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The Radionuclide Ventriculography Using Planar
and SPECT (Single Photon Emission Tomography)
Techniques to Explore the Correlation with Echocardiography

Tzu-Chi Chang'?, Shih-Chin Chou', Yu-Sheng Hung"

'Division of Nuclear Medicine, Chi Mei Medical Center, Liouying, Tainan, Taiwan

’Department of Medical Imaging and Radiological Sciences, Kaohsiung Medical University

Abstract
Purpose: The aim of this study was to understand which of SPECT image and planar image has a higher
correlation with cardiac ultrasound results, and to use cardiac ultrasound as a reference standard for LVEF.

Materials and Methods: Between 2015/08/10-2020/01/09, patients for heart function assessment with planar study
and/or SPECT and cardiac ultrasound. LVEF defined by each study were recorded. In vivo Tc-99m labeled RBC
method was used. Images were taken by gamma camera, and then LVEF was calculated by e-soft software and
QBS algorithm. The definition of positive is less than 50% of LVEF. Then data was analyzed by SPSS 18 and excel.

Results: 54 men and 12 women were included. The average LVEF values measured by SPECT image and cardiac
ultrasound, planar image and cardiac ultrasound were 45.2+21.43% and 47.19%£14.45, 43.20+13.64% and
47.66£13.71, respectively. There showed significantly high correlation between LVEF measured by SPECT image
and cardiac ultrasound (r = 0.729, p < 0.001) and LVEF measured by planar image and cardiac ultrasound (r = 0.772,
p < 0.001). The results of both planar and SPECT image are similar to those of cardiac ultrasound.

Conclusion: SPECT can provide more clinical information and is less affected by human interference. SPECT has
been routinely used clinically as an examination method to assess ventricular function.

Key words: echocardiography, MUGA, Planar image, SPECT image

J Nucl Med Tech 2022;19:1-7
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Geiger-Miiller Counter Kit Basic Test:
Counting Statistics and Fluorine-18 Decay Curve Counting

Fa-Shun Tsai', Tai-Lin Jiang, Lin-Chun Ou, Cheng-Hui Lee

Division of PET Center, Shin Kong Wu Ho-Su Memorial Hospital, Taipei, Taiwan

Abstract
Geiger-Muller counter, often known as a Geiger

counter or Geiger tube, is a type of ionizing radiation
detector. Because of their simple structure, low cost,
and ease of use, Geiger counters are widely employed
in nuclear physics, medicine, and industry. A Geiger-
Miiller counter DIY kit was used in this experiment to
conduct counting statistics and half-life counting tests
to evaluate the counter kit's counting performance.

Materials and methods: The Geiger-Miller counter
kit (CAJOE, Model: GC-1602-NANQO) and Geiger tube
model J305By are used in this experiment. The arduino
nano circuit board is connected to the computer for the
experiment. The software code is written and uploaded
with the arduino IDE. We use the Tera Term port
monitoring software to record the counts returned by
the arduino nano board. Set the Geiger-Miiller counter
to 25 cm from the "’Cs radioactive source and record
the counting value 390 times for 60 seconds each time
(counts per minute, CPM). Half-life test: Place the 17
uCi "®F-FDG at a distance of 3 cm from the Geiger-
Muller counter and record the counting value 500 times
for 60 seconds each time. The half-life was calculated
by curve fitting.
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Results: Counting statistics test results, the average
count rate at 25 cm from the '*'Cs radioactive source
is 739.92£26.29 CPM, and the histogram shows a
Gaussian distribution. The half-life test results show that
the measured count rate curve is an exponential decay
curve. The curve fitting equation is y = 4997e™%%*'*
According to the half-life curve equation, the calculated
half-life is 112.89 minutes, which is very close to the

'®F-FDG physical half-life of 109 minutes.

Conclusion: The results of this experimental test
confirm that this Geiger-Muller counter kit can perform
basic free radiation detection and can be used for
teaching or applications related to radiology or radiation
protection.

Key words: Geiger-Muller counter, Geiger tube,
counting statistics, Gaussian distribution, half-life

J Nucl Med Tech 2022;19:9-15

Ionizing radiation is a type of energy released by
atoms in the form of electromagnetic waves or particles
that have sufficient energy to ionize atoms or molecules
by detaching electrons from them. People are exposed to
natural sources of ionizing radiation, such as in soil, water,
and vegetation, as well as in human-made sources, such as
x-rays and medical devices [1, 2]. However, this radiation is
not easily detected and since it also possesses high ionizing

power and penetration strength, it constitutes a risk to human
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health when it is found outside of its acceptable limits [3].
Because humans cannot see or feel ionizing radiation, we
need radiation-sensitive detectors to detect it. Geiger-Miiller
counter (GM counter) often known as a Geiger counter or
Geiger tube, is a type of ionizing radiation detector. Because
of their simple structure, low cost, and ease of use, Geiger
counters are widely employed in nuclear physics, medicine,
and industry [3, 4]. Geiger-Miiller counter is named after
Hans Geiger, a German scientist, who worked on detecting
radiation in the early 1900s. Walter Mueller, a graduate PhD
student of Geiger's, perfected the gas-sealed detector in the
late 1920s and received credit for his work when he gave his
name to the Geiger-Mueller tube (GM tube) [5].

A Geiger-Miiller counter is a gas-filled detector
consisting of a gas-filled tube connected to a high-voltage
circuit that utilizes the ionization of gas by radiation as the
primary tool for detecting radiation. A typical GM tube is
a chamber filled with mixture gas. The chamber has two
electrodes with a potential differential of several hundred
volts between them. The cathode is a wire positioned axially
in the middle of the chamber, whereas the anode is a metal
tube with its interior surface coated with a conducting
substance or a spiral wire. Ionization of the noble gas occurs
when radiation strikes the tube window. The expelled
electrons will be drawn to the anode, while the heavier ions
will be drawn to the cathode. The current causes the voltage
between the anode and cathode to drop which the counter
detects as a signal [3-5].

