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A Monte Carlo Simulation Experiment of Leaded Radiation
Protective Eyewear in Nuclear Medicine Department

Fashun 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: Nuclear medicine involves the manipulation

of radioisotopes. These radioisotopes and the X-ray
radiation emitted by the scanner may induce internal
and external exposure of the nuclear medicine
department workers when PET/CT and SPECT/CT are
used. In radiology departments, try to use lead apron,
thyroid shields and lead glasses to protect the body,
thyroid gland and eye lens from radiation respectively.
These items are made of lead or other radiation-
absorbing materials that block or reduce the penetration
of radiation. Commonly used lead protective glasses
are 0.5mm or 0.7mm lead equivalent thickness. The
photons emitted by radioactive isotopes commonly used
in nuclear medicine have a higher energy and greater
penetrating power than the X-rays used in radiology
scans. To assess whether leaded glass spectacles
can provide adequate protection in a nuclear medicine
examination environment, Monte Carlo simulations
were used to verify and demonstrate the shielding
effect of different materials of spectacle lenses against
140kVp X-ray,140keV and 511keV energy photons.

Materials and Methods: Monte Carlo simulations
were performed with GATE software. The lead glass
substance refers to the Med-X material setting.
Simulate 140keV, 511keV single-energy photons and
X-rays with tube voltage 140kVp to irradiate the eyeball
phantom. The dose distributions of 108 photons were
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simulated for direct beam irradiation and shielding with
5mm acrylic (PMMA), 5mm glass, 5mm Med-X glass,
0.5mm lead and 0.7mm lead sheet respectively. Record
the dose of the eyeball lens under each irradiation, and
the unit is Gray (Gy).

Results: Med-X glass shows a better shielding effect at
the same thickness of 5mm. In the simulation of 140kVp
X-ray irradiation, the eyeball lens doses under the
shielding of 5mm acrylic, 5mm glass, 5mm Med-X glass,
0.5mm lead and 0.7mm lead sheet are 69.66%, 65.44%,
0.30%, 6.46% and 3.16% of those without shielding
respectively; 92.64%, 86.28%, 4.74%, 27.06% and
16.05% in the 140keV gamma photon simulations;
the simulated dose ratios of 511keV gamma photon
irradiation are 94.93%, 90.82%, 77.60%, 92.00% and
89.12% %.

Conclusion: The results of this simulation experiment
demonstrate that compared to other light-transmitting
materials, lead glass of the same thickness does have
a better radiation shielding performance. Common
0.5mm and 0.75mm lead equivalent radiation protection
glasses may efficiently block the radiation dose brought
on by X-ray exposure. Although the absorbed dosage
of the eyeball lens is lowered when exposed to 511keV
photons, the protective effect is not ideal.

Key word: Monte Carlo simulation, Radiation protection
glasses, Lead Glass, Eye lens dosimetry
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Introduction

The usage of medical imaging scans, particularly
scans using ionizing radiation in the radiology and nuclear
medicine departments, has grown significantly in recent
years [1]. Ionizing radiation is used extensively in the
medical field for both diagnostic and therapeutic purposes.
These ionizing radiation scans inevitably lead to radiation
exposure of staffs. Radiation exposure can lead to a variety
of health problems, including cancer and genetic damage.
Therefore, appropriate approaches must be taken to protect
healthcare professionals and patients from the harmful
effects of radiation [2]. The effects of ionizing radiation are
critical to protect against stochastic effects, and effective
doses need to be limited. Dose limitation to specific organs
is also required to reduce deterministic effects and tissue
responses [3]. The International Commission on Radiological
Protection (ICRP) has evaluated the epidemiological
evidence for certain definitive effects of radiation exposure
and has proposed dose limits for occupational personnel that
do not exceed 100mSv every five years [4]. ICRP Report No.
118, published in 2012, revised the recommended dose limit
for occupational exposure to the crystalline lens of the eye
from 150 mSv per year as specified in ICRP Report No. 103
to an average annual dose not exceeding 20 mSv for a five-
year cycle, with an equivalent dose not exceeding 50 mSv
in any one year [5, 6]. These limitations are based on the
principles of justification, optimization, and dose limitation.
The principle of justification emphasizes the importance of
assessing the necessity of exposing individuals to radiation
[7]. It involves evaluating the potential benefits of a radiation
source or practice against the potential risks. Essentially,
any radiation exposure should be justified by weighing the
benefits gained from the procedure against the potential harm
caused by radiation. This principle ensures that radiation
exposure is only used when the benefits outweigh the risks
and that alternative non-radiation methods are considered
whenever possible. Optimization, also known as the ALARA
principle, stands for “As Low As Reasonably Achievable.”
[8, 9] It focuses on minimizing radiation exposure by

implementing measures to reduce doses while achieving the

J Nucl Med Tech 2023;20:1-13

desired outcome. The optimization principle involves an
ongoing process of evaluating and implementing radiation
protection measures to continuously improve the safety of
radiation practices. This principle encourages the use of
techniques, equipment, and procedures that reduce radiation
doses without compromising the diagnostic or therapeutic
goals. It emphasizes the need for regular monitoring, training,
and quality control to ensure that radiation doses are kept as
low as reasonably achievable. The dose limit principle sets
specific numerical values to restrict the maximum radiation
dose that individuals may receive. These limitations are set
by regulatory authorities and vary depending on the type of
radiation, the nature of the exposure, and the environment.
Dose limiting is meant to prevent deterministic consequences
like tissue damage while keeping the risk of stochastic
effects like cancer at an acceptable level. Compliance with
dose limits is necessary to protect individuals from excessive
radiation exposure and to maintain a safe working or living
environment [7, 10, 11].

Staffs working in the field of radiation medicine
are exposed to ionizing radiation on a regular basis. To
ensure their safety and minimize radiation exposure,
various radiation protection equipment is employed. These
specialized tools and garments provide a shield against
ionizing radiation, reducing the risk of potential health
hazards [11-14]. Here are some common radiation protection
equipments used by radiology personnel: Lead Aprons,
Thyroid Shields and Collars, Radiation Glasses.

Clinical data showed that radiation-related posterior
lens clouding was 52% in Interventional cardiologists,
45% in nurses, and 9% in controls [3]. The use of lead-
containing safety glasses is one of the most effective ways
to protect healthcare workers from exposure to ionizing
radiation. These protective devices come in different styles
and shapes, such as glasses or goggles, and are made of
leaded glass to reduce the amount of radiation reaching the
eyes [15]. Theoretically, these safety goggles are more likely
to be penetrated by radioisotopes used in nuclear medicine
scanning, such as Tc-99m and F-18, which release far greater

photon energies than X-ray scans [16].

