV. In a

previous study, MBFFBP calculated using a Shepp filter of

Nyquist frequency (0.3 cycles per pixel) was 0.70 ±

0.11 ml/min/g in HV using 11C-acetate [20]. Although this

Shepp filter was not optimized for the measurement of

MBFFBP with 11C-acetate, no significant differences were

observed between the MBFFBP that was calculated using

the Shepp filter and that calculated using the HF. Kudo

et al. [12] showed that the MBFFBP values calculated for
11C-acetate showed an excellent linear correlation with

those calculated for 13N-ammonia using a Patlak plot. In
11C-acetate PET, the values of MBFOSEM were close to

those of MBFFBP at the global myocardium and at each

myocardial region when the number of S and I were

increased, especially in HV (Table 1). The best correlations

were between the value of MBFFBP with 10.0HF and that

of MBFOSEM with 28S6I and 10.0GF at the global

myocardium of HV or that of MBFOSEM with 28S8I and

10.0GF at the ischemia region of the CAD patients

(Table 2). However, the MBFOSEM with 28S8I was

significantly different from the MBFFBP at the global

myocardium in HV because image noise was elevated with

increasing iteration in the OSEM algorithm. As a result, the

COV of 28S8I was slightly smaller than that of 28S6I

(Fig. 1). Thus, high iteration numbers should not be used

in the OSEM algorithm for quantitative PET studies.

There was excellent agreement between the value of

the average MBF of each participant, calculated using

MBFOSEM with 28S6I and 10.0GF, and MBFFBP with

10.0HF in HV and CAD patients (Fig. 2). The short-axis

MBFOSEM images obtained using 28S6I and 10.0GF were

clear compared with MBFFBP images obtained with 10.0HF

(Figs 4 and 5). Therefore, when using 11C-acetate PET,

parameters of 28S6I and 10.0GF should be used for the

measurement of MBFOSEM. The excellent quality of the

MBFOSEM images will improve diagnostic performance in

PET studies. For example, misregistration between trans-

mission attenuation and emission images causes artifactual

abnormalities on cardiac PET images that result in false-

positive defects [33,34]. The severe artifacts are produced

by diaphragmatic displacement, BMI, and heart sizes.

These artifacts can be decreased using the appropriate

parameter of the OSEM algorithm.

