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Abstract

Objective This study aimed to compare the qualities of
whole-body positron emission tomography (PET) images
acquired by the step-and-shoot (SS) and continuous bed
motion (CBM) techniques with approximately the same
acquisition duration, through phantom and clinical studies.
Methods A body phantom with 10-37 mm spheres was
filled with '®F-fluorodeoxyglucose (FDG) solution at a
sphere-to-background radioactivity ratio of 4:1 and
acquired by both techniques. Reconstructed images were
evaluated by visual assessment, percentages of contrast
(%Qy) and background variability (%N) in accordance
with the Japanese guideline for oncology FDG-PET/com-
puted tomography (CT). To evaluate the variability of the
standardized uptake value (SUV), the coefficient of varia-
tion (CV) for both maximum SUV and peak SUV was
examined. Both the SUV values were additionally com-
pared with those of standard images acquired for 30 min,
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and their accuracy was evaluated by the %difference
(%Diff). In the clinical study, whole-body '*F-FDG PET/
CT images of 60 patients acquired by both techniques were
compared for liver signal-to-noise ratio (SNRliver), CV at
end planes, and both SUV values.

Results In the phantom study, the visual assessment and
% Qy values of the two techniques did not differ from each
other. However, the %N values of the CBM technique were
significantly higher than those of the SS technique. Addi-
tionally, the CV and %Diff for both SUV values in the
CBM images tended to be slightly higher than those in SS
images. In the clinical study, the SNRliver values of CBM
images were significantly lower than those of SS images,
although the CV at the end planes in CBM images was
significantly lower than those in SS images. In the Bland—
Altman analysis for both SUV values, the mean differences
were close to 0, and most lesions exhibited SUVs within
the limits of agreement.

Conclusions The CBM technique exhibited slightly lesser
uniformity in the center plane than the SS technique.
Additionally, in the phantom study, the CV and %Diff of
SUV values in CBM images tended to be slightly higher
than those of SS images. However, since these differences
were subtle, they might be negligible in clinical settings.

Keywords Positron emission tomography (PET) - Step-
and-shoot (SS) - Continuous bed motion (CBM) - Whole
body - Acquisition duration

Introduction
Positron emission tomography (PET) images are conven-

tionally acquired by the step-and-shoot (SS) technique,
which involves repetitive static acquisition and covers the
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required scan range by overlapping of regions. This over-
lapping might lead to image artifacts and degradation of
axial uniformity due to under-sampling in the axial direc-
tion [1-4]. In this mode, since the scan range cannot be
arbitrarily created because of the variations in individual
bed positions, operators sometimes add a redundant scan
range in the axial field-of-view (FOV) during the protocol
setup. This addition of a redundant range results in
increased total scan time and radiation exposure in com-
puted tomography (CT) protocols matching the axial scan
range of PET [5].

The continuous bed motion (CBM) method has been
implemented as an alternative PET acquisition technique
[1-9]. Similar to spiral CT, the CBM technique involves
continuous movement of the scan table during acquisition
without a stationary state. The total scan times are deter-
mined by the velocity of table motion and scan range in the
axial FOV instead of, as in the SS mode, acquisition time
per bed and number of bed positions. The CBM technique
does not entail additional time for moving the scan
table from one bed to another. Moreover, it allows for a
flexible protocol setup, and operators can arbitrarily select
the exact axial scan range without the necessity of adding
redundant regions. Relative to the SS technique, the CBM
technique produces better uniform axial sensitivity without
loss of the spatial resolution, because an additional acqui-
sition plane is added on both sides of the axial FOV in
order to obtain a uniform profile throughout the scan range;
moreover, owing to the continuous acquisition mode, the
CBM technique does not involve overlapping of regions
[1-3, 6]. This technique, which is used not only for PET/
CT but also for PET/magnetic resonance imaging, has been
reported to be feasible in clinical settings [10, 11].