Vol. 20 No. 1 December 2023
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Thermoluminescence dosimeters (TLD) or other
radiation detectors, such as semiconductor detectors and
ion chamber detectors, will typically be used to measure
the radiation dose that has been absorbed [17-19]. This
experiment uses Monte Carlo simulation because the
eyeball, the experiment’s target organ, is small in size
and it is difficult to set up TLD or a big detector for direct
measurement. The Monte Carlo simulation is a probability-
based calculation, based on the law of large numbers.
According to the law of large numbers, the average of the
results obtained from a large number of trials should be
close to the expected value and tends to become closer to the
expected value as more trials are performed [20, 21].

Monte Carlo simulations are now widely used in high-
energy physics, mathematics, and even the social sciences.
The most popular Monte Carlo simulation codes in radiation
physics include MCNP, EGS and GEANT4 [22]. Geant4
(GEometry ANd Tracking) is a Monte Carlo simulation
software, its development, maintenance and user support are
taken care by the international Geant4 Collaboration [23]. It
is primarily designed for applications in high-energy physics
experiments, but it has found extensive use in other fields
such as medical physics, astrophysics, nuclear engineering,
and radiation protection. Compared to software such as
MCNP and EGS, the main advantage of GEANT4 is that the
source code is completely open, and users can change and
extend Geant4 programs according to their actual needs [24].
The Monte Carlo simulation program used in this experiment
is GATE (Geant4 Application for Tomographic Emission),
which is an advanced opensource software developed by
the international OpenGATE collaboration and dedicated to
numerical simulations in medical imaging and radiotherapy
[24-26]. GATE is based on the Geant4 toolkit, but easier to
coding.

A simple geometric model of the eyeball was built
for Monte Carlo simulations to verify and demonstrate
the shielding efficiency of different materials of lenses on
140keV and 511keV energy photons.

EERSEAEE  2023;20:1-13

Materials and Methods

The Monte Carlo simulation code used in this
experiment is GATE version 9.1 based on Geant4 10.7.0.
We built a simple geometric model of the eyeball, which is
divided into four parts: the lens, the sclera, the retina, and
the vitreous body, to make it easier to observe the radiation
dose distribution of photons passing through the eyeball. The
sclera is a hollow sphere with a diameter of 11.3~12mm, and
the material is set to ‘G4_EYE_LENS_ICRP’. The retina
is a hollow sphere with a diameter of 11~11.3mm, and the
material is set to ‘G4_TISSUE_SOFT _ICRP’. The vitreous
body is a sphere with a diameter of 11mm, and the material
is set to ‘G4_ADIPOSE_TISSUE_ICRP’. The XY axial
diameter of the shape is 6mm, the Z axial thickness is 1.8mm,
the material is ‘G4_EYE_LENS_ICRP’, and the Z axial
displacement from the center of the glass body is 10.4mm.
The sclera is a hollow sphere with a diameter of 11.3~12mm,
and the material is set to ‘G4_EYE_LENS_ICRP’. The retina
is a hollow sphere with a diameter of 11~11.3mm, and the
material is set to ‘G4_TISSUE_SOFT_ICRP’. The vitreous
body is a sphere with a diameter of 11mm, and the material
is set to ‘G4_ADIPOSE_TISSUE_ICRP’. The XY axial
diameter of the shape is 6mm, the Z axial thickness is 1.8mm,
the material is ‘G4_EYE_LENS_ICRP’, and the Z axial
displacement from the center of the glass body is 10.4mm.
The eyeball phantom geometry is presented in Fig.1. The
density and element composition of the material settings G4_
EYE_LENS_ICRP, G4_TISSUE_SOFT_ICRP, and G4_
ADIPOSE_TISSUE_ICRP are shown in Figure 2.

In each simulation experiment, 108 photons were
irradiated to the eyeball with a 30mm diameter cylindrical
parallel photon beam, and the simulated lenses of different
materials were placed 50 mm in front of the eyeball center.
Simulated shade lenses include: Smm Acrylic (PMMA),
Smm Glass, Smm Med-X Glass, 0.5mm Lead Sheet and
0.7mm Lead Sheet.

A materials database is the primary way for defining
the attributes of the materials used in Gate. Materials are
defined as combinations of elements in Gate, and they are a

crucial parameter that Gate uses for all particle interactions

20234 12 H 20E 181
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Figure 1. The geometric shape of the eyeball model represented by a wireframe.

that occur during a simulation. These element combinations
necessitate the specification of four additional parameters.
These are the name, density, constituent elements, and
individual abundances of the material. Corning’s Med-X
glass is a radiation protection glass with a density of 4.8g/cm’
[27]. According to the manufacturer, the lead equivalent of
Smm Med-X glass is approximately 1-1.7mm. Med-X glass
is defined as mixture of elements in the GATE programming.
The following is assumed to be the composition of Med-X
lead glass: Specific Gravity: 4.8g/cm3, Si0, (26.3%), Al O,

J Nucl Med Tech 2023;20:1-13

(3.1%), PbO (52.2%), CaO (1.0%), BaO (17.1%), As,0;
(0.2%), Sb,05 (0.2%) [28], setting data as shown in Figure 3.

Different type of sources can be defined in the
same GATE simulation. Candidates for built-in energy
distributions include mono-energetic “Mono”, linear “Lin”,
powerlaw “Pow”, exponential “Exp”, Gaussian “Gauss”,
bremstrahlung “Brem”, black-body “Bbody”, cosmic diffuse
gamma ray “Cdg”, user-defined histogram “UserSpectrum”,
arbitrary point-wise spectrum “Arb”, and user-defined

energy per nucleon histogram “Epn”. The SPEKTR is a

Vol. 20 No. 1 December 2023
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G4_EVE_LENS_ICRP: d=1.1 g/cm3; n=4 ;
+el: name=Hydrogen; f=0.099269
+el: name=Carbon ; f=0.19371
+el: name=Nitrogen; f=0.05327
+el: name=Oxygen ; f=0.653751

G4_TISSUE_SOFT_ICRP: d=1.0 g/cm3; n=13 ;
+el: name=Hydrogen ; =0.104472

+el: name=Carbhon ; £=0.23219
+el: name=Nitrogen ; f=0.02488
+el: name=0xygen ; f=0.630238
+el: name=Sodium ; =0.00113

+el: name=Magnesium ; f=0.00013
+el: name=Phosphor ; =0.00133
+el: name=Sulfur ; =0.00199
+el: name=Chlorine ; f=0.00134
+el: name=Potassium ; f=0.00199
+el: name=Calcium ; =0.00023
+el: name=Iron ; f=5e-05