Now we can easily buy commercial Geiger counters or
DIY kits on the Internet. DIY project information on Geiger
counters is also easy to find online. In this experiment, a
Geiger-Miiller counter kit was used for counting statistics and
half-life counting tests to evaluate the counting performance

of this counter kit.

Materials and methods

The Geiger-Miiller counter kit (CAJOE, Model: GC-
1602-NANO) and Geiger tube model J3050y are used in this
experiment. The arduino nano circuit board is connected to

the computer for the experiment. Figure 1 depicts the entire

J Nucl Med Tech 2022;19:9-15

Figure 1. The Geiger-Miiller counter kit (CAJOE, Model:
GC-1602-NANO) is equipped with a J3058y Geiger tube
and an arduino nano circuit board. This experiment did not
use the LCD screen shown in the figure.

experimental GM counter kit. The software code is written
and uploaded with the arduino IDE. The user interface of the
arduino IDE and the basic code of this experiment are shown
in Figure 2. We use the Tera Term port monitoring software
to record the counts returned by the arduino nano board.

Counting statistics test: We use a cesium-137 (Isotope
Product Laboratories, Model: CA818-843-7000) as the
standard radioactive source. The half-life of cesium 137 is
30.05 years, which is much longer than the experimental
period, and the activity can be regarded as a constant during
this experiment. Set the Geiger-Miiller counter to 25 cm
from the 'V'Cs source and record the counting value 390
times for 60 seconds each time. Half-life test: Place the 17
uCi "F-FDG at a distance of 3 cm from the Geiger-Miiller
counter and record the counting value 500 times for 60
seconds each time. The half-life was calculated by the curve
fitting equation.

We measured the working voltage of the Geiger tube
according to the manufacturer's documentation before
starting the experiment. According to the document of
J3058y type Geiger tube, the recommended working voltage
is 380 volts, and the actual measured value is 390 .4 volts. We

must subtract the background value from the measurement

Vol. 19 No. 1 December 2022
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Figure 2. The user interface of the arduino IDE and the basic code of this experiment.

for experimental accuracy. Turn on the GM counter for 10
minutes and then record the background counting value 100
times for 60 sec each time, the unit is counts per minute
(CPM), and the average value is taken as the background
counting value. The background counting value is 20.3 CPM.
All measurements in this experiment will be converted to

counts per minute (CPM).

Results

The results of the counting statistics experiment
are shown in Figure 3. A total of 390 counting tests were
recorded, with an average counts and standard deviation of
739.92 £ 26.29 CPM. The probability distribution diagram
(histogram) and Gaussian fitting curve of the experimental
results of counting statistics are shown in Figure 4. The
histogram basically presents a normally distributed bell
shape that is symmetrical on both sides.

'""E-FDG half-life count curve and exponential
decay fitting curve are shown in Figure 5. The half-life of
fluorine-18 is 109.771 minutes. Half-life test exponential

—0.00614x

decay fitting curve equation: y = 4997¢ . An exponential
decay curve fits the following equation: N(t) = N, ¢™. The
half-life t,,, of the decay is related to the decay constants A in

the following way: t,,, = In2/A ° According to the exponential

EEFS EASE  2022:19:9-15

Figure 3. Elapsed time versus CPM.

decay fitting equation, the half-life should be 112.89 minutes,
which is 102.84% of the true value.

Discussion
Radioactive decay is a random process [6]. We can't

predict exactly when an unstable nucleus will decay; all we

2022F 12 H 19814
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Figure 4. Histogram of counting value and Gaussian fit
curve.

Figure 5. ""F-FDG half-life counting curve and Exponential
decay curve fitting.

can do is predict the probability that it will decay within
a given time frame. Similarly, we can only anticipate the
average number of decays in a radioactive sample during a
given time interval, rather than the precise number of decays.
We receive a varied number of counts each time we count
the number of decays in a fixed time interval, but they have

a more or less clear mean value. Therefore, even if the exact

J Nucl Med Tech 2022;19:9-15

same experimental conditions are kept, for example, the time
of each measurement in the experiment remains the same, the
half-life of the radioactive source is very long, the position
of the radioactive source relative to the counter is kept
constant, etc., in the radioactivity measurement, each time
The results of the experimental measurements are different.
The results of each experimental measurement are not
identical, but rather fluctuate around an average value, with
large differences in some measurements. This phenomenon
is known as radioactivity count statistics [6-9]. This
radioactivity count statistic reflects the inherent properties
of radioactive nuclear decay, regardless of the measuring
instruments and techniques used. The experimental results in
Figure 1, which shows that the experimental results fluctuate
around the mean CPM value.

The statistical distribution of the decay of radioactive
nuclei can be deduced according to the theory of
mathematical statistical distribution. The decay process
of radioactive nuclei is a process that is independent of
each other, that is, the decay of each nucleus is completely
independent, and which nucleus decays first and which
nucleus decays later is purely accidental, and there is no
certain order. There are only two states of an atom per unit
time in a radioactive source: decay or no decay. Assume the
decay probability is p = (1- e™), and the probability of no
decay is g = e'h, where 4 is the decay constant. The half-life
t,» can be expressed as n2/A. Assuming that at time 7 = 0, the
total number of radioactive nuclei is N,, some of the nuclei n
will decay at time 7. According to the binomial distribution,
the probability p(n) of the decay of n nuclei in time t can be

obtained as:

p(n) = (1 — p)Mo "

(No—n)!n!

No!

= Gt (1 = ey
0_ . .

In time 7, the average number of decayed particles is
m,m=N,p =N, (I- e’l). The root-mean-square deviation

(standard deviation) is O:

0 =/Nopg = ym(1 —p) =yme=2 (2
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If At << 1 or t << 1/4, the time ¢ is much smaller than
the half-life In/A, at this point, the probability of no decay ¢
approaches 1. And the root-mean-square deviation 0 can be

simplified as:
o =+m 3)

In the decay process, when N, is large and Af is much
less than 1 (Ar << 1), the binomial distribution equation (1)
can be simplified as follow:

No!