Previous studies have reported slight differences in image
quality between the SS and CBM techniques. Brasse etal. [4]
reported that the CBM technique provides better hot contrast
than the SS technique, which leads to improved lesion
detectability in clinical studies. Several studies have
demonstrated that the CBM technique provides improved
uniformity of reconstructed images because of its uniform
axial sensitivity profile [1-4, 6-8, 11-13]. Although most
previous studies have reported that the CBM technique
provides slightly better image quality than the SS technique,
one study has demonstrated that the CBM technique pro-
duces slightly higher background variability than the SS
technique in a National Electrical Manufacturers Associa-
tion (NEMA) phantom [14]. Therefore, the differences
between the two techniques are not yet to be clearly estab-
lished. In this study, we performed comparative assessment
of image quality in whole-body images acquired by both
techniques with approximately the same acquisition dura-
tion, through phantom and clinical studies.

Materials and methods
Phantom study
Phantom preparation

The phantom study was performed using a NEMA Inter-
national Electrotechnical Commission body phantom (Data
Spectrum Corp., Hillsborough, NC, USA), which consisted
of a torso cavity, a removable lung insert, and six spheres
with inner diameters of 10, 13, 17, 22, 28, and 37 mm. The
phantom was filled with '®F-fluorodeoxyglucose (FDG)
solution at a sphere-to-background radioactivity ratio of
4:1. The background radioactivity was decided referring to
the Japanese guideline for oncology FDG-PET/CT [15]. At
our institution, '"®F-FDG is injected with radioactivity of
4.4 kBq/g, and SS or CBM techniques were performed at
approximately 60 min after injection (physical decay to
68.5%). Assuming that the percentage of injected
radioactivity excreted in the urine is 20%, and the per-
centage of the adipose tissue is 27% of the total body
volume, the radioactivity at the start of data acquisition is
estimated to be 3.3 kBg/mL (44 kBg/g x 1¢g/
mL x 0.685 x 0.8/0.73 = 3.3). The background radioac-
tivity was, therefore, set to 3.3 kBq/mL. For acquisition of
standard images, background radioactivity was set to
2.65 kBg/mL.

Data acquisition and image reconstruction

All PET/CT images were acquired with the Biograph mCT
Flow 20-4R (Siemens Medical Solutions USA, Inc.,
Knoxville, USA). The PET detector comprised an array of
32,448 lutetium oxyorthosilicate crystals of size
4 x 4 x 20 mm’. The scanner comprised four 842-mm-
diameter detector rings with 48 detector blocks per ring (a
total of 192 blocks), covering an axial FOV of 216 mm and
a transaxial FOV of 700 mm. The coincidence timing
window and time-of-flight (TOF) system timing resolution
were 4.1 ns and 540 ps, respectively.

The phantom was scanned using the CBM and SS
techniques. Image acquisition with the SS technique was
performed with eight bed positions that simulated the
whole-body scan range in clinical settings. Hot spheres
were placed at the center of the axial FOV, which corre-
sponded to the center of the overlapped region between bed
positions 4 and 5. The acquisition time was set to 1.5 min/
bed.

The CBM protocol was designed to match the axial
FOV of the SS technique. The table speed was set to
1.5 mm/s to correspond with the total scan time of the SS
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technique; CBM acquisition times that corresponded with
the scan ranges of bed positions 7, 8 and 9 were 10 min
50s, 12 min 13 s and 13 min 37 s, respectively. The
phantom was firstly scanned by the SS technique, followed
immediately by the CBM technique (SS — CBM). The
order was reversed (CBM — SS) to account for the
radioactivity decay between the two scans. Image acqui-
sition was performed 5 times per order of scanning. To
obtain standard images, the phantom was scanned for
30 min with one bed position, and the process was repeated
5 times.

Images were reconstructed using the 3D ordered subset
expectation maximization (OSEM) and TOF-OSEM
algorithms with iteration-subset combinations of 3-24 and
3-21, respectively. A 5-mm full-width at half-maximum
Gaussian filter was used for reconstruction. Slice thickness
and matrix size were set at 3.0 mm and 200 x 200,
respectively. Attenuation correction was performed using a
20-slice CT scanner. Scatter correction was performed in
the relative mode. The CT images were reconstructed using
the sinogram-affirmed iterative reconstruction algorithm
with the following scanning parameters: tube voltage,
120 kV; quality reference mAs, 40; rotation time, 0.5 s;
pitch, 1.0; slice thickness, 3.0 mm; transaxial FOV,
780 mm; and matrix size, 512 x 512.