+el: name=Zinc ; f=3e-05

G4_ADIPOSE_TISSUE_ICRP : d=0.92 g/cm3; n=13 ;
+el: name=Hydrogen ; f=0.119477

+el: name=Carbon ; 0.63724
+el: name=Nitrogen ; f=0.00797
+el: name=Oxygen ; £=0.232333
+el: name=Sodium ; =0.0005

+el: name=Magnesium ; f=2e-05

+el: name=Phosphor ; f=0.00016
+el: name=Sulfur ; =0.00073
+el: name=Chlorine ; f=0.00119
+el: name=Potassium ; f=0.00032

+el: name=Calcium ; 2e-05
+el: name=Iron ; 2e-05
+el: name=Zinc ; 2e-05

Figure 2. Density and elemental composition of material
settings about G4_EYE_LENS_ICRP, G4_TISSUE_SOFT_
ICRP, G4_ADIPOSE_TISSUE_ICRP.

computational toolkit which has been developed to calculate
X-ray spectra based on the TASMICS algorithm, updating
previous work based on the TASMIP spectral model. The
SPEKTR toolkit includes a Matlab function library and
improved user interface along with an optimization algorithm
to match calculated beam quality with measurements [29].
The overall spatial geometric configuration of the Monte
Carlo simulation is shown in Figure 4.

GATE allows to simulate the dose distribution in

a phantom during photon beam irradiation simulation.

EERSEAEE  2023;20:1-13

Si02: d=2.2 g/cm3; n=2 ; state=Solid
+el: name=Silicon ; n=1
+el: name=Oxygen ; n=2

AL203: d=3.97 g/cm3; n=2 ; state=Solid
+el: name=Aluminium ; n=2
+el: name=0xygen ; n=3

Pb0: d=9.53 g/cm3; n=2 ; state=Solid
+el: name=Lead ; n=1
+el: name=0xygen ; n=1

Ca0: d=3.35 g/cm3; n=2 ; state=Solid
+el: name=Calcium ; n=1
+el: name=0xygen ; h=l

Ba0: d=5.72 g/cm3; n=2 ; state=Solid
+el: name=Barium ; n=1
+el: name=0xygen ; n=1

As203: d=3.74 g/cm3; n=2 ; state=Solid
+el: name=Arsenic ; N=2
+el: name=0xygen ; n=3

Sb203: d=5.2 g/cm3; n=2 ; state=Solid
+el: name=Antimony ; n=2

+el: name=0xygen ; n=3

Med-X: d=4.8 g/cm3; n=T; state=solid

+mat: name=Si02 ; =0.2630
+mat: name=Al203 ; =0.0310
+mat: name=Pb0 ; £=0.5220
Figure 3. The chemical composition setting data of Med-X

glass.

The ‘DoseActor’ is the measurement tool that is used
to store the deposited dose in a given box volume. We
record the radiation dose in the eye lens phantom. And set
‘EnergySpectrumActor’ to record the fluence and energy
deposition spectrum within the eyeball volume. The fluence
and energy deposition spectrum could be saved as a ROOT
file. The ROOT system in an Object Oriented framework for
large scale data analysis [30]. The energy distribution and
average energy data of the photons entering the object can be

read out through the tools provided by the ROOT framework.
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Figure 4. The spatial geometry of the Monte Carlo simulation including photon beam trajectories.

The unit of energy recorded in the ROOT format storage file

is million electron volts (MeV).

Result
The absorbed dose of the eyeball lens recorded by

Monte Carlo simulation experiments were shown in Table 1.
The radiation dose shielding ratio (shielding/ unshielding) of
different protective lenses under shading and non-shielding
conditions were shown in Table 2.

The energy distribution and average energy of the
photons entering the object read by the tools provided by the
ROOT framework are sorted into Table 3. The fluence and
energy deposition spectrum of the 140kVp X-ray simulation

were shown in Figure 5. In Figure 6, we can more intuitively

J Nucl Med Tech 2023;20:1-13

see the change in the number of photons incident on the
eyeball phantom under different energy photons and different

shielding materials.

Discussion

When x-rays or gamma rays penetrate the material,
certain photons interact with material particles and their
energy is absorbed or scattered. Attenuation refers to the
combination of absorption and scattering. Other photons
travel completely through the object without interacting
with any of the material’s particles. The number of photons
transmitted through a material depends on the thickness,
density and atomic number of the material, and the energy of

the individual photons. The photon energy absorbed per unit

Vol. 20 No. 1 December 2023
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Table 1. The absorbed dose (Gy) of the eyeball lens recorded by Monte Carlo simulation experiments.

140k Vp X ray 140keV Gamma ray 511keV Gamma ray
No filter 441x107° 6.57x107° 2.92x107
5mm PMMA 3.07x107° 6.09x107 2.77x107°
5mm Glass 2.89x107° 5.67x107° 2.65x107
5mm Med-X 131x107 3.11x107 227x107
0.5mm Lead 2.85x107 1.78x107 2.69x107
0.7mm Lead 1.39x107 1.05x107° 2.60x107

Table 2. The radiation dose shielding ratio (shielding/ unshielding) of various protective lenses under shading and non-
shielding situations.

140kVp X ray 140keV Gamma ray 511keV Gamma ray
Smm PMMA 69.66% 92.64% 94.93%
S5mm Glass 65.44% 86.28% 90.82%
Smm Med-X 0.30% 4.74% 77.60%
0.5mm Lead 6.46% 27.06% 92.00%
0.7mm Lead 3.16% 16.05% 89.12%

