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1. Introduction (SNRyyyer).  These evaluation indicators contributed to

Therapy evaluation using fluorodeoxyglucose-posi- standardization of the acquisition protocol”'?.
tron emission tomography/computed tomography Originally, we should use SF obtained from each
(FDG-PET/CT) is widely used, and multi-center patient to calculate NEC. However, a PET device
clinical trials using this device are increasing yearly'?. cannot discriminate scatter from non-scatter because of
Under such circumstances, their image quality must be poor energy discriminant ability. The SF that was

identical. However, different types of PET devices determined by each PET device was written in Digital

are used in each hospital.  Therefore, the variation in Imaging and Communications in Medicine (DICOM)
PET image quality, depending on condition of standard image header. However, the Japanese
acquisition and image reconstruction, is currently a acquisition guideline®” recommended that the method
major problem®*. The progress of hardware and was unreliable because estimation method is unclear.
software complicates the relationship between the Thus, we substituted the device-fixed scatter fraction
amount of counts and image quality. Radiomics (SFgy) that was obtained from cylindrical phantom for
using multiple indicator was useful for the prediction of true SF even though there are few studies on the use of
the PET image quality‘r’). We investigated the accu- SFg, for NEC calculations. This study aimed to
racy of the calculation method of each indicator. The validate the use of SFs, for NEC calculations through a
Japanese acquisition guideline®” recommends that the comparative analysis of SI' estimated through Monte
clinical image quality should be evaluated using noise Carlo simulations using clinical PET/CT image data

equivalent count patient (NECpaien), NEC density (SFgm) and SF written in DICOM header (SFyqy).
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Scatter phantom
Diameter 20 cm
Length 70 cm
High density polyethylene

End shield

Line source

Patient table

Discovery ST Elite
Energy resolution 17%
Energy window 425—650 keV

Scatter fraction 34%

Fig. 1 The appearance of PET device and scatter phantom. We simulated PET device
(Discovery ST Elite, GE) and scatter phantom by using Monte Carlo toolkit (Geant4 10.4.

02).

2. Materials and Methods

2-1. Validation of the Monte Carlo scheme
We used Geantd (ver. 10. 4, Geant4d Collabo-

1~13) 45 a Monte Carlo toolkit and simulated

ration)
PET device (Discovery ST Elite [GE Medical Systems,
Milwaukee, WI, USA]).

of PET device and scatter phantom

Fig. 1 shows the appearance
19 We com-
pared data from literature and the SFs, obtained from
the scatter phantom of NEMA standard to verify the
validity of these geometries.
2-2. SF;m, and SFy4, in clinical PET/CT exami-
nation

We used the data obtained from 15 patients (male :
female = 7 : 8, BMI = 23.0 * 3.60 kg/m?) who under-
went a PET/CT scan using Discovery ST Elite at
Hirosaki University Hospital between November 2016
and January 2017.
research ethics board of Hirosaki University (2016-
047).
who did not have any lesions in accordance with the

. . . 6,7)
Japanese acquisition guideline™".

The study was approved by the
We subsequently extracted data from patients

All patients were
injected with 200 MBq of '®F-FDG intravenously, and
their images were collected 60 min after injection for 3
min/bed position. PET images were reconstructed

by three-dimensional ordered subset expectation
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Crystal block
BGO 4.7 X6.3 %30 mm

Patient Table is made by DICOM image.

maximization (3D-OSEM) using 20 subsets and 2
A Gaussian filter of 5.14 mm full width at
(FWHM)

smoothing, and the standard filter was also used as a Z-

iterations.

half maximum was used for spatial

axis filter. We made digital anthropomorphic phan-
toms from DICOM C'T images.

the percentage of subcutaneous fat as it has an effect on
17)

We also investigated

SF to total body area using Weka ” mounted on
Image]/Fiji'?.

keV gamma rays were emitted. We estimated SFgp,

Based on the PET image values, 511
in each acquisition bed position. The bed position
corresponds to the neck, thorax, and abdomen, except
for the brain and bladder.