Data analysis

Visual analysis was performed using syngo. via VB10B
(Siemens Healthcare GmbH, Erlangen, Germany). The hot
spheres were evaluated by three experts including a certi-
fied PET physician from the Japanese Society of Nuclear
Medicine and two certified PET technologists from the
Japan Board of Nuclear Medicine Technology. Evaluations
were performed using those slices where the spheres were
most prominent. The images were displayed in an inverse
grayscale, with a standardized uptake range of 0—4. The hot
spheres were visually graded as follows: identifiable, 2;
visualized, but similar hot spots were observed elsewhere,
1; and not visualized, 0. Spheres with visual scores >1.5
were adjudged to be detectable. The visual analysis was
performed based on the Japanese guideline [15].

Physical analysis was performed using the PET Quality
Control Tool (PETquact) ver. 2.02.03 (Nihon Medi-Physics
Co., Ltd., Tokyo, Japan) and syngo. via VB10B (Siemens
Healthcare GmbH, Erlangen, Germany). The mean activity
(Ch,j—mm) of six spheres (j) was measured using a region of
interest (ROI) of the same diameter. The background was
measured using 12 ROIs of the same diameter, with six
spheres in the same slice. Further, 12 ROIs were placed in
four additional slices (1 and +2 cm of the upper and
lower sides of the slice, respectively). The average values
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of 60 ROIs (Cggpj—mm) Were calculated, and %contrast
(%0h j—mm) Was calculated using the following formula:

CH.jfmm/CB6(),j7mm -
4—1
Additionally, %background variability (%Nj_mm) was
calculated using the following formula:
SDjfmm

CBGO,j —mm

%QHA,j—mm - ! X 100(%)

PoNj—mm = x 100(%),
where SDj_pn, is the standard deviation (SD) of the
background ROI values for each diameter of spheres.

To evaluate the variability of the standardized uptake
value (SUV), coefficient of variation (CV) for both maxi-
mum SUV (SUV.,) and peak SUV (SUV,..x) were
examined in both SS and CBM images. The SUV ¢, was
measured using a spherical volume of interest of 1-cm?
with a 12-mm diameter positioned so as to maximize the
enclosed average activity. The CV was calculated by the
ratio of SD and SUV value. The %difference (%Diff) of
SUV values between the standard images and SS or CBM
images was calculated as follows:

SUVj_mm - SUVJ —mm,ref
SUVj—mm Jref

%Diff = x 100(%),
where SUV;_n, indicates the SUV values for each sphere
in the SS or CBM images and SUV;_yy e indicates the
SUYV values for each sphere in the standard images.
Considering the statistical fluctuations in PET images,
%Qu, %N, and SUV values in both SS and CBM images
were calculated by the average values of 10 images (five
each of the images acquired in the scan orders of
SS - CBM and CBM — SS), while those in standard
images were calculated as the average values of five
images.

Clinical study
Patients

Whole-body 'SF-FDG PET/CT images of 60 patients
acquired by both techniques were comparatively analyzed
in clinical settings. While 30 patients (male, 12; female, 18;
average age, 67.9 & 12.4 years; average body mass index
(BMI), 23.1 £3.9 kg/mz; average scan start time,
58.0 = 3.4 min) were imaged in the SS — CBM order, the
remaining 30 patients (male, 14; female, 16; average age,
70.3 + 11.1 years; average BMI, 23.0 + 4.1 kg/m?; aver-
age scan start time, 58.0 &= 3.3 min) were imaged in the
CBM — SS order. All subjects were asked to fast for at
least 5h before imaging. '*F-FDG was intravenously
injected with radioactivity of 4.4 MBq/kg (maximum dose,
330 MBq), and PET and CT images were acquired during
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free breathing. The image acquisition and reconstruction
protocols were same with those described in the phantom
study.

This study was approved by the ethics committee of our
institution. Written informed consent was obtained from all
patients.