Table 3. Energy Spectrum Fluence of each simulation.
Photon Entries Mean Energy + SD (MeV)
140kVp X-ray 5.34x107* 0.061 +0.237
140kVp + Smm PMMA 4.79x10™ 0.062 = 0.237
140kVp + 5mm Glass 3.74x107° 0.065 = 0.023
140kVp + Smm Med-X 1.69x107° 0.088 +0.019
140kVp + 0.5mm Lead 4.00x10™ 0.078 £0.018
140kVp + 0.7mm Lead 1.96x107 0.080 £0.017
140keV Gamma-ray 5.39x107° 0.137+0.010
140keV + 5Smm PMMA 5.00x10™ 0.137£0.010
140keV + 5mm Glass 4.63x10™° 0.137£0.010
140keV + Smm Med-X 2.56x107 0.133+0.018
140keV + 0.5mm Lead 1.45x10™ 0.137£0.010
140keV + 0.7mm Lead 8.58x107 0.137£0.010
511keV Gamma-ray 5.33x107° 0.499 +0.053
511keV + 5Smm PMMA 5.09%x10™ 0.499 = 0.054
511keV + 5Smm Glass 4.88x10™ 0.498 = 0.545
511keV + 5mm Med-X 4.15x10™ 0.497 = 0.058
511keV +0.5mm Lead 4.93x10™ 0.499 = 0.053
511keV + 0.7mm Lead 4.78x10™ 0.499 = 0.054
RIEERBEE  2023;20:1-13 2023512 H 208 14
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140kVp X-ray Energy Spectrum Fluence
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Figure 5. The fluence and energy deposition spectrum of the 140kVp X-ray simulation.
6.00E+08
5.00E+08
4.00E+08
w
2
s
[t
'C 3.00E+08
o
2
0
=
o
2.00E+08
1.00E+08
0.00E+00 n I a
A A & I T -\— > O D N
@ 4
+,<° LA ‘.‘s“ “\é “\é\ & & oF “&b {\\ @ \’éb & \g,'o & & &
N . T (P o S LR S A L S e S
g @ & N N ¢ @ R A AT @ N N @ N A
TSI SR~ NI SR S L N S S
AR A A A A A G

Figure 6. Photon entries of the eyeball phantom under different energy photons and different shielding materials
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weight of matter is called radiation absorbed dose, and the
unit is Gray [22, 31, 32]. According to the current radiation
protection regulations, it is divided into deep dose, superficial
dose, and eye lens dose. Reduces stochastic effect risk by
limiting absorbed dose.

In order to achieve good ionizing photon shielding
efficiency and take into account the transmittance of visible
light, radiation protection glasses are usually made of lead
glass. Lead glass, sometimes known as crystal, is a kind of
glass in which lead substitutes the calcium element of potash
glass. Lead glass generally includes 18-40% lead oxide
(PbO). The Med-X glass used in this experiment is a type of
radiation shielding glass commonly used in hospital X-ray
scan departments.

Theoretically, radiation protection glasses are the
equivalent of a beam filter, causing the number of emitted
photons to decrease compared to the number of incident
photons. After the continuous energy spectrum of the X-ray
photon beam passes through the filter, lower energy photons
are more likely to be blocked, resulting in an increase in
the average energy spectrum of the emitted photons, this
phenomenon also known as beam hardening [33, 34]. The
results of the X-ray simulation experiment in Table 3 clearly
show that the average energy of the spectrum increases when
lenses of different materials are utilized. The maximum
dosage depth will theoretically increase and decrease with
photon energy [31-33], and the dose of the eye lens at the
shallow section will drop accordingly. It is a very logical and
intuitive hypothesis.

In Figure 4, we can clearly see that many photons
directly pass through the eyeball phantom, and we can also
see that some photons are scattered and deflected. These
scattering phenomena can occur in radiation protective
lenses, eye ball phantom or in the air. The photon is deflected
when it penetrates and interacts with the material, a process
known as Compton scattering, which lowers the energy of
the dispersed photon. A photon collides with an electron in
this process, giving the electron some of the photon’s energy.
The energy transfer causes the scattered photon to deviate

from its initial course. The importance of Compton scattering

EERSEAEE  2023;20:1-13

comes from the fact that it reveals important details about
the energy and direction of the incident photons, enabling
the identification of their fundamental characteristics.
According to the principle of Compton scattering, the energy
of scattered photons is related to the scattering angle, the
formula is as follows:

AN -A=(h/meC) * (1 - cos(0))

where A’ is the wavelength of the scattered photon,
A is the wavelength of the incident photon, h is the Planck
constant, me is the mass of the electron, and 0 is the
scattering angle. The dependence of the scattered photon
wavelength change on the scattering angle is also known
as the Compton scattering formula. From the Compton
scattering formula, it is evident that the wavelength shift (A’
- M) is directly proportional to the scattering angle (0) [32].
The wavelength shift grows as the scattering angle rises. As
a result, because energy is inversely related to wavelength,
the scattered photon’s energy diminishes. Therefore, we
can infer that as the scattering angle increases in Compton
scattering, the energy of the scattered photon decreases. On
the other hand, a tiny change in the photon’s energy occurs
when the scattering angle is small and there is little energy
loss.

Compton scattering probability is influenced by the
number of available target electrons for interaction. In denser
materials, such as those with a higher electron density,
there is a greater likelihood of interaction between photons
and electrons. Consequently, the probability of Compton
scattering increases with increasing material density [32-34].
In denser materials, the number of electrons per unit volume
is higher. This higher electron density leads to an increased
probability of photons encountering electrons, resulting in a
greater likelihood of Compton scattering events occurring.
The increased number of scattering events contributes to an
overall higher probability of Compton scattering in denser
materials. The radioactive isotopes used in the nuclear
medicine department emit extra radiation at much higher
energies than the average X-ray photon energy in radiology.
The gamma photons emitted by these radioisotopes are

single energy rays, which are different from the X-ray
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energy spectrum distribution. Single-energy photons, like
the 511keV gamma ray from the F-18 isotope, attenuate
and scatter after entering matter, resulting in a mixture of
primary energy peaks and dispersed low-energy photons.
Many workers instinctively assume that these scattered low-
energy photons will increase the superficial dose or eye
lens dose because low-energy photons release energy in the
superficial region as they penetrate the body. This could
be a misconception about radiation protection. According
to the findings of this study, the protective performance of
various radiation protection lens materials in 511keV and
140keV gamma photon simulations is not as good as in X-ray
simulation results, but the absorbed dose of the eye lens
still decreases. The statistics in Table 3 demonstrate that the
scattering phenomenon reduces the average energy of single-
energy gamma photons, as well as the photon flux entering
the eyeball, which is equal to lowering the eyeball’s radiation
exposure intensity. Experiments have shown that, while
the protective lens produces dispersed photons with lower
energy, the total absorbed dose by the crystal remains lower.

When choosing lead-based radiation protective
eyewear, several variables must be taken into account. These
aspects include the protective device’s fit, comfort, durability,
and radiation attenuation capabilities [35-38]. The results
of this simulation study reveal that radiation protective
glasses with 0.5mm or 0.7mm lead equivalent thickness,
which are routinely used in radiology departments, have
good protection performance under general energy X-ray
irradiation. The simulation findings also revealed that X-ray
protective glasses made of the same material or with the
same lead equivalent thickness cannot give the same level of
protection in the nuclear medicine department.

