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ABSTRACT

With the development of Amyloid PET Tracer, the accuracy of Alzheimer's diagnosis can be improved through
the identification of beta-amyloid neurites. However, the long image acquisition time of 20 minutes can be
difficult for the patient. PET/CT scans are sensitive to patient movement and may partially affect test results. In
this study, we studied the proper image acquisition time without affecting the quantitative evaluation of the image
through the list mode acquisition method according to the time of the distribution of radioactive drugs in the
body. The list mode includes information about time compared to the existing frame mode, and it is easy to
analyze data because it can reconstruct images about the time that researchers want. The research method
obtained a reconstructed image by time using a list mode of 5min frame/bed, 10min frame/bed, 15min frame/bed,
and 20min frame/bed to compare the difference between signal-to-pons take ratio (SNR) and lesion-to-pons uptake
ratio (LPR) and the difference in reading time to obtain an appropriate image. As a result of quantitative analysis,
when measuring in list mode, SUVmean values decreased in 6 regions of interest as the image acquisition time
increased, but showed the largest difference in 5 min/bed images, followed by 10 min/bed and 15 min/bed. As
a result, the difference in SUVmean values decreased. Therefore, it was found that SUVmean values at 15
min/bed did not differ enough to not affect image evaluation. There was no difference in LPR values. As a result
of the qualitative analysis, there was no change in the reading findings according to the PET image acquisition
time and there was no significant difference in the qualitative analysis score of the image reconstruction according
to time. As a result of the study, there is no significant difference between 15 min/bed and 20 min/bed images
during the "F-flutemetamol PET/CT test, so it can be said that it is clinically useful to reduce the image
acquisition time selectively using 15 min/bed via list mode depending on the patient's condition.
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which is normally decomposed and discharged, is not

I. INTRODUCTION decomposed but accumulates between nerve cells and
According to the Alzheimer's Association, it affects interferes with normal brain function*. Originally,
13 % of people over the age of 65, and is the fifth beta-amyloid in the brain could only be confirmed
most common cause of death among patients in this through post-mortem autopsy, but with the develop-
age group!". WHO predicts that by 2050, 114 million ment of Amyloid PET Tracer, it has become possible
of the world's population will be expected?. Although to confirm it in living patients, and the accuracy of
the exact cause of Alzheimer's dementia is not known, diagnosis can be improved by confirming the patient's
many experts believe that the protein called amyloid, beta-amyloid neurite”. The safety and effectiveness of
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this test method has been proven through approvals
from the U.S. Food and Drug Administration
(FDA_October 2013), the
Agency (EMA August 2014) and the Japan Pharma-
ceutical and Medical Devices Agency (PMDA May
2015). In Korea, the product was approved by the
Ministry of Food and Drug Safety in August 2015

European Medicines

and was evaluated for new medical technology by the
Ministry of Health and Welfare in February 2016, and
was marketed in March 2016, "*F-Flutemetamol ima
-ges are visually read by comparing the activity of
white matter and cortical gray matter. Pons become a
reference for other regions, and if more than one
frontal lobes,

region of five regions: posterior

cingulate and precuneus, lateral temporal lobes,
parietal lobes, and striatum is positive, the correspond-
ing image is classified as positive!”. "*F-flutemetamol
PET/CT takes 20 minutes to film, can cause patient
movement due to long image acquisition time,
resulting in image quality degradation, delay in work

due to re-shooting, and patient inconvenience.

The image acquisition method of PET(Positron
Emission Tomography) can be divided into list mode
and frame mode according to the method of recording
events that occurred during PET scan as shown in
Fig. 18 List mode records all kinds of information
(time and spatial position, energy of gamma rays,
etc.) about all events (such as gamma ray detection,
frame or bed start signals, trigger signals for gates,
etc.) during image acquisition time. If all necessary
information is recorded in the list mode data in the
future, it can be converted into various types of frame

mode data desired by the user.

Recently, the list mode acquisition method has been
widely wused to find out the distribution of
radiopharmaceuticals in the body as changes with
time!'"), Compared to the existing frame mode, the list
mode includes information about time, so researchers
can reconstruct images for a desired time separately,

making it easier to analyze data.
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Fig. 1. Positron Emission Tomography (PET) Image
Acquisition Method.