Data analysis

Regions of interest of 3-cm diameter were placed on three
consecutive coronal slices around the liver section. The
ROIs were carefully placed in a uniform area of the liver,
apart from the porta hepatis, major vessels, and the sub-
phrenic area, at the same positions in both the SS and CBM
images. The mean activity and SD within each ROI was
measured. The liver signal-to-noise ratio (SNRliver) was
defined as follows:

SNRliver — Clver

)
liver

where Cjjyer and SDy;ye, indicate the mean and SD in the
three ROIs.

A total of 36 lesions of 20 patients were quantified
through the SUV,.x. Peak SUV was measured in 19
lesions with the diameters >12 mm, and the average
SUV ax of those lesions was 9.0 for SS images recon-
structed with TOF. These lesions were located in the
salivary glands, thyroid, breast tissue, esophagus, lymph
nodes in the neck and chest, and lower abdomen. They
were selected because of their relatively low chances of
misregistration between CT and PET images due to res-
piration and peristalsis.

For evaluation of image quality at the end planes, one
ROI of 3-cm diameter was placed in the soft tissues of each
leg on a transaxial slice and measured for mean activity
and SD. The CV at end planes was calculated by the ratio
of SD and mean activity.

Statistical analysis

All data are presented as mean + SD. In the phantom
study, significant differences in %Qy and %N between the
two imaging techniques were determined by the Wilcoxon
signed-rank test. In the clinical study, significant differ-
ences in SNRliver, SUV values, and CV at end planes
between the two imaging techniques were determined by
the paired ¢ test. P < 0.05 was considered as indicating
statistical significance. Bland—Altman analysis was used to
assess agreement of SUV values between the two imaging
techniques.

Results
Phantom study

Regardless of the scan technique, the 10-mm sphere was
adjudged to be undetectable upon visual analysis; the
visual scores of SS and CBM images reconstructed without
the TOF algorithm were 0.93 and 0.7, while those of TOF-
reconstructed images were 1.47 and 1.37, respectively. In
contrast, all visual scores assigned to spheres of diameters
>13 mm were 2, which indicated that the spheres were
obviously detected by both scan techniques. Figure 1 pre-
sents representative phantom images acquired by the two
techniques in the scan orders of SS — CBM and
CBM — SS and reconstructed with the TOF algorithm.
Although the SS and CBM images were of nearly com-
parable quality, the CBM images exhibited slightly higher
background noises, especially in images acquired in the
scan order of SS — CBM (Fig. 1b).

Table 1 presents %Qy values of both sets of images.
Because the 10-mm sphere was adjudged to be unde-
tectable, the corresponding values were considered as the
reference values. There were no significant differences in
9% (Qy values of any of the spheres between the two imaging
techniques.

Table 2 presents the %N values of both sets of images.
These values of CBM images tended to be higher than
those of SS images, with the difference being significant
depending on the size of ROI (p < 0.05).

Tables 3 and 4 present the CV and %Diff values of
SUVax and SUV pe,y, respectively. The average CV and
%Diff for both SUV values in the CBM images tended to
be slightly higher than those of SS images.

Clinical study

Figure 2 presents representative images of clinical patients
exhibiting the average SNRliver values. Overall, visual
analysis revealed slightly higher noises in coronal CBM
images than in SS images.

Table 5 presents the values of SNRliver, SUV, and CV
at end planes. The SNRliver values of SS images were
significantly higher than those of CBM images (p < 0.01).
While there was no significant difference in SUV .
between the two techniques, they exhibited significant
differences in terms of SUV . (p < 0.05). The CV at the
end planes in CBM images were significantly lower than
those in SS images (p < 0.01).

Figure 3 presents the results of Bland—Altman analysis
for SUVyax and SUV,e.. In the images reconstructed
without TOF, the limits of agreement for SUV,,,, and
SUV,ca ranged from —1.55 to 2.07 (mean 0.26) and —0.96
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Fig. 1 Representative SS (a, d) and CBM (b, ¢) images of the while those in the lower row were acquired in the CBM — SS order.
phantom. Images were reconstructed using the TOF algorithm. SS§ step-and-shoot, CBM continuous bed motion
Images in the upper row were acquired in the SS — CBM order,

SS

Table 1 %Qy values of the SS

and CBM images Sphere diameter (mm) Reconstruction algorithm

OSEM TOF-OSEM

Imaging technique

SS CBM p value SS CBM p value
%oQn %0 0un

10 (206 £42) (21.5+£54) ns. (233 +14) (246 +33) ns.

