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Abstract This synopsis outlines the Japanese guideline
Version 1.0 for the data acquisition protocol of oncology
FDG-PET/CT scans that was created by a joint task force
of the Japanese Society of Nuclear Medicine Technology
(JSNMT) and the Japanese Council of PET Imaging, and
published in Kakuigaku-Gijutsu 29(2):195-235, 2009, in
Japanese. The guideline aims at standardizing the PET
image quality among facilities and different PET/CT
scanner models by determining and/or evaluating the data
acquisition condition in experiments using an IEC body
phantom, as well as by proposing the criteria for human
image quality evaluation using patient noise equivalent
count (NEC), NEC density, and liver signal-to-noise ratio.
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Objective

The objective of this guideline is to define the criteria
for the data acquisition protocol of oncology '*F-FDG-
PET/CT scans to standardize the PET image quality among
facilities and different PET/CT scanner models. It
describes the method for phantom experiments and human
image quality evaluation, and provides recommended val-
ues as a reference. The optimum imaging protocol for each
camera model can be determined by using this guideline as
a manual and by comparing the results with the recom-
mended values.

Need for the guideline

The quality of FDG-PET images acquired with PET cam-
eras (either dedicated PET or PET/CT units) depends on
the camera model, injected activity, scanning duration, and
other details of the data acquisition protocol. It also
depends on body size, and larger subjects generally give
poorer image quality with the same injected activity per
weight. An optimum data acquisition protocol has not
necessarily been established for each camera model. On the
other hand, radiation safety regulations and operational
limitations may prevent injecting sufficient activity and/or
scanning for a sufficient duration in the clinical setup.
The diagnostic accuracy reported by a PET center may
not be applicable to other centers that use other camera
models with different data acquisition protocols and may
therefore provide a different image quality. Unless image
quality is universally controlled by standardization of the
scanning protocol, the FDG-PET scan will not be validated
as a reliable diagnostic tool. Multicenter studies and clin-
ical trials are not possible if the image quality depends on
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the site. When FDG-PET is used as an end point in clinical
trials of new anticancer drugs, in which efficacy of the
treatment is evaluated based on the disappearance or
decline of FDG uptake by lesions, it is essential to assure a
certain level of image quality.

There is, therefore, a growing need for a method to
determine a data acquisition protocol that provides ade-
quate image quality of a given camera model, as well as
standards of image quality evaluation applicable to human
FDG-PET images acquired with any camera models.

Contents of and instructions concerning the guideline
Phantom experiments

Phantom experiment no. 1 of this guideline allows
determination of the minimum scanning duration to
detect a 10-mm diameter hot sphere with 1:4 background
activity, simulating a subject of standard size injected
with 3.7 (or 7.4) MBg/kg FDG and imaged at 1 h post-
injection. In phantom experiment no. 2, hot spheres of
various sizes with 1:4 background activity are imaged in a
given data acquisition protocol for the evaluation of
visualization, as well as under noise-free conditions to
estimate image resolution based on the recovery coeffi-
cient (RC).

The reconstruction condition, which affects image
quality and spatial resolution, may be predetermined by the
users or the manufacturer, but can also be determined with
phantom experiments.

Since the detection of a 10-mm hot sphere with 1:4
background activity is a challenging goal, a routine data
acquisition protocol may be determined apart from the
phantom experiments considering the clinical requirements
and operational limitations of the PET center. It should also
be kept in mind that phantom experiments use a body
phantom of a specific size, and the results do not provide
direct evidence for thicker or thinner subjects.

Human image quality evaluation

The clinical part of the guideline defines physical param-
eters (NECpagient: NECgensity» and liver SNR) and proposes
their recommended values as an easy and objective refer-
ence for the image quality of human whole-body FDG-
PET. These three parameters are used in this guideline,
because they are believed to be good indicators of image
quality [1]. These reference values, however, may depend
on the PET camera model and the body size of the subject
to some extent. The human image quality is also influenced
by subject factors including blood glucose level, resting
conditions, and body motion. Therefore, human images
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should finally be checked visually by a physician or
technologist.