Radiation protection eyewear should fit securely, not
interfere with procedure performance, and be comfortable
to wear for extended periods of time [35-38]. According
to the experimental results, in order to achieve an optimal
radiation protection effect, the protective lens thickness must
be considerably raised, which will finally fail to meet the
practicability of the radiation protective glasses. It may be

an ideal alternative to install a heavy-duty protective plate

J Nucl Med Tech 2023;20:1-13

with a higher lead equivalent thickness at a fixed location
to cooperate with the inspection process of the nuclear
medicine department. These radiation shields’ robustness
is also crucial since it must be able to endure repeated use,
cleaning, and decontamination operations. Based on the three
principles of time, distance, and shielding, when sufficient
shielding protection cannot be guaranteed, it is still necessary
for nuclear medicine staff to pay attention to appropriately
reducing the exposure time and increasing the distance from
the radioactive source. By following the right procedures, the
nuclear medicine department can provide the best possible

eye protection against radiation exposure.

Conclusion
The results of this simulation show that lead glass of

the same thickness does have better radiation shielding effect
than other light-transmitting materials. The common 0.5mm
and 0.75mm lead equivalent radiation shielding glasses
can effectively shield the radiation dose caused by X-ray
irradiation, but under 511keV photon irradiation, the crystal

dose decreases but the protection effect is not good.
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Body Surface Area
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Split Uptake Interval (min)
Radiopharmaceutical
Presyringe Counts (Kcpm)
Postsyringe Counts {(Kcpm)
Net Injected Counts (Kcpm)
Method

Hematocrit

Gates GFR (DTPA)
Standard

Male

21

185.0 cm
86.0 kg
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1.73 mf
20-30
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2411

249
2163
Adult
0.00
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Table of Result Summary

14 15

Parameters Left Right Total
Split Function (%) 527 473

Kidney Counts (cpm) 55037 49362 104398
Kidney Depth (cm) 6.836 6.883

Uptake (%) 2.545 2.282 4.827
GFR (ml/min) 214 19.2 405
Normalized GFR {ml/min) 832
GFR Low Normal (ml/min) 90.0
Mean GFR (ml/min) 118.0
Renal Retention 0.568 0448

Time of Max (min) 0.200 0.250

Time of ¥2 Max (min) 210 16.0

Time from Max to ¥z Max {min) 20.8 15.7

¥E #EDetector3 /%
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Radiopharmaceutical 0.0 mCi 99m Technetium DTPA Time from Max to ¥ Max (min)

Presyringe Counts (Kcpm) 2521
Postsyringe Counts (Kcpm) 189

Net Injected Counts (Kcpm) 2332
Method Adult
Hematocrit 0.00

g6 #Detector30/2 4

B 7. BREEEARES 30 2297 H GFR £% 33 ml/min

o

WS BER » 5 B VR BRI T = 1 - g
R iR (7 A GFR T2 288 A 18 A& TEI00R 70 I 77)
A o DRI Fs i S0 AR RS L pilt up effect #2E < $EHEL
=7 AR IR s B (e s O e - BLfdnsAs
{5 AT LAREFRF 52 Gty B 7T T LU GFR SCfiE Ry HERE ML

SERR

1. glossary: pile-up_effect [Time-Resolved Fluorescence

Wiki] (tcspc.com)

EEFTEASE  2023;20:15-20

2. MERGRHE - el ~ SR BET ERREN e h - Bohy Bl
[#&H] (ebrary.net)

3. BERBEBHTT b E R EE A
https://www.hch.gov.tw/?aid=626&pid=8&page_
name=detail&iid=87

4. Study of Pile-Up Effects in Decay Energy Spectroscopy,
2022 209. p. 1070-1078

5. An analytical model of the effects of pulse pileup on the
energy spectrum recorded by energy resolved photon
counting x-ray detectors, 2010 Aug; 37(8): 3957-3969.
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Li-Ru Liu

Different distance between the radiotracer and detector that
in-fluence patient’s glomerular filtration rate

Li-Ru Liu
Nuclear Medicine Division, En Chu Kong Hospital

Abstract

Pill up effect may occur. In order to accurately distinguish between two different events, a (minimum) time is required
to distinguish be-tween two different events. This minimum time is called deadtime. Two situations occur when it is
shorter than deadtime

1. Two pulses are counted as one (count lost)
2. The final detected pulse height of any one pulse

we divide the full and empty needle distance detectors into two groups of 3 cm and 30 cm for comparison. It also
confirms that GFR is indeed overestimated. An improvement method can be to place the radiopharmaceutical and
the detector 30 cm apart to avoid the pillar up effect.

Key word: pilt-up effect

J Nucl Med Tech 2023;20:15-20
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B EREOH S RARAGE  HAEHEY RS -
BE: EFTHALTEFRTERIAA S #EM
EERXKAA c EHBE T EH ALK ¥ Taiwan
Accreditation Foundation (TAF) &%) o

WER BT RAA - TRFTERL L FH TAF £ - &R
TAF £#i@ &80 » A& S HRAF T ETARBEAH
5% > BARAE R MAEITHRER o

BUEM - AR AR B8 H ~ BT AT A RS %
PEE R F BB AR RAA -

o

FABEET : MM BT R R BM B > XA TAF

REEFZFRET 2023;20:21-24

Il

B

110 A7 11 3 2 58 3 i) A B e @ A1 > [/ 2017 45
A5 HERER 2 An i B8 91 22 B 587 28 15 B (I Vitro
Diagnostic Medical Device Regulation (IVDR)) » 5 HY X
WK R ) 32 B B R 2R M B B AT H5 4 (In-Vitro Diagnostic
Device Directive (IVDD)) © /£ FLAF AP » B g 7 Y
38k #L IVDR Y Communate Europpene (CE) #ii% ©
AT [ i > SR A B 3 S B AL B i sy - AT 2 Rl GER
P2 EAFERFT o BRI M AR ERAEHS 111 F 6 A

B2 HW 202312 A9 H

JEAEE © MRBEHE

Ut Hinl: « 2L EEPYUEE 280 SRR BB U S B 5=
3T (02) 2708-2121 ext.3161

ETE{} : work5halfday@cgh.org.tw

30 H o &5 H il LR st sE 4 19 58 » Hhgg
FEIAE 3L 15 78 > @G AFP ~ CEA ~ CA-125 ~ CA-199 ~
CA153 ~ PSA ~ Free PSA ~ CORTISOL ~ ACTH ~ i-PTH ~
IGF-1~TSH FT4~T3 ~T4; FAFHEAEA L4 &
% Chromogranin A (CGA) ~ Thyroglobulin ~ Testosterone
Osteocalcin © 55 4E ILIRTEERGE A FETS - (HAMA A2 E
Be A R BB B - IR L B s s B Ve e A s