Carlo simulation until the fractional standard deviation

We performed a Monte

(I'SD), which is equal to standard deviation divided by
the mean'?, was <2%. In NEMA NU 2-2001°%,
the range of counts to estimate SFgy is limited to the
120 mm radius from the center of the PET gantry.
However, we estimated SFy;,,, under the condition that
the range restriction was lifted and expanded to trans-
axial FOV to simulate an actual PET examination.
We also obtained the SI}q, iIn each acquisition bed
position from DICOM header.
used for statistical analysis including the relationship
P <0.05 was considered

A Paired t test was

between SFg,, and SFq,.

significant.
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2-3. Calculation of NEC and visual assessment
We calculated NEC|iene and NECgensiy using
the 5.7)

evaluation range”".
NEC,atene and NECqensity can be calculated using the

counts obtained from
following formulas :

(P,_R,>2

NEC.= (1-SF)* P-R)+1+DR [ Mcounts)
. (1)
> — NEC;

NEC i t:i:li[Mcoum‘s] (2)

[711 ien . x/lOO
2 — NEC;

NEC iy = ‘Vi X 1,000[ Mcounts] (3)

patient

Where P; and R, represent the prompt and random
coincidences of each bed position, respectively. SF
The number of beds

that were needed to cover the evaluation range is

represents the scatter fraction.

represented by n.  The length of the evaluation range
The

random scaling factor is represented by k (k=1 : if the

(axial direction) is represented by x (cm).

random coincidences are measured directly by the
delayed coincidence technique, and k = 0: if the
In

this study, k=0 was used. Patient volume within the

random coincidences are estimated from singles).

evaluation range is represented by Viagent (cmg).

Vol. 40 No. 2 (2020)

Visual assessment was performed by four radiologic
technologists with at least 5 years of experience in
They evaluated PET

quality using the five-grade evaluation (Visual score 5 :

nuclear medicine. image

Very good quality, 4: sufficiently good quality, 3:
scarcely sufficient quality, 2 : not sufficient quality, 1:
unreadable) as per the Japanese acquisition guide-

line®”.

We conducted a comparative analysis of the
NEC values that were obtained using SFg,,, and SFpg,
to determine whether SFgs. were reasonable values.
Pearson’ s correlation coefficient between the BMI and
the NECs were calculated and Spearman rank
correlation coefficients were calculated for the visual
score and the NECs to determine their relationship.
Bonferroni' s multiple comparison test was used to
compare NECpaient and NEC gengiry that were obtained
using SFfy, SFm, and SFhq,.  P<<0.05 was considered

significant.

3. Results

3-1. Validation of the Monte Carlo scheme
We compared data from literature (SFg, = 0.34')

and the SFg, obtained from the scatter phantom of

NEMA standard by using Monte Carlo simulation, to

BedE

Bed A ' Bed C
‘é "BedB | BedD |
| Piiy 3.

Artifact

True coincidences

-——— Scatter coincidences

100 200 300 400 500

Z axis (mm)

W oa £

Fig. 2 The original source distribution which were counted as a coincidence count.

Many scatter

coincidences which are generated from brain region were counted in Bed A position.
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Fig. 3 Fig. 3a shows the relationship between SF,;,, and SFp4, and patient volume. High SF

was obtained from the bed A position in the group where patient volumes were small.

SFgimincreased lineally with strong correlation (>0.8) in bed B-E position.
shows the relationship between SFg;,,and SFgq,.

and there.