13 432+ 45 418 +£24 43746  41.6 £39

17 551+ 14 546+74 55.6 £2.1 55.7+ 6.0

22 639 £ 35 65.1+£53 66.3 £ 4.1 67.0 £23

28 715 £3.6  71.0+3.0 733 £25 72.1 £3.6

37 819 +£22 824 +33 83.0+19 83.1+14

Since the 10-mm sphere was adjudged to be undetectable on visual analysis, its %Qy values were con-
sidered as the reference values

to 1.75 (mean 0.39), respectively. In the images recon-  the limits of agreement by +1.96 SD were scanned in the
structed with TOF, the limits of agreement for SUV,,,, and  CBM — SS order. In contrast, the lesions that exhibited
SUV ek ranged from —1.27 to 1.66 (mean 0.20) and —0.89 SUV ax values lower than the limits of agreement by —1.96
to 1.55 (mean 0.33), respectively. The lesions that exceeded =~ SD were scanned in the SS — CBM order.
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Table 2 %N values of the SS . - -
and CBM images Sphere diameter (mm) Reconstruction algorithm
OSEM TOF-OSEM
Imaging technique
SS CBM p value SS CBM p value
%N %N
10 9.0+ 0.6 99 + 1.0 <0.05 7.6 £0.5 8.6 £0.6 <0.01
13 83 £0.5 9.0 £ 1.0 <0.05 69 £ 0.4 7.8 £ 0.6 <0.01
17 6.8 + 04 73£09 n.s. 55+£04 6.4+ 0.6 <0.01
22 53+04 57 +£0.7 n.s. 43+ 04 50+ 04 <0.05
28 42+ 04 46 £0.5 n.s. 3.6 £ 04 40+£03 <0.05
37 33+03 38 +03 <0.05 3.0+ 04 32+03 n.s.
Table 3 CV and %Diff values - - -
of SUV,._ in the SS and CBM Sphere diameter (mm)  Reconstruction algorithm
images OSEM TOF-OSEM
Imaging technique
SS CBM SS CBM
CV (%) %Diff CV (%) %Diff CV (%) %Diff CV (%) %Ditf
10 9.8) (3.8) (11.3) ©.1) (8.6) (4.0) (7.4) (12.0)
13 7.5 39 7.3 6.2 7.6 1.6 5.8 4.7
17 4.6 13.0 11.6 9.9 6.2 7.4 10.3 9.9
22 52 11.0 5.8 13.7 7.0 15.2 4.9 16.9
28 3.8 17.2 5.5 20.4 4.8 14.7 6.4 19.8
37 39 19.9 4.8 253 3.6 14.8 4.2 22.5
Average 5.0 13.0 7.0 15.1 5.8 10.8 6.3 14.8

Table 4 CV and %Diff values
of SUV,cqk in the SS and CBM
images

Since the 10-mm sphere was adjudged to be undetectable on visual analysis, its CV and %Diff values were
considered as the reference values

Sphere diameter (mm)

Reconstruction algorithm

OSEM TOF-OSEM

Imaging technique

SS CBM SS CBM

CV (%) %Diff CV (%) %Diff CV (%) %Diff CV (%) %Diff
10 - - - - - - - -
13 6.1 1.8 5.5 1.9 44 0.4 3.7 0.0
17 4.0 4.7 8.0 4.5 4.1 1.3 6.1 3.4
22 3.8 —0.1 53 0.8 25 3.0 35 3.0
28 3.0 3.6 3.1 3.1 32 33 32 43
37 1.8 72 34 8.6 1.8 53 2.5 72
Average 3.8 35 5.1 3.7 32 2.7 3.8 3.6
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CBM