~ No—
Wt = No™ and (1 —pyTo

~ (e7P)No=n = ¢=PNo “)

The binomial distribution equation (1) can be simplified

as Poisson distribution equation as:
_No" o -pNy —M" —m
p(n) =——pte Pl =—e (5)

In the Poisson distribution, the value range of n
is all positive integers (0, 1, 2, 3, ...), and when n = m,
p(n) has a maximum value. In a Poisson distribution, the
expectation value E(x) = m and 0° = m. When m is small, the
distribution is asymmetric; when m is larger, the distribution
asymptotically approaches symmetry, and the Poisson
distribution can generally be replaced by a normal (Gaussian)
distribution [6, 7, 9]. In mathematics, Stirling's approximation

or Stirling's formula is an approximation for n factorials.
Stirling's formula: n! =~ \/27‘[11(2)" (6)
e
Then the equation (5) can be modified as follow:

m —(n-m?2)

p(n) =Tre M = ——e¢ 22 @
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Poisson distribution is very well approximated by
the Gaussian or normal distribution [6, 7, 9]. For which
certain confidence intervals have been established in terms
of the standard deviation. These confidence intervals (CI)
are as follows: About 68% of values drawn from a normal
distribution are within one standard deviation 0 away from
the mean; about 95% of the values lie within two standard
deviations; and about 99.7% are within three standard
deviations [10]. We sorted the YCs counting results
according to the confidence levels as shown in Table 1.

The nuclear decay process follows: N(t) = Nye™. Among
them, NV is the number of atoms that have not decayed, and
N, is the number of atoms at the initial time ¢ = 0, which
means that N decreases with the increase of time ¢, which is
a process that satisfies exponential decay. Each radioisotope
has a different physical half-life, and a half-life counting test
can be used to determine isotope purity. The results of the "°F
half-life counting experiment demonstrate this exponential
decay process. The output of a usable ionizing radiation
meter should be positively correlated with the intensity of
the detected radiation. The results of this experiment confirm
that the value of the Geiger counter is proportional to the

intensity of the radiation.

Conclusion

The results of this experiment confirmed that the Geiger
counter can detect ionizing radiation and that the counting
value is proportional to the radiation intensity. The results of
this experiment confirm that this Geiger-Miller counter kit
can detect basic ionizing radiation and can be used to teach

radiology or radiation protection.

Table 1. Cs counting results and confidence interval analysis
CI CPM range Samples within CI Percentage Theoretical percentage
Mean+lo 713.62~766.22 270 69.23% 68%
Mean+20 687.33~792.51 369 94.62% 95%
Mean+30 661.03~818.81 389 99.74% 99.7%

EEFS EASE  2022:19:9-15
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Evaluation of Radiation Shielding Ability of Different Materials
Anti-epidemic Partitions: Monte Carlo Experiment

Fa-Shun Tsai', Tai-Lin Jiang, Lin-Chun Ou, Cheng-Hui Lee

Division of PET Center, Shin Kong Wu Ho-Su Memorial Hospital, Taipei, Taiwan

Abstract
Introduction: Droplet transmission has been identified

as the primary route of SARS-CoV-2 transmission since
the outbreak. SARS-CoV-2 infection primarily causes
respiratory illness, ranging from mild to severe illness
and death. Many studies have also shown that wearing
personal protective masks, protective clothing, and
using partitions can prevent droplet transmission and
thus SARS-CoV-2 transmission. The partition board
is also widely used in the hospital's ionizing radiation
departments, such as the radiology and nuclear
medicine departments. Staffs working in the ionizing
radiation department have a high chance of being
exposed to radiation. Partition partitions of different
materials can provide protection against droplet
infection, but the shielding effect of radiation photons
is not clear. In this experiment, Monte Carlo simulation
software is used to simulate several partition materials
to evaluate the shielding effect of each material on
radiation photons.

Materials and Methods: GATE software was used to
simulate 140 kVp X-ray and 140 keV, 511 keV single-
energy y photons irradiating a 30x30x30 cm water
phantom. Simulate the dose distribution of direct beam
irradiation and irradiation with partition shielding,
respectively. Simulation of 10° photons per exposure.
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Partition materials include 2 mm thick stainless
steel (SS304), 2 mm aluminum, 5 mm glass, 5 mm
acrylic (PMMA). Record the radiation dose (Gray) per
millimeter in the water phantom.

Result: In the 140 kVp X-ray simulations using 2 mm
thickness stainless steel, 2 mm aluminum, 5 mm glass
and 5 mm acrylic partitions, the absorbed dose was
28.19%, 86.39%, 75.63% and 91.93% of the direct
irradiation respectively. The simulated results for 140
keV mono-energy y photon irradiation was 76.75%,
94.78%, 88.12% and 93.95% of the direct irradiation
respectively. And 511 keV mono-energy y photon
irradiation simulations were 91.2%, 96.89%, 92.78%
and 96.19% of the direct irradiation.

Conclusion: The results of this simulation show that
2 mm SS304 stainless steel has a better radiation
shielding efficiency against X-rays reducing the
radiation dose by approximately 70%. All other
materials failed to achieve the desired radiation
shielding effect at all photon energies. Among of the
transparent materials, glass provide better shielding
than acrylic at all photon energies. Metal and plastic
partitions do not offer adequate shielding efficiency
at 511 keV photon irradiation. To avoid unnecessary
radiation exposure, nuclear medicine staffs should
be aware that anti-epidemic partitions do not provide
significant radiation protection.

