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Investigation of Different Components of Parallel-Hole
Collimator Response to Different Radioisotope Energies Used in
Nuclear Medicine Imaging
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Introduction: The quality of images obtained from the nuclear medicine imaging systems depends on different factors. One of the
most important of these factors is the geometrical and physical characteristics of collimator used for imaging with a given radioisotope.
Aims and Objectives: The aim of this study is to investigate the contribution of different components of collimator response for determining
the most suitable parallel-hole collimator for the different radioisotope energies used in nuclear medicine imaging. Materials and Methods:
In this study, the SIMIND Monte Carlo simulation program is used to determine the contribution of geometrical, penetrating and
scattered response components of four hexagonal parallel-hole collimators including low-energy high-resolution (LEHR), low-energy
general-purpose (LEGP), medium-energy general-purpose (MEGP), and high-energy general-purpose (HEGP) collimators, for 12 different
energies used in nuclear medicine imaging. Results: According to the simulation results, the use of both the LEHR and LEGP collimators
leads to a geometrical component above 60% for energies between 69 and 171 keV. On the other hand, for energies between 185 and
245 keV, the MEGP collimator and for energy of 364 keV, the HEGP collimator gives the geometrical components above 70% and 60%,
respectively, while for energy of 511 keV, the geometrical response of all four collimators is below 20%. Conclusion: The results of this
study show that for two low-energy single-photopeak radioisotopes, Tc-99m and 1-123, the LEHR and LEGP collimators, and for high-energy
single-photopeak radioisotope, I-131, the HEGP collimator are most suitable collimators. For dual-photopeak In-111 radioisotope and
triple-photopeak Ga-67 radioisotope, the MEGP and HEGP collimators and for triple-photopeak T1-201 radioisotopes, the LEHR and
LEGP collimators are proposed as most suitable collimators.
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INTRODUCTION collimator response to the gamma rays emitted in different
directions. Furthermore, the used collimator determines the
geometric field of view, and affects the spatial resolution
and the sensitivity of the imaging system, significantly. The
four main types of collimators are used in nuclear medicine
imaging, including the parallel-hole, diverging-hole,
converging-hole, and pin-hole collimators. Each of these
collimators may be used depending on the region being

The quality of images obtained from the nuclear medicine
imaging systems is affected by different factors such as the
physical properties of detector!!-* and collimator,*> image
reconstruction algorithms,®” photon attenuation®!% and
scattering,!''!¥ and patient motion.["*!¢1 The use of a suitable
collimator when imaging with a given radioisotope is an
essential factor to produce the high quality images. The
collimator is usually a thick lead sheet containing a large
number of fine holes that provides accurate information Department of Physics, Faculty of Science
about the initial emission location of the photons by University of Mohaghegh A’rdabili, Ardabil, T
restricting the incident photon acceptance angle.!'” The E-mail: nooriasl. mahsa@gmail.com
combination of three parameters, including hole diameter,
septa width, and collimator thickness determine the
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imaged. Among these, parallel-hole collimators are
commonly used in clinical imaging.['®!

In an ideal parallel-hole collimator, only those photons
that travel parallel to the collimator holes can pass through
the holes and reach the detector surface.*! Therefore, an
ideal collimator should be large enough in thickness and
small enough in hole diameter to remove all the photons
with other directions. On the other hand, to increase the
sensitivity of the imaging system, thinner collimators with
larger hole diameters are required, which lead to reduce
the spatial resolution of the imaging system due to the
increased photon acceptance angle. Therefore, to avoid
excessive loss of sensitivity and spatial resolution, it is
necessary to choose an optimal collimator thickness and
diameter between these two limits. In general, the response
of collimators used in the imaging systems consists of three
separate components: geometrical, penetrating, and scattered
components'” [Figure 1]. The geometrical component is
related to the photons that pass directly through the holes
of collimator. The penetrating component is the part of the
collimator response in which, the photons pass through the
septa material without interaction. Finally, the scattered
component corresponds to the scattered photons in the
collimator septa that reach to the detector surface. The
contributions of these components change with the photon
energy, the collimator design, and the source-collimator
distance.% Obviously, a suitable collimator for radioisotope
imaging should have the highest contribution of geometrical
component and the lowest contributions of penetrating and
scattered components.

In this study, Monte Carlo simulation was used to investigate
the contributions of geometrical, penetrating, and scattered
response components of low-energy high-resolution
(LEHR), low-energy general-purpose (LEGP), medium-
energy general-purpose (MEGP), and high-energy
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general-purpose (HEGP) parallel-hole collimators by
imaging a point source.