Fig. 2 Representative SS (a, d) and CBM (b, ¢) images of clinical
patients. Images were reconstructed using the TOF algorithm. Images
in the wupper row were acquired in the SS — CBM order. The
SNRIiver values of the SS (a) and CBM (b) images were 9.6 and 8.4,

Discussion
We investigated the differences in the quality of phantom
and clinical images acquired using the SS and CBM

techniques with approximately the same acquisition
duration.
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respectively. Images in the lower row were acquired in the
CBM — SS order. The SNRIliver values of the CBM (c¢) and SS
(d) images were 8.2 and 9.6, respectively. SS step-and-shoot, CBM
continuous bed motion, SNRliver liver signal-to-noise ratio

In the phantom study, there were no significant differ-
ences in %Qy values of any of the spheres between the two
imaging techniques, which corresponded to the findings of
a previous study [14]. The present %Qy values were,
however, lower than those reported in a previous study

[14], because of the differences in reconstruction
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Table 5 SNRliver, SUV, and
CV at end planes in the SS and

Reconstruction algorithm

CBM images of the clinical OSEM TOF-OSEM
patients
Imaging technique
SS CBM p value SS CBM p value
SNRliver 93+ 1.7 85+ 1.7 <0.01 9.6 +£ 1.7 87+ 1.6 <0.01
SUVmax 6.5+ 4.8 6.2 +45 n.s. 6.5+ 4.7 63+ 44 n.s.
SUVpeak 69 + 4.6 6.5+ 42 <0.05 69 + 4.6 6.5 £ 4.1 <0.05
CV at end planes  99.6 £ 254  58.1 £ 147 <0.01 982 £257 548+ 121 <0.01
3 OSEM 3 OSEM
a 2.07 s
* = 1.75
2. . 5 -
Q <* ~
b 3 ¢
S, | @ ¢ * o1 *
£ ., 0.26 3 Lo 039
=) _‘_‘QA * i a L€
7] % 0
| 0 %" o Lo $* o 15 20 25 30
__ 0 * b4 10 15 20 25 30 a P 096
7 . »n * :
2 * <
>t ¢ * o0 E
:E‘f ~ 1.55 a
v
-2 %—2
= 7
7]

(SUVmax (SS) + SUVmax (CBM))/2

3 TOF-OSEM

[N}
o
o)

H
L 4

0.20

&
.

0 9 %o ’010 15 20 25 30

._.
L 4

-1.27

SUVmax (SS) —SUVmax (CBM)
N

(SUVmax (SS) + SUVmax (CBM))/2

(SUVpeak (SS) + SUVpeak (CBM))/2

3 TOF-OSEM
s
/M 2 *
g 1.55
E .
o1

*

D et
s
Lo 66 0 15 20 25 30
%_1 ¢ -0.89
X
<
D
o
>0
5
w2

'
w

(SUVpeak (SS) + SUVpeak (CBM))/2

Fig. 3 Bland-Altman analysis for SUV ..« (left) and SUV ., (right). These lesions were reconstructed without (fop) and with TOF (bottom)

parameters, especially a point spread function technique
which produces inaccurate quantitative values due to the
Gibbs artifact was not used in this study, although the
technique improves lesion detectability [16, 17].
However, the %N values of the CBM technique were
significantly higher than those of the SS technique, which
corresponded with the findings of a previous study [14]. In
the clinical study, the SNRliver values of CBM images were
significantly lower than those of SS images. These results
indicate that the image uniformity of the SS technique is
better than that of the CBM technique. The relatively low