Coverage of PET scanner types and acquisition modes

Although this guideline is designed to apply to a PET/CT
scanner in 3D data acquisition mode, which is the norm for
oncology scans these days, it can be applied to a dedicated
PET scanner as well as to a scanner operated in 2D data
acquisition mode. A scanner with continuous bed move-
ment for a simultaneous emission and transmission scan is
also evaluable with this guideline.

Since the phantom experiment defined in this guideline
requires list mode acquisition, an alternative method is
described for a scanner that does not provide the list mode
acquisition. This guideline also requires measurement of
prompt and random count rates, for which consultation
with the manufacturer may be necessary.

Procedure and evaluation criteria of phantom
experiments

This section describes two experiments using '*F-solution
and an IEC body phantom (image quality phantom) refer-
red to in the NEMA NU-2 2007 Standard [2]. Another
phantom (scatter phantom of the NEMA NU-2 2007
Standard) may be placed adjacent to the body phantom to
account for the activity outside the field of view, which is
preferable but not essential in this guideline.

If little information of the PET scanner is available as in
the case of a new scanner model/version, or in case a new
reconstruction parameter is applied, phantom experiment
no. 1 has to be carried out first to obtain optimum data
acquisition conditions followed by phantom experiment no.
2. If a data acquisition protocol is already in use, phantom
experiment no. 1 may be skipped and image quality can
be confirmed by phantom experiment no. 2 under that
protocol.

Phantom experiment no.1
Outline

Since lesion detectability in a PET image and overall
image quality depend on the count statistics, phantom
experiment no.l determines an appropriate scanning
duration that enables visualization of a 10-mm diameter hot
sphere of unknown localization embedded in a warm
background of 4:1 activity concentration ratio. The lid, to
which the sphere is attached, is screwed on at an arbitrary
angle so that only the person who has prepared the



Ann Nucl Med (2010) 24:325-334

327

phantom knows the localization of the 10-mm sphere. Data
are acquired by list mode, from which PET images of
1-10 min data acquisition duration are reconstructed and
evaluated for detectability of the hot sphere.

Data acquisition

Phantom preparation Measure the background volume of
the phantom beforehand. Using a regularly checked dose
calibrator and taking decay into consideration, prepare
"E_.FDG with sufficient activity to make the background
concentration of 5.3 kBg/ml at the start of data acquisition.
Fill exactly one-fourth of the background volume with tap
water, add the entire '®F-FDG that was precisely measured
for the activity and stir to make a hot solution. Draw an
aliquot and place it in the 10-mm sphere. If phantom
experiment no. 2 has to follow, draw another 60 ml of the
solution for later use. Fill up the phantom background with
tap water and stir to make a warm solution. Fill the other
five spheres with the warm background solution.

Scanning Place the body phantom horizontally on the
bed, so that the hot spheres are localized at the center of the
field of view in the z-axis. Start acquiring two sets of data
in list mode, each for 12 min, exactly when the background
activity concentration has decayed to 5.30 and 2.65 kBg/
ml, respectively. Record prompt and random coincidence
counts at the same time. Reconstruct PET images of 1, 2, 3,
...10 min data acquisition duration, three sets for each
duration, by summing the data starting at 0, 1, 2 min and
lasting for 1, 2, 3,..., 10 min. Use image reconstruction
parameters that are routinely used or recommended for the
camera model.

If list mode acquisition is not available for the PET
camera, carry out static scans sequentially, each for 1 min
or with a preset count mode if the gaps between scans cause
significant decay, and add the raw data to make 1-10 min of
scanning duration. If raw data cannot be added, carry out ten
static scans with a duration of 1, 2, 3,..., 10 min, respec-
tively, and repeat the experiment for a total of three times on
three separate days. For a PET camera with continuous bed
movement for a simultaneous emission and transmission
scan, carry out the list mode data acquisition in the sta-
tionary mode and evaluate the data as described here, but
convert the resulting optimum scanning duration into the
corresponding bed speed when it is put into practice.