Key words: Monte Carlo simulation, radiation

shielding, anti-epidemic partition, GATE, Geant4
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Introduction
Droplet transmission has been identified as the primary

route of SARS-CoV-2 transmission since the outbreak.
Contact, droplet, airborne, pollutant, fecal-oral, blood-
borne, mother-to-child, and animal-to-human transmission
are all possible modes of SARS-CoV-2 transmission [1].
SARS-CoV-2 infection primarily causes respiratory illness,
ranging from mild to severe illness and death. Many studies
have also shown that wearing personal protective masks,
protective clothing, and using partitions can prevent droplet
transmission and thus SARS-CoV-2 transmission. The
partition grid is also widely used in the hospital's ionizing
radiation inspection departments, such as the radiology and
nuclear medicine departments [2-5]. Staffs working in the
ionizing radiation department have a high chance of being
exposed to radiation [6-9]. In order to protect workers from
ionizing radiation, these departments are equipped with a
lot of shielding devices such as caps, lead glasses, thyroid
protectors, aprons, radiation reducing gloves, and so on
[10]. Anti-epidemic partitions of different materials can
provide protection against droplet infection, but the shielding
effect of radiation photons is not clear. In this experiment,
Monte Carlo simulation software is used to simulate several
common separator materials to evaluate the shielding effect

of each material on radiation photons.

Materials and Methods
The GEANT4 Application for Emission Tomography

(GATE) encapsulates the GEANT4 libraries in order to
achieve a modular, versatile, scripted simulation toolkit
adapted to the field of nuclear medicine. In particular,
GATE provides the capability for modeling time-dependent
phenomena such as detector movements or source decay
kinetics, thus allowing the simulation of time curves under
realistic acquisition condition. GATE in particular offers the
capacity to simulate time curves under realistic acquisition
conditions by simulating time-dependent phenomena like
detector motions or source decay kinetics [11, 12]. It can
also be used for dose calculation in radiation therapy,

brachytherapy or any other application [13]. All of the Monte

J Nucl Med Tech 2022;19:17-24

Carlo simulations were performed using the GATE version
9.1 with GEANT4 version 10.7.0 in this study. GATE
software was used to simulate 140 kVp X-ray and 140 keV,
511 keV single-energy y photons irradiating a 30x30x30
cm water phantom. Simulate the dose distribution of direct
beam irradiation and irradiation with partition shielding,
respectively. Simulation of 106 photons per exposure.
Partition materials include 2 mm thick stainless steel (SS304),
2 mm aluminum, 5 mm glass, 5 mm acrylic (poly methyl
methacrylate, PMMA). The primary method for defining
the properties of the materials used in Gate is by a materials
database (built-in GateMaterials.db file). This GateMaterials.
db file holds all the information required for Gate to assign
the nuclear properties from the Geant4 data sets. The
materials for this experiment were set in the GateMaterials.
db file as shown in Figure 1. In Gate, materials are defined as
combinations of elements. In the case of 304-stainless steel,
the various mass fractions are given as 0.695 Iron, 0.190
Chromium, 0.095 Nickel, and 0.020 Manganese. Note that
the mass fractions from the elements must all sum to one.
GATE allows to simulate the dose distribution in
a phantom during radiotherapy. The Dose measurement
(DoseActor) is the tool that is used to store the deposited
dose. We record the radiation dose (Gray, Gy) per millimeter

in the water phantom. The 140 kVp X-ray spectrum is

Figure 1. The materials for this experiment were set in the
GateMaterials.db file.

Vol. 19 No. 1 December 2022



generated by SPEKTR 3.0. The SPEKTR is a computational
toolkit witch has been developed to calculate X-ray spectra
based on the TASMICS algorithm, updating previous work
based on the TASMIP spectral model [14, 15]. The toolkit
includes a Matlab function library and improved user
interface (UI) along with an optimization algorithm to match
calculated beam quality with measurements.

System geometric setting: The Photon source set as
a point source, GATE code defines as “General Particle
Source”. Photon beam is directed towards the water phantom,
the beam modeling as a narrow cone beam with 1 degree
span. Photon source to water phantom surface distance
(Source surface distance, SSD) is 55 cm. The partition plate
is set between the photon source and the water phantom, 25
cm away from the surface of the water phantom. The system

geometry settings are shown in Figure 2.

Result

We have sorted out the radiation dose results of each
simulated exposure to the water phantom and listed them in
Table 1. Assuming that the absorbed dose directly irradiated
by photons of different energy is 100%, the absorbed dose

SEHFARIRBEN ] -1 B g B I B (e e 7
Monte Carlo Simulation to Assess the Radiation Shielding Ability
of Various Material Partitions

percentage after shielding with different material separators is
shown in Table 2. The X-ray spectrum incents the water cube

with and without partition materials shielding were showed

Figure 2. System geometry setting 3D display with photon
trajectories.

Table 1. Absorbed dose within the water phantom of each simulation

Total absorbed dose within the water phantom (Gy)

No partition 2 mm SS304 2 mm Al 5 mm Glass 5 mm PMMA
140 kVp X-ray 736X10°° 207X10°° 6.36X10°* 556X10°* 6.76X10°*
140 keV y-ray 143X107 1.10X 107 136X 107 126X107 1.34X107
511 keV y-ray 5.79X107 528%10" 560%107 537X107 5.56X107

Table2. Remain dose percentage within the water phantom of each simulation
Remain dose percentage

No partition 2 mm SS304 2 mm Al 5 mm Glass 5 mm PMMA
140 kVp X ray 100% 28.19% 86.39% 75.63% 91.93%
140 keV y ray 100% 76.75% 94.78% 88.12% 93.95%
511 keV y ray 100% 91.2% 96.89% 92.78% 96.19%

EEFSBASE  2022:19:17-24
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as Figure 3. The maximum energy in kiloelectron volts (keV)
is numerically equal to the voltage difference between the
anode and the cathode in kilovolts peak (kVp). You can see
that the area under the curve is significantly reduced. The
partition plate as a filter, resulting in selective attenuation of
lower energy photons. When an impact happens in a GATE
simulation, energy is deposited along step lines. We plot the
photon dosage deposition along the water phantom's depth

for photons of various energy, as seen in Figure 4 to Figure 6.