The MBFOSEM values were compared with the MBFFBP

values of previous cardiac 15N-ammonia PETstudies [4–6].Ta
b

le
3

k
m

o
n

o
va

lu
e

s
o

f
th

e
g

lo
b

a
l

m
yo

ca
rd

iu
m

a
n

d
m

yo
ca

rd
ia

l
re

g
io

n
in

H
V

a
n

d
C

A
D

p
a

ti
e

n
ts

O
S

E
M

S
ub

se
t

4
1

6
2

8

R
eg

io
n

F
B

P
Ite

ra
tio

n
2

4
6

8
2

4
6

8
2

4
6

8

H
V G

lo
b

al
0

.0
6

3
±

0
.0

1
8

0
.0

5
2

±
0

.0
1

3
*

0
.0

5
9

±
0

.0
1

6
*

0
.0

6
1

±
0

.0
1

6
0

.0
6

2
±

0
.0

1
7

0
.0

6
2

±
0

.0
1

7
0

.0
6

2
±

0
.0

1
8

0
.0

6
2

±
0

.0
1

8
0

.0
6

2
±

0
.0

1
8

0
.0

6
2

±
0

.0
1

8
0

.0
6

2
±

0
.0

1
8

0
.0

6
2

±
0

.0
1

8
0

.0
6

2
±

0
.0

1
8

A
N

T
0

.0
6

4
±

0
.0

1
3

0
.0

5
9

±
0

.0
1

0
*
*

0
.0

6
1

±
0

.0
1

5
*

0
.0

6
3

±
0

.0
1

4
0

.0
6

3
±

0
.0

1
4

0
.0

6
3

±
0

.0
1

4
0

.0
6

3
±

0
.0

1
4

0
.0

6
3

±
0

.0
1

4
0

.0
6

4
±

0
.0

1
3

0
.0

6
3

±
0

.0
1

4
0

.0
6

3
±

0
.0

1
4

0
.0

6
3

±
0

.0
1

4
0

.0
6

3
±

0
.0

1
4

S
E

P
0

.0
6

7
±

0
.0

1
9

0
.0

5
4

±
0

.0
1

3
*
*

0
.0

6
3

±
0

.0
1

7
0

.0
6

6
±

0
.0

1
6

0
.0

6
9

±
0

.0
1

9
0

.0
6

9
±

0
.0

1
9

0
.0

7
0

±
0

.0
2

2
0

.0
7

0
±

0
.0

2
2

0
.0

6
9

±
0

.0
2

2
0

.0
7

0
±

0
.0

2
2

0
.0

6
9

±
0

.0
2

2
0

.0
7

0
±

0
.0

2
1

0
.0

7
0

±
0

.0
2

1
IN

F
0

.0
6

3
±

0
.0

1
7

0
.0

5
0

±
0

.0
0

8
*
*

0
.0

5
4

±
0

.0
1

2
*
*

0
.0

6
0

±
0

.0
1

4
0

.0
6

0
±

0
.0

1
4

0
.0

6
0

±
0

.0
1

4
0

.0
6

0
±

0
.0

1
4

0
.0

6
1

±
0

.0
1

6
0

.0
6

1
±

0
.0

1
6

0
.0

6
0

±
0

.0
1

4
0

.0
6

0
±

0
.0

1
4

0
.0

6
0

±
0

.0
1

6
0

.0
6

4
±

0
.0

1
6

P
O

S
0

.0
6

0
±

0
.0

2
0

0
.0

5
0

±
0

.0
1

5
*
*

0
.0

5
6

±
0

.0
1

6
0

.0
5

9
±

0
.0

1
9

0
.0

5
9

±
0

.0
1

9
0

.0
6

0
±

0
.0

1
9

0
.0

6
1

±
0

.0
2

0
0

.0
6

0
±

0
.0

2
0

0
.0

5
9

±
0

.0
1

7
0

.0
6

1
±

0
.0

1
9

0
.0

6
0

±
0

.0
1

7
0

.0
5

7
±

0
.0

1
9

0
.0

5
7

±
0

.0
1

9
LA

T
0

.0
6

0
±

0
.0

1
7

0
.0

5
3

±
0

.0
1

6
*

0
.0

6
0

±
0

.0
1

9
0

.0
5

9
±

0
.0

1
8

0
.0

5
9

±
0

.0
1

8
0

.0
5

9
±

0
.0

1
8

0
.0

6
0

±
0

.0
1

7
0

.0
5

9
±

0
.0

1
9

0
.0

5
9

±
0

.0
1

8
0

.0
5

9
±

0
.0

1
9

0
.0

5
7

±
0

.0
1

9
0

.0
5

7
±

0
.0

1
9

0
.0

5
9

±
0

.0
1

8
C

A
D Is
ch

em
ia

0
.0

2
7

±
0

.0
1

4
0

.0
3

0
±

0
.0

1
1

0
.0

3
1

±
0

.0
1

2
0

.0
3

0
±

0
.0

1
3

0
.0

2
9

±
0

.0
1

3
0

.0
2

8
±

0
.0

1
3

0
.0

2
7

±
0

.0
1

5
0

.0
2

6
±

0
.0

1
6

0
.0

2
6

±
0

.0
1

6
0

.0
2

8
±

0
.0

1
5

0
.0

2
7

±
0

.0
1

6
0

.0
2

7
±

0
.0

1
6

0
.0

2
7

±
0

.0
1

6

V
al

ue
s

ar
e

m
ea

n
va

lu
es

±
S

D
.