As for the reconstruction method of the list mode,
in the previous study, the reconstruction method of
the gate image, which was corrected for movement by
synchronizing the respiratory cycle of the lungs, was
used'"!. In addition, through a study that evaluated
the usefulness of the list mode with a physical
Jaszczak and IEC phantoms phantom!'”)) in this study,
motion artifacts were eliminated through event-specific
reconstruction by applying the patient's flutemetamol
image due to a long recording time as a head motion
correction method. By comparing and analyzing the
difference in image quality and flutemetamol uptake
ratio, we find an appropriate image acquisition time
that does not affect the image result due to the
movement of the patient, shortening the patient's
examination time and improving the quality of
medical care. It is expected that it will be useful in

clinical practice.

II. MATERIAL AND METHODS

The subjects of this study were 165 people (76

males, 89 females, and 71.7 + 4.7 years of average
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age) who took this test from March 2016 to February
2021. The research equipment used in this study was
Biograph mCT (SIEMENS Medical System, Germany)
hardware equipment and MIM https://www.mimsoft
ware.com, CEA, version 6.8.6) software equipment.
The photographing conditions and image
reconstruction
(SIEMENS Medical System, Germany)are shown in

Table 1.

factors  using  Biograph  mCT

Table 1. Sources Imaging Condition and Image
Reconstruction Factor

CT PET
KV 120 Outp ?;plemage Corrected
Slice 3.0 mm Recon method ([Ei$§§];?}%ﬁr)
Increment 1.5 mm Iterations 4
Pitch 0.8 Subsets 21
FOV 500 mm Image size 256
Reconstruction SAFIRE Zoom 20
algorithm (Strength3) :
Reconstruction | J30s medium . .
Filter Gaussian
kernel smooth
EFFmAs | CARE Dose | pypm 3.0 mm

The research method was conducted in quantitative
and qualitative methods. By reconstructing the raw
data of 165 people who have performed the test in
list mode for 20 minutes, image acquired data for 5,
10, 15, and 20 minutes is derived. Based on the
reconstructed data, in order to evaluate the overall
amyloid uptake rate in the brain cortex according to
the image acquisition time, ROIs were set for the
entire part of the anterior cingulate gyrus, posterior
cingulate gyrus, frontal lobe, parietal lobe, temporal
lobe, precuneus and pons, The average standardized
uptake value (SUVmean) for each area was measured
for each image acquisition time (5 min/bed, 10 min/be
d, 15 min/bed, and 20 min/bed).

Quantitative evaluation proceeds in two ways. First,
the SUVmean values of 6 ROIs (Anterior cingulate
gyrus, Posterior cingulate gyrus, Frontal lobe, Parietal

lobe, Temporal lobe and Precuneus) measured by

image acquisition time are measured, and the
SUVmean values of 6 ROIs of the remaining data are
compared based on the data acquired at 20min/bed.
Second, the value obtained by dividing the SUVmean
value of the six areas measured by the SUVmean of
the pons used as the standard area for '°F-
flutemetamol analysis was defined as the lesion-
to-pons uptake ratio(LPR), and this result was defined
as calculated, and compared with the LPR values in
the remaining data based on the obtained data for 20
min/bed"!.

SUV: (D

__r
(o /o)

where v is the radioactivity activity concentration
[kBg/ml] measured by the PET scanner within a
region of interest (ROI), o' is the decay-corrected
amount of injected radiolabeled FDG [kBq], and o is
the weight of the patient [g], which is used a

surrogate for a distribution volume of tracer!'”.

 ROISUV .,
fe= Pons SUV .00

()

For qualitative evaluation, the results of readings of
a total of 165 study subjects were checked, and
positive and non-amyloid-deposited and negative
images with amyloid deposition were randomly
selected. The nuclear medicine reading doctor
confirmed whether the image quality evaluation and
reading changed according to the image acquisition

time.