Discussion
Anti-epidemic partitions are available in large and

small sizes, from large office or premises partitions to small
desktop partitions. Large modular partitions are also used for
the rapid establishment of temporary hospitals as medical
emergency sites in disasters [16]. For the large partitions,
SS304 stainless steel and aluminum were chosen for this
experiment. These large partitions are usually hollow sheets
clad in thin metal, so the material thickness is defined as 2
mm. SAE 304 stainless steel is the most common stainless

steel. The steel contains both chromium (between 18% and

Figure 3. Simulation X-ray spectrum with and without
partition shielding.

J Nucl Med Tech 2022;19:17-24

20%) and nickel (between 8% and 10.5%) [17]. Numerous

home and commercial products, including exhaust manifolds,

Figure 4. Variation of the absorbed dose in a simulation of
140 kVp X-ray radiation with a water phantom's depth.

Figure 5. Variation of the absorbed dose in a simulation of
140 keV y-ray radiation with a water phantom's depth.

Vol. 19 No. 1 December 2022



Figure 6. Variation of the absorbed dose in a simulation of
511 keV y-ray radiation with a water phantom's depth.

screws, cutlery, and equipment for handling and processing
food, are made of SS304 stainless steel. Aluminum alloys
are also ideal for many industrial fabrications, allowing
for stiffer and lighter designs than steel. Aluminum alloys
are second only to steels in use as structural metals. 3003
aluminum alloy is commonly used in sheet metal applications
such as guttering, downpipes, roofing and siding [18, 19]. As
aluminum alloy is not included in the GateMaterials.db file,
it was replaced by aluminum for this experiment. The density
of the built-in aluminum is 2.69890 g/cm3, which is similar to
the density of aluminum alloy (2.7 g/cm3) [19] and about one
third of SS304 steel density 7.92 g/cm’. From the findings of
this experiment, it is evident that SS304 steel has a stronger
X-ray attenuation effect than aluminum when both materials
have the same thickness.

Desktop partitions are widely used in classrooms,
restaurants, offices. Considering the load-bearing capacity
of the desktop and the need not to block the line of sight,
mostly transparent and low-density materials are used. This

experiment mainly focuses on acrylic and glass. Acrylic,

EEFSBASE  2022:19:17-24
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often known as poly methyl methacrylate (PMMA), is a type
of technical plastic. Transparent thermoplastic describes it.
PMMA is also known by the trade names and brands Crylux,
Plexiglas, Acrylite, Astariglas, Lucite, Perclax, and Perspex,
among many others. It is also known as acrylic glass [20].
PMMA has a density of 1.19 g/cm’, which is very close to
water and human body, and is often used as a phantom for
radiation measurement [21]. Glass is an amorphous material
made mostly of silica that is often transparent. Glass can
be used to create optical lenses, prisms, and optoelectronic
materials due to its refractive, reflecting, and transmissive
qualities. General purpose glass and leaded glass for
radiation protection have different densities, e.g. Corning
Med-X" Glass has a density of 4.8 g/cm 34.8 g/cm’ [22-24].
The outcomes of this experiment demonstrate that PMMA
and glass do not provide enough radiation shielding at all
photon irradiation energy levels. In the routine work of the
nuclear medicine department, there is a need to use partition
boards that block radiation photons but are transparent, e.g.
when patients are injected with radioactive tracers [25]. The
effectiveness of radiation shielding depends on the ability to
stop the radiation photons (particles), which varies according
to the type and energy of the radiation and the shielding
material used. Particle radiation consists of a stream of
charged or neutral particles. The least invasive particles are
alpha particles (helium nuclei), a sheet of paper can stop
even very high-energy alpha particles; whereas beta particles
(electrons) are more invasive, they can still be absorbed by
a few millimeters of aluminum. Common anti-epidemic
partitions can effectively block these particle radiations.
However, photon radiations are routinely used in hospitals.
Photon radiation shielding requires high atomic number and
high-density materials [26]. These anti-epidemic partition
materials are not effective at blocking y-ray and X-ray. Don't
have a false sense of security because of the anti-epidemic
partitions; instead, staffs in the medical radiation departments
should be aware of this fact. If opaque partitions are used,
staffs cannot see the radiation source behind the partition,

and may be exposed to accidental radiation exposure.
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Conclusion

The results of this simulation show that 2 mm SS304
stainless steel has a better radiation shielding efficiency
against X-rays reducing the radiation dose by approximately
70%. All other materials failed to achieve the desired
radiation shielding effect at all photon energies. Among of
the transparent materials, glass provide better shielding than
acrylic at all photon energies. Metal and plastic partitions do
not offer adequate shielding efficiency at 511 keV photon
irradiation. X-ray machines and computed tomography
scanners in the radiology and nuclear medicine departments
are installed in rooms with radiation safety assessments. The
isotope tracers used in nuclear medicine are higher in energy
than normal diagnostic X-rays, and this experiment confirms
that common barrier materials are inefficient in shielding
these high-energy photons from radiation. Staff working in
the Nuclear Medicine and Positron Emission Tomography
departments should still be aware of the TDS-principals (time,

distance, and shielding) and radioactive source management.
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Intestine Gastrointestinal Stromal Tumor Detected
by FDG PET/CT
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Abstract
Introduction: Gastrointestinal stromal tumor (GIST)

is the most common mesenchymal tumor of the
alimentary cannel.

Case presentation: A 63-year-old man received
fluorine-18-fluorodeoxyglucose positron emission
tomography/computed tomography (FDG PET/CT) for
tumor survey. He performed FDG PET/CT showing
an irregular mass with heterogeneous intense FDG
uptake in the pelvic cavity and a suspicious GIST with
intestine involvement. Later, he received small intestine
resection. Pathologic reports revealed ileum stromal
cell tumor (GIST) which was high risk of malignancy.

Conclusion: FDG PET/CT provides valuable
information for detection, characterization, and staging
in GIST.