A
N

T,
an

te
rio

r;
C

A
D

,
co

ro
na

ry
ar

te
ry

d
is

ea
se

;
F

B
P
,

fil
te

re
d

b
ac

k-
p

ro
je

ct
io

n;
H

V
,

he
al

th
y

vo
lu

nt
ee

r;
IN

F,
in

fe
rio

r;
LA

T,
la

te
ra

l;
O

S
E

M
,

o
rd

er
ed

-s
ub

se
t

ex
p

ec
ta

tio
n

m
ax

im
iz

at
io

n;
P

O
S

,
p

o
st

er
io

r;
S

E
P
,

se
p

ta
l.

*
P

<
0

.0
1

an
d
*
*
P

<
0

.0
5

co
m

p
ar

ed
w

ith
M

B
F

F
B

P
us

in
g

an
al

ys
is

o
f

va
ria

nc
e

an
d

a
p

o
st

-h
o

c
te

st
.

134 Nuclear Medicine Communications 2012, Vol 33 No 2

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Søndergaard et al. [4] showed the usefulness of OSEM

with 16S6I and 8.0GF compared with FBP and a ramp

filter. However, as they did not perform partial volume

correction in that study, the MBF values calculated using

these parameters of the OSEM algorithm will not be

accurate. Chen et al. [5] assessed the effects of changing

the number of I and the smoothing filter of the OSEM

algorithm on MBF. In their study, the value of MBFOSEM

with 28S8I and 10.0GF correlated best with MBFFBP with

10.0HF. However, the parameters of the OSEM algorithm

were not optimized in that study, because they did not

assess the effect of combinations of S and I numbers.

Hove et al. [6] estimated MBFOSEM values using 28S2I

and 6.0HF, which is the default setting of the equipment.

They reported that this value was underestimated

compared with the value obtained using MBFFBP and

7.0 mm FWHM HF or with the value obtained by Chen

et al. When appropriate parameters (16S4I or 16S6I) of

the OSEM algorithm were applied, the OSEM algorithm

was also shown to be a useful tool in previous cardiac
18F-FDG PET studies for improving image quality [2–4].

Although these reported parameters for the OSEM

algorithm in 15N-ammonia and 18F-FDG studies are not

significantly different from the 28S6I with 10.0GF

parameters, which were appropriate for MBF evaluation

using 11C-acetate PET in our study, none of these

previous studies ever evaluated in detail the effect of

combinations of S and I numbers and different filter sizes

on MBF measurement.

Using 11C-acetate PET, it is possible to easily measure

not only the MBF value [7–12] but also the kmono

values [13–22]. The present study is the first to

investigate the effect of parameters of OSEM algorithms

on the measurement of kmono using a graphical analysis

method of monoexponential curve fitting and data

obtained 8–20 min after 11C-acetate injection [22]. Filter

sizes of 10.0HF and 10.0GF, which are appropriate for the

measurement of MBF, were applied to kmono measure-

ment because smoothing filters had a greater effect

on MBF measurement than on kmono measurement. The

kmonoOSEM values obtained were not significantly differ-

ent from the kmonoFBP values, with the exception of values

obtained using 4S2I and 4S4I in HV (Table 3). The effect

of increasing S and I on the measurement of kmono would

be small. Bland–Altman analysis indicated no difference

between the value of kmonoOSEM obtained using 28S6I and

10.0GF and kmonoFBP with 10.0HF (Fig. 3). The OSEM

algorithm with 28S6I and 10.0GF produced clear

kmonoOSEM images compared with kmonoFBP with 10.0HF

(Figs 4 and 5). Therefore, parameters of 28S6I and

10.0GF in the OSEM algorithm are appropriate for

Table 4 Correlation of kmonoFBP and kmonoOSEM on the global myocardium in HV and CAD patients