MareriaLs AND METHODS

In this study, the SIMIND Monte Carlo program (version 6.2)
was used to simulate the single-photon emission computed
tomography (SPECT) imaging system with four different
hexagonal parallel-hole collimators including LEHR, LEGP,
MEGP, and HEGP collimators. The geometrical characteristics
of these collimators are given in Table 1 and Figure 2. A point
source in air was used to investigate the different components
of collimator response. The reason for using the point source
without attenuating medium was to remove the complexities
associated with the interactions of emitted photons before
reaching the imaging system. This study was performed on
12 different energies: 11 different radioisotope energies used
in SPECT and 511 keV energy of annihilation photons used
in positron emission tomography. The characteristics of six
widely used radioisotopes in SPECT imaging are given in
Table 2. Furthermore, the energy spectra of these radioisotopes
are shown in Figure 3.

ResuLts

The results obtained from the simulation of four studied
parallel-hole collimators for 12 different energies are given
in Table 3 and Figures 4-7.

Figure 4 shows the results obtained from the simulation
of LEHR collimator. From this figure, we can see that the
geometrical component includes more than 60% of the
collimator response for energies between 75 keV and 185 keV.
For energies between 245 keV and 511 keV, this component

Figure 1: lllustration of three main components of the parallel-hole
collimator response

Figure 2: lllustration of different parameters of the hexagonal parallel-hole
collimator

Table 1: The geometrical characteristics of four hexagonal parallel-hole collimators (cm)

Collimator type Hole size (x) Hole size (y) Distance between two Distance between two Collimator
holes in x-direction (Ax) holes in y-direction (Ay) thickness (f)
LEHR 0.15 0.173 0.02 0.121 35
LEGP 0.19 0.219 0.02 0.144 35
MEGP 0.3 0.346 0.105 0.355 5.8
HEGP 0.4 0.462 0.18 0.543 6.6

LEHR: Low-energy high-resolution, LEGP: Low-energy general-purpose, MEGP: Medium-energy general-purpose, HEGP: High-energy general-purpose
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decreases to below 7% and the penetrating component
increases from 26.12% to 80.70%. On the other hand, the
scattered component shows an increasing and decreasing
behavior, so that the maximum value of this component
occurs at the energy of 245 keV (30.70%). The effect of
decreasing the geometrical component and increasing the
penetrating and scattered components at energies higher than

Table 2: The characteristics of common radioisotopes
used in SPECT imaging

245 keV appears as a star artifact around the point source
image.

From Figure 5, a similar behavior is observed when using the
LEGP collimator. For energies up to 159 keV, the geometrical
components do not show significant differences with the
results of the LEHR collimator. For the energies of 167, 171,
and 185 keV, the contribution of this component decreases
more than 10% compared to that for the LEHR collimator,
so that at energy of 185 keV, the value of this component
reduces to below 50%. The remarkable point is that the values
of geometrical and penetrating components at the energy of

Radionuclide t,(h Emission type Energy (keV ..
o 1:0(2) T L ?Zo( ) 185 keV are comparable to each other, this is clear from the
2°‘T1C % Y’EC 68 (Xeray), 135, 167 point source image as well. As can be seen, unlike the LEHR
Y, -ray), 135, . ; . . .
i 3 1. EC 159 colﬁmator, ther;: isg a sliar artifact around the point source image
“Ga 78.1 v, EC 93, 185, 300 at the energy of 185 keV.
"n 67.2 Auger ¢, EC 171,245 From Table 1, due to the increase in hole diameter, distance
3 . .
1 192.5 v, IT 364 between holes and collimator thickness of the MEGP and
|TI-201 Tc-99m
o 25 :
£ ® g 2 £
g ® S s 8
s 15 § g %
N T 1 z
T : g Qs
‘zo‘ 5 iz 0.5 Z 03
0 0
“§ B o o B0 10 B0 o 460 1 90 o 0 20 40 160 30 400 120 140 160 150 200 ;220 20 40 60 80 100 120 140 160 180 200 220
Energy (keV) Energy (keV) Energy (keV)
Ga-67 In-111 I-131
14 18 035
2 12 2 s 2 03
E 0.8 E - é 0.2
2 os T 3 015
5 04 5 g o1
“ 02 “ 03 Z 005
0 0
g 0 50 100 150 200 250 300 350 400 450 30 60 90 120 150 180 210 240 270 300 330 0 50 100 150 200 250 300 350 400 450 500
Energy (keV) Energy (keV) Energy (keV)