MRIERTSE

— ETMBREENLSINT BRI AE Mg » ETMRE
ARG - HFMEZIEIT

(—) BUER RS A > 2 &S THIRE -

(=) Bt SR ETE Ut ER 2B -

(=) Al HIRA

(MY GFTE R A E MR -

(1) WBBEITE -

(7)) FRAEDBE -

() mEE AR R R A -

(V) TRAS PR A AR MDA TR 2 AT I -

(L) teBEIERE -

(1) HALBEBLEE ARG -

— - RERIFER

RFRE R AL B =P B « 26 —FHER 110 5 12 H £ 111
2 H o §IEE AFP ~ CEA ~ CA-125 ~ CA-199 ~ CA153 ~
PSA ~ Free PSA ~ Thyroglobulin ° 25 %% 111 1 A £
111 % 3 A » $4EFS CORTISOL ~ ACTH ~i-PTH ~ IGF-1 ~
Testosterone ~ Osteocalcin ~ CGA ° 55 =FEE 111 T2 AHZE
11154 A > TSH ~FT4 ~ T3 ~ T4 » THZt 111 £ 4 A 30 H
AT 42 B SE R, ©
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= EITERMY > FEsRE I
AF DR
A K5 % B (Precision) ~ FHEAE (Correlation) ~ YEfiE
& (Accuracy) & AY)22 % E] (Reference Interval) ©
(—) K55 (Precision) MG :
1. Within-run : [f]— &R — JGHEAEHE 10 X (£
V2 fERE ) - FE SD ~ CV%
2. Between-day : [A] — B W& RME 2 K (£
2 {EREE ) » HIER 5 K » HRUGEE 10 BREUEG T H
SD~CV% °
3.t W A HE Gt B within-run K between-day Z
mean > SD ~ CV% > & i a3 BH & 55T S
£ Precision & FOUSHIIE] o
( —) FHBAM: (Correlation) HIE :
1. AR BE AR« BE IR 295 A i 20 32 HoA )
wEB2HERENA g H 2% E R - 5
Wt B Beg e Az A vl HAHIE 10 32 -
2. WERTTE - R E A A& Rl A RS
TR G o A P ] B ] g Al
3. AR HE
() EEHEH : HEH R R2 = 095 > Bias% =
R TEa% °
() PREMHEE @ Wt —2% 95% LLE -
(=) HEHE (Accuracy)
1. ABES A« 8 22 /D W AN [FIR A ((RAE ~ = iE )
R e
2. HIETE R AN RNR I 2 B R 2 R
WIS K> 310 B - GRS RZ Target ©
3. SOMCHRHE « R S e VA A A
|7(] °
(VY W22 % 5 FE (Reference Interval) @ — &1 i ZH 1
A2 F M - B SRR (Bl A
MSAHRR ~ AT 2 HE - A S FE R A RIR
RE - IS EE DU R & 55 ) > AT E R A S A g
e it sl 2255 SRR o 7 S8 HAlRI B AN L[R]3 vk E2n IR
H AR IR AP 22 5 ] o
1. fREfRERIVIER A > &R A 104 - 24104
AR RS PR B E BRI T A
2. BT AREmEE < JEH E TR o
3. Higbass RIEE D 18 AR RE(EIREY 2%

J Nucl Med Tech 2023;20:21-24
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[ #EPA - BN A 2 H i R nT
VB EEM
M - ERFE Taiwan Accreditation Foundation (TAF) £&]
FHEG SEEATTRE SC 1
(—) aMb T
(=) tRHERIERZFE (SOP)
( =) FriHIZLHE (Precision ~ Accuracy ~ EVIZ2FE[H )
(VY ) #re& SEMRBEYE ( FRAE AR S A serum ~ plasma °
WA AR A T LT )

(o) #rad e R - BRI PR 3 1 T B
i)

(75 IR TR

(&) FHAHI A S

(V) NBEHE IR - NBgET)# ic ik
(L) B SERABATEA G 1 - TR N B (30 (G
SCEERR R (B PRSI & )

fm R

IR AR R T — L[ RE - PTH WEE R 3 /1
I > AR Bk AT R 1 /NN SR ISBDRABR )9
FERET o SRR RO K B PTH A B ik 2 {H A S
FERVIEE > BUTHIVE SRR R 2 AR A A 3t H A R i
IR o AFP H AR s 1 R R 482.0 ng/mL > #4554
R £ 850.0 ng/mL » FEIGABIL TR 2 AGREIE 0 - 76
TEE RS FAGHE RS TR > INILFREER E = AT ~
FEM Z R AKE NN o 68 b o B JRUREE T T 1 o TR
ARSI AR I R B R AR S R RS IE K © % JE S PEAA
Pl BT BRI (50 mi ¥ VEHIA 950 mL ZRf#f /K
rilfiR A 15)) s BEMIACRE (S EBCERIERS -
R TE A RO RIS > /KEBHZS > 10 MQ) » j2d5h
IR ZRBRIZK > DR X038 B 5 R o] 50 FH B B =2 2 Ak R
7K s -

EEEAAR o TR o FREE TAF S28) > TAF 42
BEiEE o A EHEAE R E IR R E R %
RN HIAEITHGAR -

FHREATA % o RS RI BT fAS © TR CEA
L > AEY2E BTN 5.0 ng/mL FEFEE/ MR 2.5
ng/mL ° 38§ H 3.0 ng/mL i3 Je Rl 5 HIIEF - BAE
2.8 ng/mL T EFIBAIES - Bl A fREEA Frik i - 155
LHEL R - BRI ESAE 2 - KEBH
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HBESERTL AN - SR ARG AE ST A Z AR - SR
PR IRRE ~ ANHHBERRHE B2 W # A W) 2% [ -
JFE g 1 9 2T R IR B o IR (L AH R 22 5 ST

HHERE B M 5.0 ng/mL o [MVRNERI LSRN [E1E » KT
EAAI A BUE AR L - (B4 2 R E 2 2 RE
5 EETEE PR A RE A LRI B > 73 2 3 ] At B e IR FE ST O -
S LS FHFI RS » AHRACRECR® = 0.998 > BU(H Bias%
B NP EEEE R E L Total allowable error (TEa) » 95% Lt
HHE AR - EE PR E 2R IE A 2 SRR 2K -

et U R R At e ) L ) BEIECRHT - 3P EL A £ P R Bk
W2 53 1 HIGRER > P R s 8 7 Bl i B ANl S
ZBEERIRREM) 25 5/ S.0ong/mL » B A5 & H AT CLIA
88 fHi#k CEA ZFGIKIRIERS 5.0 ng/mL © #7 & Lt A
B B A IR AT ) W BTRRE i 2= TS A 1 AR ) 2255 ] -
/N2 5.0 ng/mL ©