Subset 4 16 28

Iteration 2 4 6 8 2 4 6 8 2 4 6 8

HV
Slopea 0.69 0.84 0.90 0.94 0.94 1.00 1.01 0.99 1.00 1.01 1.01 1.01
r2 0.87 0.90 0.96 0.97 0.97 0.98 0.98 0.98 0.97 0.97 0.96 0.95

CAD
Slopea 0.56 0.66 0.75 0.82 0.84 1.00 1.07 1.10 0.99 1.10 1.11 1.08
r2 0.50 0.62 0.75 0.84 0.82 0.96 0.98 0.98 0.95 0.98 0.97 0.95

CAD, coronary artery disease; FBP, filtered back-projection; HV, healthy volunteer; MBF, myocardial blood flow; OSEM, ordered-subset expectation maximization.
aSlope of the regression line between MBFFBP and MBFOSEM.
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(a) (b)

Bland–Altman analyses of kmono showing the differences between the average filtered back-projection and each parameter of ordered-subset
expectation maximization in healthy volunteers (a) and coronary artery disease patients (b). There was no difference between kmonoFBP and
kmonoOSEM. Means (solid lines) ± 2SD (broken line) are shown.
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calculation of the MBFOSEM and kmonoOSEM values in
11C-acetate PET. The reconstruction time using adequate

parameters of the OSEM algorithm was little different

from that with the FBP algorithm due to recent progress in

computer performance. It will be possible to apply these

28S6I with 10.0GF parameters that were appropriate in
11C-acetate PET for the measurement of MBFOSEM

using 15N-ammonia PET because both 11C-acetate and
15N-ammonia can measure the MBF of myocardium.

The appropriate parameters of the OSEM algorithm

defined in this study will be applicable to other 2D-PET

scanners if a radiotracer with a similar level of radio-

activity is injected, because the total counts are generally

determined by injection radioactivity in 2D-PET scan-

ners. The intrinsic spatial resolution of the PET scanner

will not be related to measurement of MBF and kmono

because the sizes of the ROIs that are drawn over the LV

cavity and the myocardial region are larger than the

spatial resolution, and PET counts in the ROI are

sufficient for calculation of the MBF and kmono. However,

the parameters defined in this study could not be applied

to three-dimensional (3D)-PET because, even with the

same injected radioactivity for a 2D-PET and a 3D-PET

scan, the total counts of 3D-PET, including several

scatter counts, will increase compared with those of

2D-PETwith a septa system. In addition, the appropriate

parameters cannot be used in the OSEM algorithm when

the detectable level of radioactive counts increases

significantly on a PET scanner with a new detector and

acquisition technology compared with conventional PET

scanners. We have not attempted to determine the effect

of a loop filter in the OSEM algorithm in the General

Electric Medical System scanner because smoothing

GF strength is an essential factor for the reduction of

image noise in PET images in other scanners. If analysis

of other detailed parameters of the OSEM algorithm are

required, such a study would necessitate a much larger

population of patients as well as evaluation of diagnostic

performance.

Fig. 4

(b)(a)

(d)(c)

Representative short-axis images for the calculation of (a) MBFFBP, (b) MBFOSEM, (c) kmonoFBP, and (d) kmonoOSEM in HV. The MBF values were
calculated based on Patlak-plot analyses using early-phase dynamic images. These images were summed using early-phase dynamic data for the
calculation of MBF and later-phase data obtained 8–20 min after 11C-acetate injection for the calculation of kmono. FBP, filtered back-projection;
MBF, myocardial blood flow; OSEM, ordered-subset expectation maximization.
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Conclusion
Application of the OSEM algorithm to a PET study yields

noiseless, artifact-reduction images and quantitative

PET values when the smoothing filter size and the

numbers of S and I are optimized. Parameters of OSEM

that are adequate for the measurement of MBFOSEM

and kmonoOSEM using 11C-acetate PET are 28S6I with a

10.0GF.
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