III. RESULT

1. Quantitative Evaluation

The average of SUVmean values by image
acquisition time for 6 regions of interest is shown in
Table 2.
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Table 2. Comparison of SUV Values of Regions of
Interest according to Image Acquisition Time.

Area 5 min 10 min 15 min 20 min
1 0.79 0.80 0.80 0.80
2 1.13 1.11 1.09 1.03
3 1.01 1.00 0.98 0.96
4 1.39 1.36 1.34 1.30
5 1.29 1.27 1.25 1.22
6 1.26 1.24 1.22 1.18
As the image acquisition time increases, the

SUVmean value of the region of interest decreases.
Table 3 shows the differences in SUVmean values of
6 ROIs according to the image acquisition time based
on the acquired data at 20 min/bed. As the image
acquisition time becomes shorter, the difference in
SUVmean values of the ROI from the reference data
tends to increase, and the data acquired for 5 minutes
showed an average 6.82 % lower SUVmean value for
the region of interest than the data acquired for 20

minutes.

Table 3. Comparison of SUV Values of Regions of
Interest according to Image Acquisition Time

Area 5 min 10 min 15 min

1. Anterior cingulate gyrus -6.77 -4.84 -2.79
2. Frontal lobe -6.14 -4.31 -2.44
3. Parietal lobe -5.88 -4.70 -2.22
4. Posterior cingulate gyrus -7.29 -4.70 -2.80
5. Precuneus -6.25 -4.57 -2.50
6. Temporal lobe -6.82 -4.45 -2.75
Average -6.82 -4.60 -2.58

Secondly, Table. 4 show the result of the uptake
ratio (lesion-to-pons uptake ratio, LPR) to the pons
obtained by dividing the SUVmean value of 6 areas
by the SUVmean of the pons used as the standard
area for flutemetamol analysis. It appears that the
LPR value of each region of interest does not change
significantly depending on the image acquisition time.
20 min/bed The results of comparing the LPR values
in the remaining data based on the acquired data are

shown in Table 5.

Table 4. Comparison of SUV Values of Regions of
Interest according to Image Acquisition Time

Area 5 min 10 min 15 min 20 min
1 0.79 0.80 0.80 0.80
2 1.13 1.11 1.09 1.03
3 1.01 1.00 0.98 0.96
4 1.39 1.36 1.34 1.30
5 1.29 1.27 1.25 1.22
6 1.26 1.24 1.22 1.18

Table 5. The Difference in LPR Value according to
the Image Acquisition Time of the Region of Interest
with Respect to the Reference Data

Area 5 min 10 min 15 min

1. Anterior cingulate gyrus 1.35 -0.19 0.11
2. Frontal lobe 1.78 0.23 0.34
3. Parietal lobe 2.14 -0.01 0.70
4. Posterior cingulate gyrus 1.09 0.06 0.16
5. Precuneus 1.47 0.70 0.25
6. Temporal lobe 1.19 -0.05 0.17

Average 1.50 0.12 0.29

From the reference data, the LPR value according
to the image acquisition time was closest to the
10-minute data, followed by 15 minutes and then 5
minutes. The data acquired for 5 minutes showed that
the LPR value of the region of interest was 1.5%
higher on average than the data acquired for 20

minutes.

2. Qualitative Evaluation

We extracted

deposition and 10 negative data without amyloid

15 positive data with amyloid
deposition and performed qualitative evaluation on
total 25 amyloid images. As a result, the 15-minute
image showed little difference in image quality
compared to the 20-minute image and was judged to
be a significant image for reading. The quality of the
S5-minute images and 10-minute images was
significantly lowered, but it was not unreadable. In
addition, there was no difference in the reading
according to the image acquisition time, so there was
no change in the reading findings according to the

time.
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IV. DISCUSSION

An image acquisition time of 20 minutes can be
difficult for the patient. PET/CT scans are sensitive to
patient movement and may partially affect test results.
Therefore, in this study, the purpose of this study is
to optimize the image quality from PET data acquired
in list mode despite the patient's movement activity
during the examination. When the image was
reconstructed in the list mode, the SUVmean value
was decreased in the 5 and 10 minutes images, but it
did not affect the LPR value and the qualitative
evaluation of the images. The best list method is the
best time not to affect the SUV value, LPR value and
image reading result from 15 min/bed, which can
reduce the patient's image acquisition time by 5
minutes. When inspecting in list mode, reconstruction
is possible according to various times, and if SNR
measurement is performed at each time, more
effective results will be obtained. In addition, it is
thought that the retest rate will be reduced by
reconstructing the image so that the patient's
movement can have little impact on the reading, and
furthermore, the radiation exposure caused by the

retest will be reduced.