EEFTEASE  2023;20:21-24

AT BTl o ST ARy
Laboratory contingency strategy for reagent discontinued

g

SEHEAR S B AL B AR AT AT 3 TR R BRI IR AT %E
A & BB AR S A YE B0 AR B AT SO
18 JEA R IR g iR ik 5 L AR - 3 RIA BBR = E B E
KRR - MEPRATERR RIA SBIRAE AL - HARETEHE
#8715 JH RIA G » Hor 2 SEIEH A (LB m st
2 IEZRGM U - B R S R AR W LA NE R o
ek B Rete A PE AR AR E ST - (HREELE
B = EHAGEA T 2 BRI » B 5 R A PR s R T ~
i ~ (PRI RIE ST -

anh

e

1. BiochemiaMedica 2015; 25(2):141-51 °

2. 1SO 15189 B&E2 &l % 5y Bl RE /) 2K (TAF-CNLA-
R02(4)) °
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Laboratory contingency strategy for reagent discontinued
Ya-Chieh Fang', Pu Han', Peng-Chia Chen', Chia-Hsuan Wang', Ching-Ling Lin'?

'Department of Laboratory Radioimmunoassay, Cathay General Hospital, Taipei, Taiwan
’Department of Endocrinology and Metabolism, Cathay General Hospital, Taipei, Taiwan

Summary
Background: The contingency strategy for the laboratory when facing the supplier discontinues the reagents supply.

Method: (i) Marketing survey processing, searching for alternative reagent supplier.
(ii) Choosing and Testing, finalize the appropriate one. Scheduling the changes.
(iii) Notify Taiwan Accreditation Foundation (TAF) apply for the changes.

Result: (i) Reagent select, complete the evaluation report and apply for the changes.
(ii) Following TAF’s approval of changes, announce the changes, providing complete information for
reference.
(iii) According the announced schedule processing the reagent change.

Discussion: Build up SOP for various situations: Reagent out of stock for short period, reagent discontinued.

Key word: In Vitro Diagnostic Medical Device Regulation, Reagent, TAF

J Nucl Med Tech 2023;20:21-24
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' EAERAEE G R

P h BRI B BRI BE ST R R

T BRI

2

! E R B S TR

W E
BERMIFEHAEDE T FEAEERSRT
Ferf o TRABEAARRESTRLE  REBR LR
SHAER] ~ BRITRBRITRE - ABEMER--F 0 Bla
B REREFH T ERERERFLETIER - BT
ERL—KGFHABRARSETLREE Rk
B ARREBEZEGOIMEAARRTEREZIER
BHXBERPREE  RE TGRSR ZE
FAFRRERFABGIREARA - BLEREEHI > A
B RIBRAR M SRAZ R 0 BIBRSRAL R 4238 K SN0 & RAYIRAE
i EBIEEEEATRERER TR A TR ERESH

FREEET : F AR X B R PIBR - BOR AT MAHIET R
B

BE R ERET 2023;20:25-36

Rl =
P B BRI R (0 IR B R Y E - BT ha
B FRErET - GERSEYITERR IR ~ CIARGED R ANE
IR~ R AR SRR B - 555 » #0 AT REEEUCH
PEVTHE (1] © FMRE B VEYE ME PR EGE BB LT
Gejm\l - = AT RE RS TIF A B MAREA - ¥ AR
RS o M EE B4R » (RS IER B e
Pra R pE RS Al REPBE T RAE R - EBURHEYE
HAE N B R ARG - 58 R T e R e - TRt
A0 AR] I ELAH I TR VR R iR A Y -

B2 H - 2023 12 A 13 H

SRS - S5t

Wk sk - SR e TTVG T [ A0S 4 B 1650 57
3T (04) 2359-2525 ext.4800

EEF ¢ sctsai@vghtc.gov.tw

IR E ORI E TS A R T R R A
I5F > N BRI 22 2 (560 T i 1B 78 1 B 2 5 TRUA v 4
Jg [ 1Y) ST JE e 2 At O FE 2B R AR &l Mountford
PJ. 2 1991 (4 Hi 52 B 0 B8 ST Y i i (R 1% (2]
EFEEME R G FRURLRE ~ BRIT IR ~ FEbiliT e dsni -
%o IR e E P AR FR2 P (Standard Operation
Procedure; SOP) » 11 Bl i P 55 {4 [A] 5% 28 21 8 il 7 % il
ANETE RS SRR ~ B TIE A BT AR LABE R
HICHERREEE PR ZREF LR (A8
AR~ BB - BEE B ) )T BRI 2 BLHRR
I CIER A B - (B{F 2 7 2 B R B
TR BEPHT YBRyT A & 6 A R B RE RS 1
AR o IR R R B PR R R R A B A =
IR #I%# (Objective Structured Clinical Examination; OSCE)
K P — R B % o

F S A R PRI B A 772 FH 95 Harden 58 A
£ 1975 F 5 B H 3] 0 R — R LIF By 77 P 4
e BiM AR I HUFF & T B [4] ° 2015 - Hussain
R. 58 WAL B8 AT U PR AT e < S S R A L Bl e e AT
fii (Objectively Structured Assessment of Technical Skills;
OSATS) ° OSATS J&— 1 OSCE &8 fi I 55 » 3% 1 B %
TEE R R RIGI B E B » RIEFHE TR (5] - &
#X Hussain R. B 37 AR PET Be i 18 7 il 5% - (H
AR SRR e H e B AR B E A R IR RSETT
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RS REBUERRTIFT A HAR R
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BRIREfE] o 2% & MUN ISR A ¥ OSCE #l%ai A% -
AT IV BE A AT AL AR AR > BRE AR R L OSCE
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An OSCE Teaching Case for the Management of Radioactive Contamination
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(knows how) Z 2 1% THEIEMEZRIA 1 (shows how)
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Establishment of an Objective Structural Clinical Examination
(OSCE) Teaching Case for the Management of Radioactive
Contamination in Nuclear Medicine

Jui-Yin Kungl’z, Yao-Wen Chen', Yu-Hsueh Chen’, Jyun-Hao Chen’,
Zu-Yi Hsieh™, Chen-Jung Chang®, Shih-Chuan Tsai'*"