Key words: gastrointestinal stromal tumor, small
intestine, FDG PET/CT
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Introduction
Gastrointestinal stromal tumor (GIST) is the most

common (80%) mesenchymal neoplasm and arising in the
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muscle layer of the gastrointestinal tract [1]. GIST can occur
throughout the entire gastrointestinal tract and may have
extragastrointestinal involvement as well [2]. Recent studies
have reported that GISTs present high malignant potential [3].
Hence, it is important to observe malignant GISTs carefully.
GISTs are typically submucosal tumors, and the overlying
mucosa often remains intact on pathological and imaging
assessment. Preoperative evaluation of malignant GISTs
remains difficult for most GISTs. It is hard to assess the
stage of malignant GISTs since they are in the submucosa.
Fluorine-18-fluorodeoxyglucose positron emission
tomography/computed tomography (FDG PET/CT) is
valuable in early detection of malignant potential in patients
with GIST [4].

Case report

A 63-year-old man received FDG PET/CT for tumor
survey. He has past history of 1) chin and right thigh fracture
s/p operation 20 years ago, 2) ear infection s/p operation for
many times. He has received four times MRI for brain, three
times CT calcium score for heart, and three times FDG PET/
CT (Siemens Biograph mCT) for tumor survey since 2012.
Most examinations showed to be within reference limit.
However, CT showed ground glass opacity (0.78 cm) in the
right lung apex, without FDG uptake. This right lung ground
glass opacity has stayed no change for 10 years. Prior 3rd
FDG PET/CT scan was performed 5 years ago. His most
recently FDG PET/CT showed an irregular mass (7.5 cm)
with heterogeneous intense FDG uptake in the pelvic cavity,
and a suspicious GIST with intestine involvement. Delayed

FDG PET/CT scans obtained an initial phosphosoda enema
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(Fleet; C.B. Fleet, Lynchburg, Va). Following evacuation,
500 mL of diluted 3% contrast medium was instilled into
the anus. After anal administration of laxative-augmented
contrast medium, delayed FDG PET/CT showed the lesion
was not in rectosigmoid lumen. According to patient’s
statement, abdominal pain, melena, and body weight change
were denied.

Colonoscopy showed no obvious submucosal tumor
in the rectosigmoid junction in the endoscopic view. Small
intestine resection was arranged and pathologic reports
revealed ileum stromal cell tumor (GIST), high risk of
malignancy. Tumor size: 7.5X7.3X5.5 cm. Histologic
type: GIST, spindle cell type. Mitotic rate: 12/50 HPF.
Immunostains result: CD117 +, Dog 1 +, SMA (smooth
muscle markers) —, S-100 (nerve fiber marker) —. Pathology

stage: pT3.

Discussion
GIST cases have been reported in all ages, over 90% of

GISTs occur in adults over 40 years old, in a median age of
63 years [5]. The most common location of GIST is stomach
(50-60%) and small intestine (30-40%). 5-10% of GISTs
arise from the colon and rectum, and 5% are located in the
esophagus. Other less common locations are those outside
of the gastrointestinal tract, like mesentery, retroperitoneum
and omentum. There have been reported rare cases in the
gallbladder, pancreas, liver and urinary bladder. In cases,
where GIST occurs outside the gastrointestinal tract, the
tumors are known as extragastrointestinal stromal tumors [6].

The clinical presentation of GIST 70% of the patients
are symptomatic, 20% are asymptomatic and 10% are
detected at autopsy. The clinical signs and symptoms are
related to the presence of a mass or bleeding [7]. In this
present case, patient was known with a 7.5 cm mass in
pelvic and asymptomatic. GISTs have an uncertain clinical
behavior ranging from small harmless tumors to aggressive,
metastasizing and life-threatening sarcomas. Malignancy
possibility is 20-30% [8]. This patient of GIST was found

Figure 1. A 63-year-old man received FDG PET/CT for tumor survey. The arrow pointed to an irregular mass (7.5 cm,
maxSUV: 12.3) with heterogeneous intense FDG uptake in the pelvic cavity (A, MIP images of PET; B, Transverse PET; C,
Transverse CT; D, Transverse PET/CT fusion) with suspicious small intestine involvement (B, short arrow). Delayed FDG PET/
CT scans (E, Transverse PET; F, Transverse CT; G, Transverse PET/CT fusion; H, Sagittal PET; I, Sagittal CT; J, Sagittal PET/
CT fusion) obtained after anal administration of laxative-augmented contrast medium showed the lesion (arrow) was not in

rectosigmoid lumen.

J Nucl Med Tech 2022;19:25-29
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tumor size > 5 cm and mitotic rate > 5/50 HPF, which was
considered high risk of malignancy.

GISTs are FDG-avid tumors and FDG PET-CT can
be used for the initial staging and treatment response
assessment. Primary GISTs are typically large, hypervascular,
enhancing masses on contrast-enhanced CT scans which are
often heterogeneous because of necrosis, hemorrhage, or
cystic degeneration at the time of presentation [9]. A recent
meta-analysis reported that FDG PET or PET/CT showed
good sensitivity and specificity in predicting malignant
potential of GIST [10].

The differential diagnosis for small intestinal GISTs
includes primary and metastatic small intestinal neoplasms
[11, 12]. Adenocarcinoma is the most common primary
malignancy of the small bowel, usually appearing as an
annular lesion in the proximal small intestine. Lymphoma,
produces large masses within the small intestine that may
ulcerate, cavity, and extend into the adjacent mesentery.
Lymphoma may be indistinguishable from a GIST on
radiological images, although the presence of associated
lymphadenopathy would favor a diagnosis of lymphoma. The
use of a laxative-augmented contrast medium before delayed
FDG PET/CT is known to lead a reduction in the number
of false-positive findings and increased the accuracy in the
detection of colon cancer [13]. Delayed PET/CT performed
after administration of a laxative augmented contrast
medium might be useful for identifying patients needing
additional diagnostic procedures. The rectosigmoid protocol
consisted of an initial phosphosoda enema (Fleet; C.B. Fleet,
Lynchburg, Va). Following evacuation, 500 mL of diluted
3% contrast medium was instilled into the anus. In this case,
using laxative augmented contrast medium demonstrated that
the lesion was not in the rectosigmoid.