uniformity observed in CBM image is possibly
attributable to the following reasons. First, in the PET/CT
scanner used in this study, the CBM technique requires 50%
overscan to obtain a uniform profile for the entire scan
length and ensure equivalent image quality as that obtained
in the SS mode [9]. This overscan leads to improved image
quality at the end planes in the axial FOV, as demonstrated
in the clinical study; however, some of the overscan data are
discarded, and therefore, do not contribute to the quality of
reconstructed images. The CBM technique requires a
redundant scan range over the SS technique, which causes
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its image uniformity at the center plane to be lower than that
of the SS technique, despite the acquisition duration and
scan range being the same. Second, in this study, the
phantom was imaged with overlapping regions, including
low-sensitivity areas in the axial FOV. The scanner has an
overlap region of 43%, which is adequate for obtaining SS
images of appropriate quality. If the phantom had been
scanned with the center of the detector having access to the
most sensitive area, the resultant SS images would have
exhibited better % Qy and %N values. Third, in the SS mode,
the table remains the stationary during image acquisition. In
contrast, the table is moved continuously during imaging in
the CBM mode, which might lead to a slight axial blurring
[9]. Fourth, CBM data are large-sized 3D volumetric data
covering the entire axial scan range. Consequently, they are
divided into sub-volumes for image reconstruction as SS
data [8, 9], which could result in additional noise included in
the images. In addition, the challenges of the normalization
technique, random smoothing, and/or Fourier rebinning
process might result in increased noise, as mentioned by a
previous report [14].

The %N value is important for the detection of hot
sphere detectability [15]. Although the relatively high
%N had no influence on the visual scores of the hot spheres
in this study, further investigation is required to determine
whether the decrease in uniformity in CBM images influ-
ences the findings of visual assessment in clinical settings,
especially in case of small lesions surrounded by high-
radioactivity areas such as liver tissues.

With respect to SUV values, the CV and %Diff of SUV
values in CBM images tended to be slightly higher than those
of SS images. However, there was no significant difference in
SUVnax between the two techniques in the clinical study, as
reported in previous studies [12, 13]. Since those differences
were subtle, they might be negligible in clinical settings.
Nevertheless, the CBM and SS methods differed significantly
in terms of SUV,,c.x. We considered the possibility that the
statistical difference was accidentally caused by the differ-
ences in uptake time depending on the scan order because
most of the lesions (13 of 19) that were quantified by SUV peax
were acquired by the CBM — SS order. The SUV ., of SS
images were, therefore, significantly higher than that of CBM
images. However, in Bland-Altman analysis, the mean
SUV ..k differences were close to 0, and the values of almost
all the lesions were within the limits of agreement, although
the limits of agreement depends on the variability of mea-
surements, which implied that the SS and CBM techniques
provided comparable values of SUV . This result demon-
strates not only the reliability of the CBM technique for
quantitative analyses but also its feasibility in terms of
repeatability, reproducibility, and SUV harmonization for
clinical management of patients and multicenter studies with
different PET/CT scanners [18, 19]. Recent studies have
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proposed quantitative methods for assessment of intratumoral
heterogeneity, such as texture and fractal analyses [20, 21].
Future studies need to investigate whether the SS and CBM
techniques produce comparable results in such analyses.

The 10-mm sphere in the phantom was undetectable by
either technique, and the SNRliver values did not achieve
the recommended values (>10) of the Japanese guideline
[15]. In this study, the acquisition times for both techniques
were relatively short in consideration of the patient burden
and body motion. However, longer acquisition times are
desirable for clinical application.

Despite the acquisition times being the same, the CBM
technique exhibited slightly lesser uniformity in the center
plane than the SS technique. Nevertheless, the CBM
technique offers great advantages in terms of flexible
acquisition planning and patient comfort during imaging.
The flexibility of acquisition enables the selection of the
optimal scan ranges at the beginning and end planes and
the configuration of multiple areas with desired bed speed,
depending on the organ and disease. The complex imaging
protocol enables easy acquisition of high-resolution and
gated images. These advantages translate into reduced scan
time, patient motion, and radiation exposure during CT [5].
With respect to patient comfort, the CBM technique is
preferred over the SS technique because of being less
abrupt in motion, more silent, and more relaxing [13].
Since the CBM and SS methods both have several
advantages and disadvantages, selection of the optimal
scan technique must be made carefully.

There are some limitations in this study. Although the
present study employed a single table speed, the differ-
ences in image quality between the two techniques might
be influenced by the table speed [12]. These differences
might be influenced by the scan range as well [22].

Conclusions

The CBM technique exhibited slightly lesser uniformity in
the center plane than the SS technique. Additionally, in the
phantom study, the CV and %Diff of SUV values in CBM
images tended to be slightly higher than those of SS ima-
ges. However, since these differences were subtle, they
might be negligible in clinical settings.
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