V. CONCLUSION

In this study, amyloid PET images using the list
mode method were reconstructed and analyzed for
each frame divided by time. In the quantitative
evaluation, as the image acquisition time increased,
SUVmean values decreased in 6 regions of interest,
but showed the Ilargest difference in 5 min/bed
images, and the differences in SUVmean values
decreased in the order of 10 min/bed and 15 min/bed.
It was found that SUVmean values at 15 min/bed did
not differ enough to not affect image evaluation.
There was no difference in the part of the LPR value.
In the qualitative evaluation, as a result of a blind test

of two doctors over 5 years, there was no change in

the reading findings according to the image

acquisition time. It was confirmed that the image

quality was lowered, but the image was not

unreadable. Through the evaluation of the study, it is
thought that accurate clinical results can be derived
even after 15 minutes of imaging because the
difference between the 15-minute imaging time image

evaluation was small for 20 minutes of imaging time.
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LIST modeE ©]£3 BF-Flutemetamol ¢
A G5 A7t Bk AF

o)k ALY T HAh FAAE QAo Folste] dH e 6‘35}]5}” Xqigr AETLH 7|5 HAELE A
3 H7}3F Amyloid PET Tracer 7|2 glo}l 2 oj= Al 7wt &<] Al d=slolH ke H e &
Y Ak 2y 2020l g 11 FAFES AR Sl Al F d T

Zpe] FA ol wigksiH, AL Ao e dRFE JFEFS v H 3l 0] of & AFelAe A WA ¢
oFFo] X E A7t u}E list mode acquisition WHS T3 G A=A Ao FgFS njxA gom
A AdgE GAE S AIRE A5kl list modes 7159 frame mode©l] Hl 3l Algkel gk R 7F E£3HE o
AFaLEo] Ast= AlFFell Wgh PAS MW= R reconstruction & 4= A0 data Ao &olsih A WU
£ 5 min frame/bed, 10 min frame/bed, 15 min frame/bed, 20 min frame/bed & T AE EE=ZE o] &35t A7
H A4 93-S 8 535Fe] SNR(signal to noise ratio) ¥} LPR(lesion-to-pons uptake ratio)2] x}o] 2} =2 2}
o] & Hlul FA st A SIS Gotr A} ATh AFA A A list mode®= 54 Al A4
F2 J7F A3, 4FE S Aol 57]‘@"“ uhet B4 4 670l 4] SUVmean %2 7423131 21 5 min/be
d Gl A 71 e 2ol B 10 min/bed L2 3L 15 min/bed 2% SUVmean 7kl 2Fo|7} 748}
St wEbA 15 min/bed o1 419] SUVmean #h2 9732 7ol &S 7| XA &S hF9] zpol7) §lvke
A¥gko]l vrgkth LPR ko] xfol= USdth A4 4] A3, PET G4 S5Atel| & 35 Ao W)
= idom Azt mE A AT AAdA A "AEe frolgk Aol 7k fldth A7+ A ¥ F-18 fluteme
tamol PET/CT Z3AF A] 15 min/bed 3} 20 mln/bed gAto] {23k 2pol 7t flor g shxfe] Abefe ulz} LIST
MODEE &3l d¥A o2 15 minbed & A3t &S AHE Folv& Zo] A= fF&aitta

@ %

4 2t} PET/CT AALE 3

THTO: ol RolE XA WE O F9, 94 AT, H2E RE, 535tE AA@
A7A B 0]
ek A% A1)
A} ol mstojst Bgahy SEAPAIAL
(FSRA)  BAE
2xIcheta thetel WAk et cheteiy
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