Evaluation

PET image quality is evaluated for each acquisition dura-
tion with (1) visual score, (2) phantom noise equivalent
count (NECppantom), (3) % contrast (Qu,10 mm)> and (4) %
background variability (Nyo mm)-

The PET images are visually evaluated regarding the
detectability of the 10-mm diameter hot sphere in a three-
step (0, 1, 2) scale by one or more licensed PET physicians,
who do not know the hot sphere localization or the slice on
which it is to be visualized. The images are displayed using
an inverse gray scale with an upper level of SUV = 4,
which equals the activity concentration of the hot sphere,
and a lower level of SUV = 0. The image is scored 2 if the
hot sphere is “identifiable”, 1 if it is “visualized, but
similar hot spots are observed elsewhere”, and O if it is
“not visualized”. The score is averaged for three image
sets and for the physicians at each acquisition duration
time.

NEC,hantoms OH,10 mm»> and Njg mm are computed based
on the NEMA standards (see “Appendix”).

Recommendations

This guideline recommends the scanning duration that
provides an image with an average score of 1.5 or more,
i.e., the 10-mm hot sphere is detected in half or more of the
cases. The physical indicators may be used as a reference
when determining the optimum scanning duration; the
reference values are NECjhanom > 10.4  (Mcounts),
Nio mm < 6.2 (%), and Ox.10 mm/N10 mm > 1.9 (%).

Phantom experiment no.2
Outline

In phantom experiment no. 2, hot spheres of various sizes
are imaged with a given clinical data acquisition protocol
to evaluate their visualization and are also imaged in a
noise-free condition to estimate image resolution based on
the recovery coefficient (RC). Phantom experiment no. 2
can either be carried out following no.1 or separately. In
the former case, the scanning duration should be adjusted
to account for radioactivity decay.

Data acquisition

Phantom preparation A body phantom is prepared in the
same way as in phantom experiment no. 1, except that all six
(10, 13, 17, 22, 28 and 37-mm diameter) hot spheres are
filled with hot solution. The background is filled with 1:4
warm activity concentration as in phantom experiment no. 1.

Scanning The phantom is scanned twice; namely, in the
given clinical condition and in a noise-free condition.

In the given clinical condition, the scanning duration is
determined so that equivalent counts are obtained assuming
that the phantom simulates a 60-kg subject injected with
222 MBq (3.7 MBg/kg) FDG. If a 60-kg subject is injected
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more (or less) activity than 222 MBq in the given protocol,
the scanning duration is accordingly shortened (or elon-
gated) inverse-proportionally. The scan starts when the
activity concentration decays to the following value. If
experiment no. 2 is done alone, the emission scan starts
when the activity concentration decays to 2.65 kBg/ml. If
experiment no. 2 is done following no.1, the emission scan
starts when the activity concentration decays to 1.325 kBgq/
ml, taking twice the scanning duration. When setting up the
scan, input the phantom volume as “patient weight (kg),”
together with the activity and injected time.

After the static scan of the clinical condition, a second
scan of 30-min duration is carried out as a noise-free
condition to measure the recovery coefficient.

With all those scans, an acquisition method should be
selected that enables the recording of prompt and random
coincidence counts in a readable format in the sinogram
header or in a separate file. The image reconstruction
parameters used in the usual clinical diagnostic scans
should be applied to the phantom experiments.

Evaluation

The quality of PET image acquired in the clinical condition
is evaluated by (1) visual inspection, (2) phantom noise
equivalent count (NEC,pinom)> and (3) % contrast
(Ou.10 mm) and (4) % background variability (N1¢ mm) for a
10-mm diameter sphere.

The recovery coefficient for a j-mm diameter hot sphere
(RCj) is calculated as the maximum pixel value (Cj) in the
region of interest (ROI) on the reconstructed image
acquired in a noise-free condition divided by that of the
37-mm diameter sphere: RCj = Cj/Cj.

Recommendations

It is preferable that the image acquired under clinical
conditions provides visualization of the 10-mm diameter
sphere and the physical indicators of NECppaniom > 10.4
(Mcounts), N1g mm < 6.2 (%), and Oy 10 mm/N10 mm > 1.9
(%).

A reconstruction condition that provides spatial resolu-
tion of 10-mm FWHM or better (RCig mm > 0.38) is
recommended.

