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Purpose: The study proposes the use of three-dimensional CdZnTe Compton camera (3D-CZT CC) for radio-
pharmaceutical imaging and investigates the influence factors using a 3D-printed mouse phantom.

Methods: The event selection method and image reconstruction algorithm are optimized by Monte Carlo simu-
lations and mouse phantom experiments.

Results: Simulation results show that the intrinsic energy resolution and spatial resolution of 3D-CZT cause a
certain deviation in the calculated Compton scattering angle and Compton axis. Such deviation causes the im-
aging quality to deteriorate. By selecting events whose distance between Compton and photoelectronic in-
teractions are larger than 10 mm, the mean deviation of the Compton axis could be reduced to less than 10%.
Using the ordered origin ensemble algorithm with resolution recovery, the artifacts around organs where the
radiopharmaceutical was placed are reduced, and the quality of the reconstruction results are improved
compared to the results with simple back projection and origin ensembles algorithms. The phantom study shows
that the 3D-CZT CC imaging device could visualize the radiopharmaceuticals distribution by 15 min detection.
Conclusions: Through the analysis of this study, the feasibility of 3D-CZT CC for in-vivo distribution measurement

of radiopharmaceuticals is demonstrated, and the quality of reconstruction result has been improved.

1. Introduction

Radiopharmaceuticals are drugs labeled with specific nuclides, and
they have been widely used in functional imaging and cancer treatment
[1,2]. Radiopharmaceutical imaging can offer accurate diagnoses,
enhanced visualization, and effective individual treatments for a range
of diseases [1,3]. At present, positron emission tomography (PET) and
single-photon emission computed tomography (SPECT) are the most
commonly used medical imaging techniques for nuclear medicine [4].
With the development of medical imaging technology, higher re-
quirements are put forward for imaging devices, such as the wide
detectable energy range, excellent energy resolution and spatial reso-
lution, et al [5]. In contrast, PET can only measure 511 keV gamma rays,
whereas SPECT usually detect the gamma ray emitting tracers with
energy less than ~300 keV [6]. In addition, SPECT cannot achieve high
detection efficiency due to the mechanical collimator [7]. To address the
limitation of the energy of gamma rays and realize high detection
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efficiency and high spatial resolution, Compton Camera (CC) based on
electronic collimation was proposed for medical imaging [8,9].

CC has been extensively studied in terms of theoretical feasibility
analysis and equipment optimization [10-12]. According to the struc-
ture of the detector, CCs are divided into two main categories, i.e.,
multilayer CC and single-layer CC [13-15]. Multilayer CCs have been
widely studied, and a large number of related clinical medical imaging
experiments have been carried out. S. Liprandi et al developed a CC
prototype for ion beam range monitoring which consists of a stack of 6
double-side silicon strip detectors as scatter component and a large
monolithic LaBrs(Ce) scintillation crystal as absorber components [16].
M. Sakai developed a medical imaging technique using a CC, which
consisted of one layer of Si detector and three layers of cadmium
telluride detectors [17]. In contrast, Cdgy 9Zng 1 Te (CZT, density is 5.8 g/
cm®) is a kind of semiconductor which can be used at room temperature,
so the detectors based on CZT have attracted extensive attention. Some
CCs based CZT have also been developed and applied to medical
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Fig. 1. Principle of 3D-CZT CC. (a) Schematic of the true event of the 3D-CZT Compton camera. ycqpering is the Compton scattering angle. The red dotted line is the
Compton axis. The blue dotted line is Dycqter absors- (b) Theta and Phi angles of Compton axis in spherical coordinate system. (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this article.)

imaging research. C. Golnik et al developed a Compton imaging proto-
type to monitor proton range which consists of a CZT cross strip detector
as a scatter plane and three BGO block detector as absorber plane [18].
With the development of crystal growth technology and circuit readout
technology in recent years, the three-dimensional coordinates of the
photon interactions in a single CZT crystal can be obtained. Thus, a
single CZT crystal can be used as a single-layer CC with the depth of
interaction (DOI) technique [19]. Relative to multilayer CCs, the three-
dimensional CZT (3D-CZT) CC has the advantages of large field of view,
high energy resolution and spatial resolution [20,21]. Some groups have
successfully developed such devices [19,22]. E. Draeger et al used an
equipment consisted of four separate 3D-CZT CC to monitor the proton
range through detecting the distribution of prompt gammas emitted
during the irradiation [23].