Surgical resection of the local disease is the gold
standard therapy. Its goal is to complete resection of the
disease with avoidance of tumor rupture [14]. In GIST,
tumor size determines the survival and regional lymph
node resection has no value since GIST rarely gives rise to
lymph node metastases. About 85% of GISTs are reported

to have activating mutation in KIT or platelet-derived

BEEFS EASE  2022;19:25-29

1L FE NG & i (R B e 2 E R
GIST detected by FDG PET/CT

growth factor receptor alpha (PDGFRA) [15]. Using
CD117 (c-Kit), a tyrosinase kinase growth factor receptor,
immunohistochemistry has proven to be a reliable and
sensitive diagnostic tool [16]. With the TKI therapies against
KIT and PDGFRA (imatinib and sunitinib), inoperable or

metastatic GISTs are now treatable.

Conclusion
FDG PET/CT provides valuable information on

detection, characterization, staging, re-staging and evaluation
of response to treatment in GIST. A multiparametric
evaluation based on changes in both morphological and
functional data has to be assessed in GIST. PET/CT-guided
management of GIST is an important example of the proof-
of-the-concept of molecular imaging-based personalized

medicine.
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Excluded Incidental Finding of FDG Uptake
in the Bowel using a Further Delayed Image — A Case Report

Li-Chun Wu', Shu-Chin Yang’, Yu-An Yen', Chiang-Hsuan Lee'”

]Department of Nuclear Medicine, Chi Mei Medical Center, Yongkang, Tainan, Taiwan
’Department of Radiation Oncology, Chi Mei Medical Center, Liouying, Tainan, Taiwan
*School of Medicine, Kaohsiung Medical University

Abstract
Intense focal uptake of "*F-FDG in the bowel is found in approximately 1.3-3% of patients who undergo PET/CT.

The mechanism reasons of increased FDG uptake in the gastrointestinal tract are unknown but may be the result
of a physiologic, inflammatory, benign, or malignant process. Malignant and premalignant lesions were found in
54%-70% patients with a PET-avid lesion underwent colonoscopy. In order to promote accuracy, we reported a
case of incidental finding of FDG uptake in the bowel on initial and delayed imaging that lesion resolution on further
delayed imaging confirmed false positive, it was a normal physiological intestinal tract, which can avoid unnecessary
colonoscopy.

Our results indicate that patients with continuously incidental colorectal FDG uptake on delayed imaging should be
referred to a further delayed imaging to avoid avoid unnecessary invasive examinations, such as colonoscopy.

Key words: FDG, further delayed imaging, PET/CT, incidental finding of FDG uptake
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Early Abdominal Follicular Lymphoma Detected
by FDG PET/CT
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Abstract
Introduction: Follicular lymphoma is a slow-growing

B cell lymphoproliferative disorder and accounts for up
30% of all ymphomas.

Case presentation: A 58-year-old woman suffered
from abdominal discomfort and anal pain. She received
a series of examination, which all showed negative.
FDG PET/CT showed ill-defined nodular lesions and
mesenteric fatty stranding with increased FDG uptake
in the abdominal cavity, further laparoscope and biopsy
were arranged. Histopathology revealed follicular
lymphoma. Patient received R-COP (Rituximab,
cyclophosphamide, vincristine, prednisone) x 4 course,
followed by radiotherapy 30.6 Gy/17fx. Three-year
follow up revealed a stable condition and no new
detectable lesion.

Conclusion: In early stage of patients with follicular
lymphoma, FDG PET/CT scan, drug intervention and
radiotherapy may improve the prognosis of disease and
prevent change into high risk group of patient.

Key words: follicular lymphoma, mesenteric lymph
node, FDG PET/CT
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Introduction

Lymphomas are a heterogeneous group of diseases,
follicular lymphoma is the second most common worldwide
after diffuse large B cell lymphoma and is the most common
of the clinically indolent non-Hodgkin lymphoma [1].
Nearly 20% of patients affected by follicular lymphoma
entity ultimately experience treatment failure and disease
progression within 2 years from diagnosis, with a 5-year
overall survival of only 50% [2]. Follicular lymphoma is
proved fluorine-18-fluorodeoxyglucose (FDG)-avid on
positron emission tomography (PET) in 95% of the cases
[3]. For suspected follicular lymphoma, wait and watch may
not be a reasonable strategy. In this case, early diagnosis and

management are important.

Case report
A 58-year-old woman suffered from abdominal

discomfort and anal pain for one month. She had past
history of hypertension under medicine control. According
to patient’s statement, she denied fever, night sweats, body
weight change. Gynecology examination and ultrasound was
normal. Urine routine and urine cytology was within normal

limit. Urology examination and uroflowmetry was normal.
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Chest x-ray was negative finding. Complete blood count
with differential was within normal limit. Hemoglobin was
14.8 g/dL (reference: 11-16 g/dL). Biochemistry examination
revealed renal function and liver function both within normal
limit. At OPD, panendoscope showed mild hyperemia of
gastric antrum. Several linear shallow ulcerative streaks
noted at gastric body. Colonoscopy findings: mild internal
hemorrhoids are noted. FDG PET/CT (Siemens Biograph
mCT) showed mesenteric lymphadenitis or lymphadenopathy

is suspected. So she visited to general surgery for further

laparoscope. Dissection for three different type nodules
done. Histopathology revealed follicular lymphoma in
mesentery lymph nodes (1.8 cm). Immunohistochemical
studies of CD20, CD45RO and bcl-2 protein were done. The
lesion showed prominent B cells forming follicular pattern.
The neoplastic follicles revealed positive staining for bcl-
2, CD20, and CD10. They revealed negative staining for
CDS5, CD23, Cd43 and cyclin-D1. A WHO grade 1 follicular
lymphoma was considered. Further laboratory examination
showed LDH 194 U/L (reference: 140-271 U/L), and beta2

Figure 1: A 58-year-old woman had history of the abdominal discomfort and anal pain for one month. She is referred for
FDG PET/CT to evaluate the extent of the disease. The arrow pointed to ill-defined nodular lesions (the largest size 2 cm) (A,
Transverse CT; B, Transverse PET/CT fusion) and mesenteric fatty stranding with increased FDG uptake (C, Transverse PET; D,
MIP images of PET) in the mid abdominal cavity.