Evaluation of human PET image quality
Objective
This section describes the clinical part of the guideline, in

which physical indicators of image quality of human
whole-body FDG-PET are defined, including NEC,,ent
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(noise equivalent count per axial length), NECyepnsiy (NEC
per volume), and liver SNR (mean/SD within liver ROI),
together with their reference values as recommended
criteria.

While it is preferable that human images are acquired
under conditions that meet the recommended criteria of
phantom experiment no. 2, especially that for image reso-
lution (RCjp mm > 0.38), this guideline recommends cri-
teria for the physical parameters that are directly measured
on the human images, considering the inherent limitations
of the phantom experiments such as body size variations.

Method

The criteria are applicable to whole-body FDG-PET ima-
ges covering at least from the neck to the abdomen. The
images should be acquired while recording the prompt and
random coincidence counts in each bed position. The
transmission or CT images should also be generated
together with PET images to compute cross-sectional areas.

For the whole-body image, bed positions corresponding
to the axial span from the neck to the abdomen are deter-
mined by excluding the brain and urinary bladder. The
prompt and random counts are extracted for each bed
position, from which NECp,iene and NECgengiry area are
computed (see “Appendix”). The liver SNR is computed
as mean/SD within the liver ROI that is placed separately
from the porta hepatis and major vessels in three consec-
utive coronary sections (Fig. 1).

Recommendations

This guideline recommends that the physical parameters
meet the criteria of NECpen: > 13 Mcounts/m,
NECgensity > 0.2 kcounts/cm®, and liver SNR > 10.

Since these reference values may strictly depend on the
camera model, they may be subjected to future modifica-
tions and revisions. It may also be inappropriate to use the

Avoid porta h

-w

Fig. 1 How to place ROI over the liver
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criteria if FDG distribution is far from normal, such as
those with lesions showing extremely strong FDG
accumulation.

Discussion
Dependence on camera model

This guideline aims to establish a standard to assure image
quality independent of the camera model. Standards of
NlO mm < 62, QlO mm/NIO mm > 1.9,and NECpha.ntom > 104
have been proposed for the phantom image quality
parameters based on the results of phantom experiment
no.1 for a number of camera models regarding detection of
a 10-mm hot sphere of unknown localization with 1:4
background activity. The image spatial resolution should
be better than 10-mm FWHM corresponding to RC > 0.38
for the 10-mm sphere in phantom experiment no.2. As for
human images, image quality parameters of NEC,agen; >
13, NECygepsity > 0.2, and liver SNR > 10 have tentatively
been proposed as the minimum standards based on the
clinical data at a number of PET centers. Although these
standards may depend on the camera model, our results
suggest that it may be roughly applicable to all camera
models.

Computation of NEC needs scatter fraction, which was
obtained from the literature or measured under the conditions
defined in the NEMA standard and was not measured con-
currently in each phantom experiment or human scan in the
present study. Therefore, the scatter fraction value may have
an error, which may be one of the reasons for camera depen-
dence of the relationship between NEC and visual score.

Scatter fraction

The scatter fraction of a PET camera depends on the
camera model, acquisition mode, body size, activity out-
side the field of view [3], etc. In general, the scatter fraction
measured with a scatter phantom based on NEMA standard
may provide a lower value than clinical scans, because it
increases as the subject size increases [4]. Moreover, the
scatter fraction is related to the energy lower level dis-
criminator (ELLD) and is reported to be higher than 40% if
ELLD is set below 400 keV [5, 6]. In addition, the scatter
fraction is influenced by the radioactivity concentration if
the PET camera detector contains lutetium (176Lu), and the
data are acquired in the 3D mode [7]. Therefore, the scatter
fraction varies widely with body size and activity inside or
outside the direct field of view. However, since the real-
time measurement of the scatter fraction is impossible with
clinical scans, this guideline instructs using the scatter
fraction values based on NEMA NU 2-2007 as an intrinsic

value for each camera model. Therefore, there is a possi-
bility of errors in the actual scatter fraction for each human
scan.