Although the 3D-CZT CC shows great performances, no study has
explored its use in radiopharmaceutical imaging. Therefore, this work
proposes the use of the single-layer 3D-CZT CC in radiopharmaceutical
imaging. The event selection method based on event distance is pro-
posed to reduce the deviation of the Compton scattering angle and
Compton axis. In the aspect of reconstruction algorithm optimization,
the ordered origin ensemble algorithm with resolution recovery (OE-
RR) is used to eliminate artifacts in reconstruction images. The perfor-
mance of this imaging device in medical imaging is then evaluated by
conducting radiopharmaceutical measurement experiments on the basis
of a mouse phantom.

2. Materials and methods
2.1. Compton camera and image reconstruction algorithm

The CC reconstructs the origin of gamma sources by employing
Compton kinematics. When an incident gamma ray causes a Compton
scattering reaction in the detector, the scattered photon can be further
absorbed by the photoelectric effect [24]. The Compton scattering angle
can be calculated by combining the positions and energy deposition of
the two reactions (i.e., Compton scattering and photoelectric event), as
shown in Equation (1):.

m,c*E,

_EZ(EI +E) L

cosd =1
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where Ej is the energy deposited in the Compton scattering, E, is the
energy deposited in the photoelectric effect, and m,c? is the rest mass
energy of an electron.

The principle of the 3D-CZT CC is shown in Fig. 1(a). The Compton
axis is the connecting line between the position of a scattering event (i.
e., Compton interaction) and an absorbing event (i.e., photoelectronic
interaction). The three-dimensional spatial position of the Compton axis
can be represented by a theta angle (04s) and phi angle (Phi) in the
spherical coordinate system, as shown in Fig. 1(b). We define Dscater -
absorb as the distance between the positions of a scattering event and an
absorbing event.

To reconstruct the radiopharmaceutical distribution, we use three
types of algorithms, i.e., simple back projection (SBP), origin ensemble
(OE) and ordered OE-RR. SBP is the simplest and fastest algorithm to
obtain the distribution of radioactive sources, but it generates many
artifacts in the reconstruction images. The process of OE iterative
reconstruction is equivalent to the Markov Chain Monte Carlo sampling
of the probability distributions of origin locations corresponding to the
acquired data [25]. OE-RR algorithm obtained the representative points
on the “guess” cones determined by randomly corrected data corre-
sponding to the measured data, which samples from the distributions of
the positions of interactions in projection elements and deposited en-
ergies [26]. Recently, an ordered OE-RR was proposed to accelerate the
speed of OE iteration with resolution recovery [27]. In this study, we use
the ordered OE-RR to recover the degraded images caused by the finite
spatial and energy resolution of the CC prototype and thereby obtain
better reconstruction. The number of iterations for reconstruction of all
results is 10000. The size of imaging plane is 10x10 cm?. Considering
the size of the mouse, the imaging plane is selected to be 8.5-11.5 cm
from the detector surface whereas the center of the imaging plane is 10
cm from the detector surface.

2.2. 3D-CZT Compton camera

In this study, the CZT camera prototype is developed by the Kromek
group. The size of the CZT crystal is 22x22x15 mm?>. This CC is fabri-
cated with a common planar cathode and 11x11 pixelated anode pads.
The detector is operated with the cathode biased at —3000 V. An HPL
v1.3 application-specific integrated circuit (ASIC) readout system is
used to measure the waveform signals and trigger signals of all channels
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Fig. 2. Properties of the 3D-CZT camera. (a) Structure of 3D-CZT camera, (b) Energy resolution of this 3D-CZT detector which is the value of FWHM to the energy of

incident gamma ray.
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Fig. 3. Mouse phantom used in this study. (a) Structure diagram, (b) 3D-printed mouse phantom.