J Nucl Med Tech 2022;19:37-41 Vol. 19 No. 1 December 2022
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microglobulin 1481 ng/mL (reference: 609-2366 ng/mL).
The left iliac crest bone marrow biopsy revealed no atypical
lymphoid aggregation and negative for malignancy. Under
impression follicular lymphoma, grade 1. probable stage
I-II. R-COP (Rituximab, cyclophosphamide, vincristine,
prednisone) x 4 course was arranged, and three months
later, a follow-up with FDG PET/CT scan was performed.
The 2™ FDG PET/CT images revealed the pre-existing
hypermetabolic mesenteric lymph nodes and mesenteric fatty
infiltrations became much shrinked and markedly less intense
FDG uptake. Later, sfollow by radiotherapy 30.6 Gy/17fx.
Post radiotherapy 3 months and 9 months, 3 and 4" FDG
PET/CT scan revealed the pre-existing mesenteric lymph
nodes region and mesenteric fatty infiltrations became diffuse
with more intense FDG uptake. Further laparoscope for
mesenteric biopsy and pathology reporter showed necrosis
and fibrosis, and negative for malignancy. Later, follow up
3 years with CT scan 6 times revealed stable condition of
pre-existing mesenteric small retroperitoneal nodes without

detectable new lesion.

Discussion

Most patients with follicular lymphoma present with
painless peripheral adenopathy in the cervical, axillary,
inguinal, and femoral regions. Some patients present with
asymptomatic large abdominal masses, with or without
evidence of gastrointestinal and/or urinary tract obstruction.
In this case, patient present abdominal discomfort for
one month. Staging studies usually demonstrate widely
disseminated disease with overt involvement of the spleen,
liver, and bone marrow [4, 5]. There is no characteristic
laboratory abnormality specifically associated with follicular
lymphoma and despite the large tumor burden [4].

The following five adverse prognostic factors were
identified and used to identify risk groups with significantly
different overall survival: Beta2 microglobulin > upper limit
of normal, Bone marrow involvement, Hemoglobin < 12 g/
dl, the diameter of the largest involved node > 6 cm and age
> 60 years. The 5-year progression-free survival based on

the risk factors is as follows: Low risk (O risk factors): 80%;

EEFSBASE  2022:19:37-41
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Intermediate risk (1 - 2 risk factors): 51%; High risk (3 - 5
risk factors): 19% [6, 7]. So, early diagnosis and management
are important. Delayed image and biopsy to patient may
increase risk factors.

According to our experience, a small (< 2 cm) focus
with FDG uptake in the abdominal cavity of asymptomatic
and no cancer history patient may due to mesentery adenitis,
follow up is recommended. The most common causes of
mesenteric lymphadenopathy are neoplastic, inflammatory,
and infectious processes [8]. Mesenteric lymphadenopathy
may come from metastatic malignancy. The most common
malignancy resulting in mesenteric lymphadenopathy is
lymphoma. Early in the course of the disease, the lymph
nodes may be small and discrete. FDG PET-CT can be used
to direct the site of biopsy in patients with existing FDG
uptake of lymph nodes in the abdominal. If the disease
progresses, the nodes often coalesce, forming a conglomerate
soft-tissue mass [8]. Evidence suggests FDG-PET/CT is
a standard care for staging, restaging, prognostication and
radioimmunotherapy planning in patients with follicular
lymphoma [9]. The use of FDG PET/CT in the evaluation
of response at the end of treatment in follicular lymphoma
following the indication of performing FDG PET/CT at least
3 weeks after the last chemotherapy cycle and 3 months after
radiotherapy to avoid the appearance of areas of non-specific
uptake related to inflammatory changes by the treatment
[10]. Drug interventions have shown better outcomes than
wait and watch in the treatment of follicular lymphoma
[11]. In early stage disease, radiotherapy remains the
standard treatment. Radiation injury triggers inflammation
and stimulates fibroblasts into myofibroblasts [12]. In this
patient, 3" and 4" FDG PET/CT scan shows FDG uptake in
the mesentery region due to radiation necrosis and fibrosis.
We would recommend that biopsy should be considered

whenever possible to exclude the false-positive case.

Conclusion
FDG PET/CT is the first choice for the diagnosis,

staging, re-staging and evaluation of response to treatment

in follicular lymphoma. Ill-defined nodular lesions and
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mesenteric fatty stranding with increased FDG uptake in the

abdominal cavity need further management. In early stage

of patients with a suspicious follicular lymphoma, wait and

watch strategy is not good. In addition, drug intervention

and radiotherapy may improve the prognosis of disease and

prevent change into high risk group of patient.
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Discussion of False Positive Gallbladder Findings
in Patients Undergoing I-131 Scintigraphy

False Positive Uptake of Gallbladder on Whole Body
Scan after High Dose Radioiodine
I-131 Therapy for Differentiated Thyroid Cancer
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Abstract
This case report presents a case of papillary thyroid cancer. The patient received radioiodine therapy with 150 mCi

I-131 after total thyroidectomy. 7 days after radioiodine therapy, the patient underwent whole body scan to detect
iodine absorption. Abnormal avidity near liver was found at planar scintigraphy and static scan. To better localize the
avidity, SPECT/CT was done, which confirmed this abnormal accumulation was at gallbladder rather than liver.

Key words: thyroid cancer, I-131 whole scan, false positives, SPECT/CT
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