Relationship between phantom results and human
scanning conditions

In many PET centers in Japan, patients are injected with
3.7 MBg/kg FDG and are scanned starting 60 min post-
injection. Suppose that the target region is scanned at
68 min post-injection (physical decay to 65%). Assuming
that 20% of injected FDG is excreted in the urine [8], and
that the remaining FDG is distributed uniformly within the
body except the adipose tissue, which constitutes 27% of
the total body volume [9], the soft tissue activity concen-
tration is estimated to be 3.7 MBq/kg x 1 kg/l x
0.65 x 0.8/0.73 = 2.64 MBq/l, which is comparable to the
background activity concentration in the phantom experi-
ment (2.65 kBg/ml) (specific gravity = 1). The soft tissue
SUV value is then 0.8/0.73 = 1.1, which is compatible
with the SUV value in the mediastinum or abdomen
observed in routine clinical experience. The cross-sectional
area of the body phantom (550 cm?) corresponds to that of
a standard Japanese with a body weight of 60 kg. There-
fore, the body phantom at an activity concentration of
2.65 kBg/ml corresponds to a standard Japanese subject of
60 kg, injected with 3.7 MBg/kg FDG and scanned starting
60 min p.i. Phantom experiment no.l corresponds to
determining the minimum scanning duration to detect a
10-mm hot lesion with 4 times the background activity
concentration in such a subject.

The results of the present study indicated that scanning
for 3—4 min or longer is necessary for most camera models
to visualize a 10-mm sphere in phantom experiment no. 1.
This is longer than 2-3 min, which is usually adopted for a
standard size subject in Japan. This suggests that a 10-mm
lesion with 1:4 background activity may not be visualized
in routine clinical scans. As a matter of fact, considering
that the image activity of a 10-mm hot lesion with 4 times
the background is decreased to SUV = 1.7 by the partial
volume effect, it seems difficult to detect a 10-mm lesion of
SUV = 1.7 of unknown localization in a routine clinical
situation. It may be detectable with the aid of a CT using a
PET/CT unit.

Body size and current data acquisition protocol

More activity was injected in heavier subjects in the routine
clinical setup of all the PET centers surveyed in this study,
and some centers further increased the scanning duration in
subjects with high body weight or BMI (= weight(kg)/
height(m)/height(m)). However, the results of the present
study indicated a trend of image quality degradation as the
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body weight or BMI increased, suggesting that, in general,
the current routine protocol adjustment for increased body
size is not sufficient. It is advisable to inject more activity
or (because injecting more activity may not work due to the
increased random rate) to increase scanning duration in
large-size subjects to acquire equivalent image quality as in
small-size subjects.

Supporting data

This section presents phantom and human data on a num-
ber of PET camera models acquired and/or evaluated based
on this guideline, from which the recommended reference
values have been derived.

Phantom experiment no. 1
Method

Phantom experiment no. 1 was carried out according to this
guideline on seven PET camera models (Aquiduo, Bio-
graph LSO, Discovery ST, Discovery STE, Discovery
STEP, SET-3000 BCT/L, SET-3000 G/X) to determine the
optimum scanning duration and to investigate the validity
of the physical parameters as indicators of the 10-mm hot
sphere visualization. The reconstruction condition, which
is routinely used in the PET center that housed the PET
camera, was also used for this experiment. The PET images
were visually evaluated by nine physicians and technolo-
gists for visualization scores using “Fusion Viewer 2.0”
(NMP) software.

Results and discussion

Figure 2 represent the relationship between the average
score of visualization for the 10-mm diameter hot sphere
and the scanning duration. As the scanning duration
increased, the visualization of each PET camera model
improved, although the optimum duration depended on the
model.