'Department of Nuclear Medicine, Taichung Veterans General Hospital, Taichung, Taiwan
’Department of Medical Imaging and Radiological Science, Central Taiwan University of Science
and Technology, Taichung, Taiwan
*Department of Medical Education, Taichung Veterans General Hospital, Taichung, Taiwan
*Division of Allergy, Immunology and Rheumatology, Taichung Veterans General Hospital, Taichung, Taiwan

Abstract

Nuclear medicine departments frequently utilize unsealed radioactive substances, and in the event of radioactive
contamination, it is crucial for personnel to respond accurately and swiftly. The process of handling radioactive
contamination includes radiation detection, controlling the spread of contamination, decontamination procedures,
personnel monitoring, etc. Our department has established standardized operating procedures for handling such
incidents and conducts regular drills. In order to objectively and consistently assess the proficiency of staff in
responding to radioactive contamination, we developed the first Objective Structured Clinical Examination (OSCE)
for radioactive contamination response in a nuclear medicine department in Taiwan. The OSCE protocol comprises
comprehensive scenario simulations, guidance for standard patients and healthcare providers, instructions for
examinees and examiners, and relevant assessment forms. The assessment forms underwent evaluation by internal
and external experts, and the Delphi method was employed to analyze the importance and feasibility of the test
items.

Key word: Objective Structured Clinical Examination, Scenario Design, radioactive contamination
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Comparative Analysis of Sensitivity Correction Method
Using Collimator and Original Inspection Method for Quality
Management in Renal Functional Imaging

Tien-Hsin Chang, Ching-Yuan Chen, Hsin-Chieh Yeh, Wan-Ju Liu

Taichung Tzu Chi Hospital, Buddhist Tzu Chi Medical Foundation, Taichung, Taiwan

Background: Kidney disease prevails markedly in Taiwan. As per Taiwan's Department of Health, chronic kidney
disease's prevalence rate stood at 18.6 per thousand individuals in 2021. Noteworthy are the prevalence rates
of diabetic nephropathy and hypertensive nephropathy, reaching 8.3 and 7.3 per thousand, respectively. Kidney
disease ranks among Taiwan's prevalent chronic ailments. The aging demographic further augments kidney disease
prevalence due to age-related renal function decline, placing substantial strain on healthcare and medical resources.
Notably, kidney disease expenses lead health insurance expenditure.

Nuclear medicine's role in assessing renal function, particularly in compromised states, is pivotal. It aids clinicians in
discerning proper kidney functionality and drug metabolism rates, thereby serving as a cornerstone for diagnosing
kidney ailments, evaluating damage extents, and monitoring function shifts.

Methods: An exploration into effective renal plasma flow (ERPF) encompassed 76 patients (54% male, 46%
female). Drug dosages pre and post-injection were gauged. Collimator sensitivity (CS) quantification to ascertain
counting efficiency ensued. A median CS of 2053 emerged. The GE Xeleris 3.0 workstation facilitated data analysis,
with consistent technician-delineated regions of interest (ROl). ERPF computation methods were juxtaposed:
original versus LEHR-adjusted.

Results: Via IBM SPSS Statistics version 25, paired samples t-tests and Bland-Altman analyses transpired. A
substantial correlation (0.996) and insignificance (p = 0.000) denoted agreement between the two methods. Bland-
Altman plot analysis affirmed the accord, signifying robust consistency.

Discussion: Traditional nuclear medicine departments grapple with demanding timetables. Incorporating the
revised collimator technique, efficiency ameliorates, invigorating workflow. Analogous strategies extend to semi-
quantitative analyses like glomerular filtration rate measurements. The revised collimator method offers clinical
merits: streamlined and efficient examinations, invaluable for bustling high-volume departments. Efficiency
optimization, count accuracy refinement, and sensitivity adjustments culminate in precise ERPF calculations.
Augmented workflow truncates patient waiting periods, augmenting overall satisfaction. Abbreviated examination
durations enhance patient comfort. Enhanced imaging efficiency accommodates heightened patient throughput,
potentially mitigating appointment backlogs.

Key word: ERPF, QA , Renal function
J Nucl Med Tech 2023;20:37-44
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False Positive of FDG uptake at the surface of left upper arm
due to injection site of COVID-19 vaccine on PET/CT
images - Two Case reports

Li-Chun Wu', Yu-An Yen', Chiang Hsuan Lee'?

/Department of Nuclear Medicine, Chi Mei Medical Center
’School of Medicine, Kaohsiung Medical University

Abstract

The common side effects of COVID-19 vaccination include pain, redness, hardness, and tenderness at the
injection site. Typically, these symptoms will alleviate within the next 4 to 5 days. Although the surface symptoms of
injection may subside, the duration of pathological or microscopic changes is unknown. It is known that Fluorine-18
fluorodeoxyglucose (FDG) shows increased accumulation in inflammatory reactions, suggesting a correlation
between FDG uptake and vaccine-induced inflammation.

In two case reports, during the execution of a comprehensive PET scan (including hands and feet), unexpected FDG
uptake was observed on the surface of the left upper arm. In case 1, a recurrence of nasopharyngeal carcinoma
(NPC) was discovered, with additional FDG uptake in multiple small lymph nodes in the left axilla. In case 2, a
recurrence of lymphoma was identified, with no clinical symptoms observed during routine examinations.

Upon reviewing the history, both patients had received the COVID-19 vaccine in the same location three months
prior. After a one-year follow-up, there were no visible abnormalities at the injection site, suggesting that the PET
uptake lesions at that time were solely due to the inflammatory response induced by the COVID-19 vaccine.
Therefore, when encountering similar patients in the future, it is advisable to inquire about the patient's recent
COVID-19 vaccination record to avoid false positives.

Key word: COVID-19 vaccine, FDG, PET, injection site, false positives
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Image Discussion on Incidental Parathyroid Uptake on 18-FDG
PET/CT in Lymphoma Patient: A Case Report

Hsiu-Lan Chu', Wei-Jheng Yen', Hui-Chen Yu?

'Department of Nuclear Medicine, Kaohsiung Medical University Hospital,
Kaohsiung Medical University, Kaohsiung, Taiwan
’Department of Medical Imaging, Kaohsiung Medical University Hospital,
Kaohsiung Medical University, Kaohsiung, Taiwa"

Abstract
This case report discusses a patient with lymphoma who underwent 18-FDG positron emission tomography/

computed tomography (PET/CT) scanning and was found to have a suspicious abnormal uptake in the parathyroid
gland. It was recommended that the patient undergo Tc-99m MIBI parathyroid function test and further localization
by single photon computed tomography/computed tomography (SPECT/CT). With SPECT/CT localization images, it
was confirmed that the abnormal uptake was not cancer metastasis but due to parathyroid hyperfunctioning.
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