The

SFg, values estimated was 0.34.  From these results,

verify the validity of the constructed geometries.

we confirmed that the geometry was constructed
properly.
3-2. SF;m and SFpq4, in clinical PET/CT exami-
nation

Fig. 2 shows the axial profiles of the radioactive
source, which were counted from each bed position.
The peak of true coincidences was situated at the
middle of the bed position, but the peak of the scatter
coincidence is not, necessarily. Many scatter coinci-
dences were counted from the brain in bed position A.
The relationship between SFs (SFg,, and SFpg,) that
was obtained from each bed position and patient
volume within the range of the bed is given in Fig. 3a.
The SF,, and SFpq, distribution was divided into two
The SF;, obtained from the bed position A
was high, although the patient volume was small.
The volume of trunk of the body (Bed B-E) was
4,000-13,500 cm®.

cutaneous fat was 35% in this study. The discussion

groups.

The largest percentage of sub-

was limited only to beds B-E, and the SF,, and SFpq,
values were 0.357 £ 0.0316 and 0.379 %= 0.0232,
respectively. The correlation coefficient between
SFgm and patient volume was 0.879, and between
In all bed
positions, SFa, was a slightly higher than SF,, with a

SFhar and patient volume was 0. 681.

significant difference (p<<0.001) as shown in Fig. 3b,
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Fig. 3b
SFha,is slightly higher than SFg;,,

There is a strong correlation between them.

although there was a strong correlation between the
SFs (r=10.836).
3-3. Calculation of the NEC and visual assess-
ment

NECaenc that was obtained using SFgy, SFim, and
SFpar were 34.2 £5.51, 34.2 £7.42, and 31.5 £6.20,
respectively.  The results showed that there were
significant differences between NEC e that was
obtained using SFg, and SFq, (p<0.001) and using
SFm and SFng, (p < 0.001). NECgeny that was
obtained using SFgy, SFgm, and SFpq, were 0.639 =
0.197, 0.646 £ 0.239, and 0.594 = 0.212, respectively.
The
differences between NEC gensity that was obtained using
SFsx and SFpgr (p<<0.001) and using SFg,, and SFha,
(p < 0.001).
NECpatiene and NECqensity, which was obtained using

results showed that there were significant

The relationship between BMI and

SFix, SFsim, and SFq,, respectively, is given in Fig. 4a.
The between BMI
NECypatiene that was obtained using SFgy, SFgm, and
SFhar were — 0.619, — 0.757, and — 0.771, respec-

tively. The correlation coefficients between BMI and

correlation coefficients and

NEC gensity obtained using SFgy, SFin, and SFq. were
—0.842, —0.860, and — 0.861, respectively. The
relationship between visual assessment and NEC,,ien
and NECgcpiiy is shown in Fig. 4b.  Visual score was
3.32 £0.814.

the visual assessment and NEC,ent that was obtained

The correlation coeflicients between
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Fig. 4 Fig. 4a shows the correlation between the BMI and the NEC that was

obtained using SFg, and SF,,,.

Fig. 4b shows a correlation between the

visual assessment and the NEC that was obtained using SFg.and SFg;,,.

Visual score representative of an average of 4 evaluators.

using SFpy, SFgm, and SFya, were 0.813, 0.845, and
0.869, respectively. The correlation coefhicients be-
tween visual assessment and NECgensy that was
obtained using SFg¢, SFgm, and SFnq, were 0.845,
0.847, and 0.841, respectively.

4. Discussion

4-1. SF;,, and SFpq4, in clinical PET/CT exami-
nation

High SFg,,, and SFyq, were obtained from the bed
position A in the group where patient volumes were
small. Bed A is equivalent to the range of the face or
neck. Multiple scattered radiations were counted
from the brain at the bed position A as
2. The use of a shield may be

depending on the situation, such as
22,23)

shown in Fig.
considered?”
evaluation of
carotid plaque. Previous studies reported that
the use of a shield was not effective in brain PET
examinations. However, in this case, the number of
radioisotopes existing out-of-axial FOV is much
greater, unlike that for brain PE'T.  We estimated the

SFgm of the cylindrical phantom with diameters of
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10-50 cm in a previous study>.