Figure 3 represents the relationship between the aver-
age score of visualization for the 10-mm diameter hot
sphere and the physical parameters. The NECpinioms
Nio mm> and Q.10 mm/N1o mm Were similarly related to
the visual score regardless of the camera model, sug-
gesting the validity of those parameters as indicators of
the hot sphere detectability. On the other hand, Oy 10 mm
was poorly associated with the visual score. It should be
noted that Nyg mm and QOp 1o mm are affected by the
reconstruction condition, while NECppaptom 1 not, and
that the reconstruction condition was pre-determined in
the present experiments.
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Fig. 2 Relationship between scanning duration and visualization
score of a 10-mm sphere in phantom experiment no. 1 (a 5.30 kBq/
ml, b 2.65 kBq/ml). Symbols represent camera models

The median value of the 7 camera models that provided
the average visual score of 1.5 in this experiment was
adopted as the recommended reference value for the three
physical parameters, i.e., NECppanom > 10.4 M counts
(95% confidence interval 7.7-18.3), Nig mm < 6.2 (95%
confidence interval 4.8-6.9) , and Oy 10 mm/N10 mm > 1.9
(95% confidence interval 1.5-2.8).

Simulation of image resolution and phantom
experiment no. 2

Computer simulation was carried out to obtain the rela-
tionship between spatial resolution and the recovery coef-
ficient measured under noise-free conditions in phantom
experiment no. 2. Using a 3D Gaussian filter with
FWHM = 10 mm, the recovery coefficients of the spheres
under the present experimental conditions turned out to be:
RCip mm = 0.38, RCi3 mm = 0.52, RCy7 pm = 0.72,
RC5, um = 0.88, and RCyg 1,y = 0.97 (Fig. 4). Based on
this simulation, RC;g i, > 0.38 was adopted as the
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Fig. 6 A representative PET image acquired in noise-free condition
in phantom experiment no. 2, on which RCs were measured

Figure 5 illustrates the RCs for the 7 PET camera
models measured under noise-free conditions in the phan-
tom experiment no. 2. All 7 models met the reference
criteria of RCyg m > 0.38. Fig. 6 presents one of those
PET images.

Human image quality evaluation
Methods

To examine the image quality of whole-body FDG-PET
images currently acquired in Japan and the relationship
with the physical parameters, patient images were collected
from 5 PET centers using 5 different PET camera models,
30 cases from each center. Those images had been acquired
as routine diagnostic scans according to the protocol of
each PET center without any artifacts or other problems,
interpreted by local PET physicians and reported to the
attending physicians. Images with extremely abnormal
FDG accumulation were excluded.

The quality of the images were visually evaluated by
five licensed PET physicians using the 5-step score
regarding how and whether they had sufficient quality to
read and interpret. The image was given a score of 5 for
“very good quality”, 4 for “sufficiently good quality”, 3
for “scarcely sufficient quality”, 2 for “not sufficient
quality”, and 1 for “unreadable”. NEC,atent; NECqensitys
and liver SNR were computed as described above.

Results and discussion

Figure 7 illustrates the plots of the average visual score
against NEC,ients NECgensity» and liver SNR, respectively.
A significant difference was observed between those with a
score of less than 3.0 (9 out of 148 patients) and those with
3.0 or higher for NECpygien: (17.5 £ 3.0 vs. 23.8 & 9.6,
p < 0.001) and NECepsity (0.28 = 0.07 vs. 0.45 £ 0.23,
p <0.03), but not for liver SNR (142 & 6.2 wvs.
15.9 + 4.5, p = 0.28). Spearman rank correlation analysis
of the overall data indicated that the visual score was
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significantly associated with both NECpen: (r = 0.47,
p < 0.001) and NECyepsiiy (r = 0.57, p < 0.001), but not
with liver SNR (r = 0.27, p = 0.01). If examined for each
camera model, however, the visual score correlated with all
three parameters, suggesting that although these three
parameters are good indicators of image quality, camera
differences may exist in the exact relationship and rec-
ommended reference value.

Based on those patient data, the recommended reference
value was determined as NEC,jen > 13 (Mcounts/m),
NECensity > 0.2 (kcounts/cm®), and liver SNR > 10 for
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Fig. 8 Scatter plots of visual score against BMI

this guideline. It should be noted, however, that these
reference values may still depend on the camera model and
that further modification and revision may be necessary to
make them reliable criteria for quality control to be used in
clinical trials.

The average visual score was 3.35 £ 0.44, 3.37 £ 0.35,
3.79 £ 0.29, 3.57 £ 0.27, and 3.28 £ 0.17 (mean £ SD)
for each of the five PET center data, showing a rather small
variation between patients. Since the images were all selec-
ted from routine clinical scans, heavier patients had been
injected with more activity and/or were scanned for a longer
duration, so that they would not include images with too high
or too low quality. This may be another reason for the weak
correlation between the visual score and the parameters.