Figure 3: Energy spectra from simulation of a point source in air for six widely used radioisotopes in SPECT imaging. SPECT: Single photon emission

computed tomography
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Figure 4: Diagrams of geometrical (g), penetrating (p) and scattered (s) components of the LEHR collimator response for 12 different energies together

with corresponding images. LEHR: Low-energy high-resolution
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Figure 5: Diagrams of geometrical (g), penetrating (p) and scattered (s) components of the LEGP collimator response for 12 different energies together

with corresponding images. LEGP: Low-energy general-purpose
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Figure 6: Diagrams of geometrical (g), penetrating (p) and scattered (s) components of the MEGP collimator response for 12 different energies together

with corresponding images. MEGP: Medium-energy general-purpose
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Figure 7: Diagrams of geometrical (g), penetrating (p) and scattered (s
with corresponding images. HEGP: High-energy general-purpose

three energy windows for triple-photopeak radioisotopes,
Ga-67 (30%, 20% and 15% windows centered at 93, 185,
and 300 keV, respectively) and T1-201 (30%, 20%, and 20%
windows centered at 68, 135, and 167 keV, respectively). In
the next step, from the total counts and the percentages of
geometrical, penetrating and scattered components obtained
for each windows, we calculate the total contribution of
each these components for the LEGP, MEGP, and HEGP
collimators. Figures 9 and 10 show the results obtained

s) components of the HEGP collimator response for 12 different energies together

from these simulations. Due to the similar behavior of
low-energy collimators, only the LEGP collimator response
is investigated here.

From Figure 9, we can see that the use of LEGP collimator
when imaging with In-111, results in a very low geometrical
component (about 11.4%) and a very large contribution of
penetrating component (more than 60%). This appears as a
star artifact in the point source image. On the other hand, by
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Figure 8: Profiles from an arbitrary slice of the point source reconstructed images for three energies of (a) 159 keV, (b) 245 keV and (c) 364 keV
by using LEHR, LEGP, MEGP, HEGP collimators. LEHR: Low-energy high-resolution, LEGP: Low-energy general-purpose, MEGP: Medium-energy

general-purpose, HEGP: High-energy general-purpose
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Figure 9: Diagrams of geometrical (g), penetrating (p) and scattered (s)
components of the response of the LEGP, MEGP and HEGP collimators
for dual-photopeak Indium-111 radioisotope. LEGP: Low-energy
general-purpose, MEGP: Medium-energy general-purpose, HEGP:
High-energy general-purpose

using the MEGP and HEGP collimators, the contribution of
the geometrical component increases to more than 90% and
the contributions of undesirable penetrating and scattered
components decrease to below 6% and 3%, respectively.
The clear images of the point source confirm these results.
The results from the simulations of triple-photopeak
radioisotopes, T1-201 and Ga-67, are shown in Figure 10.
From this figure, the results for Ga-67 are approximately
similar to those for dual-photopeak In-111 radioisotope.
The reason for this result is that three photopeaks of Ga-67
are placed in different three energy ranges (93, 185, and 300
keV in low, medium, and high energy ranges, respectively).
In the case of T1-201 with three low-energy photopeaks,
the use of all three collimators gives approximately same
results.

DiscussioN AND CoNcLUSION

According to the simulation results, when using the low-energy
single-photopeak radioisotopes, Tc-99m (140 keV) and
[-123 (159 keV), the best choices are the LEHR and LEGP
collimators. From Table 1, all physical characteristics of these
two collimators are the same except the diameter of holes. Due
to this difference, the LEGP collimator is used when producing
the images with more sensitivity is desired, and the LEHR
collimator is chosen to produce the higher contrast images.
For the high-energy single-photopeak radioisotope, I-131 (364
keV), only in the case of the HEGP collimator, the contribution
of the geometrical component is approximately twice the sum
of contributions of the other two components (66.28% vs.
33.72%). Therefore, among the four studied collimators, the
HEGP collimator is the only suitable option for imaging with
this radioisotope.

In the case of In-111 radioisotope with two main photopeaks
(171 keV and 245 keV), both the MEGP and HEGP
collimators give desirable results. However, it should be noted
that although the HEGP collimator shows a slightly higher
contribution of the geometrical component compared to the
MEGP collimator, but, due to the increase in the volume of the
collimator material and the increase in the diameter of holes,
the number of counts, and also, the image contrast decreases
when using the HEGP collimator. Therefore, due to more
sensitivity and higher spatial resolution, the MEGP collimator
is a more suitable option when using this radioisotope.

On the other hand, for imaging with triple-photopeak Ga-67
radioisotope with three photopeaks in different energy
ranges (93, 185, and 300 keV in low, medium, and high
energy ranges, respectively), similar to dual-photopeak In-111
radioisotope, both the MEGP and HEGP collimators can be
used. In the case of second triple-photopeak radioisotope,
thallium-201, all three collimators give almost similar results
for the contributions of three components. However, for more
sensitivity and higher image contrast, the LEHR and LEGP
collimators are proposed as a most suitable collimators for
imaging with this radioisotope.
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Figure 10: Diagrams of geometrical (G), penetrating (P) and scattered (S) components of the response of the LEGP, MEGP and HEGP collimators for
triple-photopeak radioisotopes, Gallium-67 (left) and Thallium-201 (right). LEGP: Low-energy general-purpose, MEGP: Medium-energy general-purpose,
HEGP: High-energy general-purpose

Finally, from the simulation results, none of the four studied
collimators give an acceptable result for the energy of 511
keV. Therefore, it is necessary to design a suitable collimator

for
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high-energy radioisotope imaging.
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