The SF;, increased
by 1.3 times while changing the diameter of cylindrical
phantom with line source from 20 cm to 30 cm. In
this study, the volume of the trunk of the body (Bed
B-E) was 4,000-13,500 em®.  Because axial FOV is
15.7 cm, these are corresponding to the volume of
cylinder with a diameter of 19-33 cm. SFg,, in-
creased from 0.44 to 0.57 (1.3 times) in this study.
Therefore, SFg,,, increment was the same. We also
concluded SFg,,, 1s influenced by FDG distribution
inside of the patient’ s body as seen in previous study.
The calculated SF,, increased from 44 % to 47.5%
(1.08 times) when the source distribution ratio in a
cylindrical phantom with a 20 cm diameter was
changed from 100% (uniform distribution) to 649"
Judging from the ratio of subcutaneous fat in the CT
image, the bias of FDG distribution was not large
(from 100% to 65%) in this study. The difference of
the FDG distribution inside of the patient s body was
reflected in this result and such level variation was
observed.

by the effect of the FDG distribution, but also by

In addition, the result was not only affected
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SFhar

1s not used for NEC calculation in Japanese acquisition

statistical error in the Monte Carlo calculation.
guideline because calculation method is unclear.  Fig.
3b shows the accuracy and tendency. Sk, are
reflecting the difference of the patient size. However,
there was significant difference between SFg,, and
SFhar.  SFpae written in DICOM tag (0054, 1323)
means an estimate of the fraction of acquired counts
that were due to scatter and were corrected in image.
Thus, if we assume SF,, is a true value, scatter
correction could not accurately correct by removing
the accurate quantity of scattered radiation when there
The

accuracy depends on the kind of PET device used;

is large difference between SFy, and SIg,.

thus, further study is required, either way.
4-2. Calculation of the NEC and visual assess-
ment

We calculated NEC aene and NECengiey from the

data of 15 patients. 10)

Similarly, in a previous study ", a
strong correlation was found between NEC . ene and
visual assessment, and NECengiy and visual assessment

(> 0.8).

facility, and relative evaluation was performed between

This result was obtained from a single
images obtained from there. The same correction
and reconstruction algorithm were used, and the
impact of scattered radiation from out-of-axial FOV
was mostly the same.

The results showed that there was no significant
difference between the NECs that were obtained using
SFg and SFg,..
the BMI and the NEC acnt, Visual assessment and the

The correlation coeflicient between

NEC,atiene that was obtained using SFgy, and SFpg,

increased slightly, but there was no difference
significant between the BMI and the NEC gengiyy, visual
It

means that to subjective evaluation of a person is

assessment and the NEC gengiey as shown in Fig. 4.

difficult and the variation of the visual assessment was
larger than the effect of using SFg,, for the calculation
of NEC. Moreover, the SFg,,, obtained by Discovery
ST Elite took a value within the range of 0.3-0.4.
This is the greatest difference, but such difference does
not occur in all beds.  Including other beds diminishes

the effect of the difference of SFg,. From the above
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results, the use of estimated SF;,, for NEC calculation
using Discovery ST Elite is not necessary. We can
use SFsy in a manner similar to how it was previously
used. However, this study did not include extreme
obesity patient (such as BMI > 30), as it is unclear
whether the SFgy is an appropriate value to use in all
cases. Based on the regression line, the NECagcnt
obtained using SFg, will reach the lower limit
(NECpaient >13) of the Japanese acquisition guideline
when BMI is 45.4, NEC,,icn obtained using SFg,, will
reach it when the BMI is 36.6. The use of SFg,,
might be considered for NEC calculations for heavy

patients.

5. Conclusion

We uncovered the relationship among SFgy, SFgm,
and Sthr.
tween the NEC obtained using SFg, and SFg,,, based

on standard proportion.

There was no significant difference be-

However, there were signi-
ficant differences between the NEC obtained using
SFim and SFpg.  The results of the PET device used
in this study showed that SFge could be used as a
representative value. Moreover, using SFg¢ is more

appropriate than SFpq, in NEC calculations.
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