Figure 8 presents the plots of the score against BMI.
There was a trend of a lower score for patients with a larger
BMI. Those patients with a score below 3.0 (9/148 cases)
had a BMI of 26.8 £ 5.0, which was significantly higher
than 23.2 & 3.5 for those with a score of 3.0 or above
(p = 0.004). This suggests that patients with a large BMI
may need more injected activity and/or a longer scanning
duration than that specified in the current protocol and
carried out at each center.
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Appendix: Physical indicators of image quality
Indicators of phantom image quality

In this guideline, NEC,panom (nOise equivalent count
for phantom), percentage of contrast (Qu.10 mm)> and

percentage of background variability (N9 mm) are used as
indicators of body phantom image quality.
The NECppanom is calculated using the formula in Eq. 1:

2
NEC[Mcounts] = T+s +T(1 IR
_ » (P-Dy
= (1=SF) (P—D)+ (1 +k)fD
Sll
f=e (1)

where T, S, and R represent true, scatter, and random
coincidences acquired within the scanning period, and P
and D represent prompt and delayed coincidences. SF, &,
and f represent scatter fraction, random scaling factor, and
ratio of object size to sinogram. S, and r represent the
cross-sectional area of the phantom and the radius of the
detector ring diameter, respectively.

The phantom image is reconstructed with all available
corrections applied, using the standard reconstruction
algorithm and usual parameters for whole-body studies.

A transverse image centered on the hot sphere(s) is used
in the analysis. A circular region of interest (ROI) with a
10-mm diameter is drawn on the 10-mm hot sphere. The
ROI analysis tool should take partial pixels into account
and also permit movement of the ROI in increments of
1 mm or smaller.

Twelve ROIs of the same size are drawn throughout the
background at a distance of 15 mm from the edge of the
phantom, but not closer than 15 mm to any sphere. The
ROIs are also drawn on the slices as close as possible to
+1 cm and £2 cm on either side of the central slice,
resulting in a total of 60 background ROIs, twelve on each
of the five slices. The locations of all ROIs should be fixed
between successive measurements. The measured activity
in each background ROI is recorded. The percent contrast
for the 10-mm hot sphere (Qy 10 mm) 1 calculated as
follows:

CH,lOmm/CB,lomm

—1
OH,10mm = - x 100% (2)

where Cy 10 mm and Cg 10 mm are the average measured
activity in the ROI for the 10-mm sphere and the average
measured activity in all the background 10-mm diameter
ROIs, respectively. ay/ay is the activity concentration ratio
for the hot sphere to the background.

The percentage of background variability Njg nm for the
10-mm sphere is calculated as follows:

SDIO mm

CB,10mm

Niomm = x 100% (3)

where SD um 1S the standard deviation of the background
ROI counts for the 10-mm sphere, calculated as follows:
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2
S (CB,10mmk — CB,10mm)
SDIOmm = K—1 ;

Indicators of human image quality

Noise equivalent count per patient height (NECpagend) and
noise equivalent count per volume (NECgyepsiry) are evalu-
ated as potential physical indicators of image quality.

The NECpuen: is defined to allow for patient height
normalization. In this guideline, since the axial scanning
range is variable, NECp,en is defined as shown in Eq. 5:

I
NEC pytient[Mcounts /m] = % (5)
where NEC; and x represent NEC for each bed position (i)
and the length (cm) of the axial field of view to be eval-
uated (i = 1-/), which extends from the neck to the
abdomen in this guideline, respectively.

NEC; is calculated using the formula in Eq. 6,

(Pi—Di)°
(Pi — D) + (1 + k)D;

NEC; [Mcounts] = (1 — SF)? (6)
where P; and D; represent prompt and delayed coincidences
for each bed position. SF represents the scatter fraction
measured within the NEMA NU 2-2001 Standard [10], and
k is set to 0 or 1 depending on whether you use variance
reduction techniques for estimating a smooth random dis-
tribution or using direct random subtraction.

NECqensity i defined as shown in Eq. 7:

_ Zz(:l NEC;

NEC gensity [kcounts/em’] -

(7)

The NECgensiyy reflects normalized effective counts
distributed within the subject body and represents count
statistics per subject volume including lung area. The NEC;
is calculated as shown in Eq. 6, and V (cm®) represents the

@ Springer

subject volume within the axial extent to be evaluated
(i = 1-1), ie., from the neck to the abdomen in this
guideline.

References

1. Mizuta T, Senda M, Okamura T, Kitamura K, Inaoka Y,
Takahashi M, et al. NEC density and liver ROI S/N ratio for
image quality control of whole-body FDG-PET scans: compari-
son with visual assessment. Mol Imaging Biol. 2009;11:480-6.

2. National Electrical Manufacturers Association. NEMA Standards
Publication NU 2-2007: performance measurement of positron
emission tomographs. Rosslyn, VA: National Electrical Manu-
facturers Association; 2007.

3. Mawlawi O, Podoloff DA, Kohlmyer S, Williams JJ, Stearns
CW, Culp RF, et al. Performance characteristics of a newly
developed PET/CT scanner using NEMA standards in 2D and 3D
modes. J Nucl Med. 2004;45:1734-42.

4. Surti S, Karp JS. Imaging characteristics of a 3-dimensional GSO
whole-body PET camera. J Nucl Med. 2004;45:1040-9.

5. Erdi YE, Nehmeh SA, Mulnix T, Humm JL, Watson CC. PET
performance measurements for an LSO-based combined PET/CT
scanner using the National Electrical Manufacturers Association
NU 2-2001 standard. J Nucl Med. 2004;45:813-21.

6. Terds M, Tolvanen T, Johansson JJ, Williams JJ, Knuuti J.
Performance of the new generation of whole-body PET/CT
scanners: discovery STE and discovery VCT. Eur J Nucl Med
Mol Imaging. 2007;34:1683-92.

7. Kemp BJ, Kim C, Williams JJ, Ganin A, Lowe VJ. NEMA NU
2-2001 performance measurements of an LYSO-based PET/CT
system in 2D and 3D acquisition modes. J Nucl Med.
2006;47:1960-7.

8. Mejia AA, Nakamura T, Masatoshi I, Hatazawa J, Masaki M,
Watanuki S. Estimation of absorbed doses in humans due to
intravenous administration of fluorine-18-fluorodeoxyglucose in
PET studies. J Nucl Med. 1991;32:699-706.

9. Hentschel M, Brink I. Lean body mass-based standardized uptake
value, derived from a predictive equation, might be misleading in
PET studies. Eur J Nucl Med Mol Imaging. 2002;29:1630-8.

10. National Electrical Manufacturers Association. NEMA Standards
Publication NU 2-2001: performance measurement of positron
emission tomographs. Rosslyn, VA: National Electrical Manu-
facturers Association; 2001.



	Japanese guideline for the oncology FDG-PET/CT data acquisition protocol: synopsis of Version 1.0
	Abstract
	Objective
	Need for the guideline
	Contents of and instructions concerning the guideline
	Phantom experiments
	Human image quality evaluation

	Coverage of PET scanner types and acquisition modes
	Procedure and evaluation criteria of phantom experiments
	Phantom experiment no.1
	Outline
	Data acquisition
	Phantom preparation
	Scanning

	Evaluation
	Recommendations

	Phantom experiment no.2
	Outline
	Data acquisition
	Phantom preparation
	Scanning

	Evaluation
	Recommendations


	Evaluation of human PET image quality
	Objective
	Method
	Recommendations

	Discussion
	Dependence on camera model
	Scatter fraction
	Relationship between phantom results and human scanning conditions
	Body size and current data acquisition protocol

	Supporting data
	Phantom experiment no. 1
	Method
	Results and discussion

	Simulation of image resolution and phantom experiment no. 2
	Human image quality evaluation
	Methods
	Results and discussion


	Acknowledgments
	Appendix: Physical indicators of image quality
	Indicators of phantom image quality
	Indicators of human image quality

	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