[28]. The outputs are 14 — bit sample data which are written as list
mode data, and the amplitude and timing information are acquired
simultaneously by using two signal processing paths at each channel.
The timing of the anode and cathode signals can be accurately measured
through the peak detector’s circuit in ASIC [29]. The time-to-digital-
converter’s signal is converted into digital signal by analog-to-digital
converter, and then transmitted through a field-programmable gate
array. The time resolution of this 3D-CZT CC is about 25 ns and the dead
time of each event is about 250 ns. The pile up probability of this 3D-CZT
CC is about 20% when the count rate is 220 kcps. The structure of the
3D-CZT is shown in Fig. 2(a). The interaction depth is inferred by
calculating the electron cloud drift time on the basis of the time differ-
ence between the signals of the cathode and the anode so that the three-
dimensional coordinates of Compton events can be obtained [19]. The
angular resolution measure (ARM) of this 3D-CZT CC is 15.90 + 0.33°
obtained in the previous Monte Carlo simulations. The energy resolution
(R) of the 3D-CZT CC under different energies is fitted through
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experimental results. The fitting formula is shown in Eq. (2), and the
fitting result is shown in Fig. 2b.

a + bVE + cE?
E

(2)

2.3. 3D-printed mouse phantom

A 3D-printed mouse phantom is used to analyze the performance of
the 3D-CZT CC in radiopharmaceutical distribution imaging as shown in
Fig. 3. The phantom is generated using a co-registered CT and the cry-
osection images of a 28 g nude normal male mouse, resulting in a matrix
size of 380x992x208 and 0.1 mm cubical voxels [30]. Butanediol
dimethacrylate (C12H;804, p: 1.3 g/cm3) is selected as the 3D-printed
material. To facilitate the placement of the radiopharmaceutical, we
divide the phantom into five parts, and the brain, heart, kidney, and
bladder areas are hollowed out. The organs analyzed in this study are the
brain and bladder.
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Fig. 4. Experimental setup. (a) Instrument used in the experiment.
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(b) Schematic of radiopharmaceutical placement.
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Fig. 5. Analysis of the physical properties of the 3D-CZT. (a) Compton scattering angle distribution without consideration of the energy resolution of the 3D-CZT; (b)
Compton scattering angle distribution with consideration of the energy resolution of the 3D-CZT; (c¢) Compton axis distribution without consideration of the spatial
resolution of the 3D-CZT; (d) Compton axis distribution with consideration of the spatial resolution of 3D-CZT.

2.4. Monte Carlo toolkit and configuration

The Monte Carlo toolkit Geant4 (version 10.05) with QGSP_BIC
physics list is used to simulate the radiation transportation. The geom-
etry of the Monte Carlo simulation is based on the subsequent experi-
mental settings. The material of the torso is C;5H1804, and the material
of the organ is water in which the radiopharmaceutical is placed. In
simulations, the number of gamma ray with 511 keV emitted from brain
and bladder are 4.662x 108 and 2.331x10°%, respectively. A 64-bit Linux
computer with Intel Xeon(R) CPU E5-2699 v4 is used to run the Geant4
codes and ordered OE-RR algorithm.
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2.5. Experimental conditions

The purpose of this study is to analyze the performance of the 3D-
CZT CC used in radiopharmaceutical imaging. For the experiments,
[*®F]sodium fluoride (['®F]NaF) provided by JYAMS PET Research and
Development Limited is selected. During the experiment, [\®F]NaF so-
lution is placed in a sealed capsule located in the brain and bladder with
~14 and ~7 pCi, respectively. The material of the capsule is mainly
gelatin, and the thickness is about 0.110 + 0.015 mm. Because the size
of the capsule is very small, it would not affect the transport process of
gamma ray with 511 keV. Therefore, in the Monte Carlo simulations,
capsule has not been considered. The phantom is placed ~10 cm above
the detector, and the center of the CZT crystal is basically aligned with
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Fig. 6. Influence of event distance on Compton data. (a) Relationship between the counts of Compton events and distance between the scattering event and the
absorbing event; (b) deviation of Compton scattering angle at different Dscauer absorp; (¢) deviation of phi angle of Compton axis at different Dycqster absors; (d) deviation

of theta angle of Compton axis at different Dscarter absorb-

the phantom center. The radiopharmaceuticals are set in the brain and
bladder separately or simultaneously. Each group of experiments is
measured for 1 h, and the detection data are collected every 15 min. The
experimental setup is shown in Fig. 4.

3. Results
3.1. Influence of energy resolution and spatial resolution

The Monte Carlo simulation is used to analyze the deviations in the
Compton data (i.e., Compton scattering angle and Compton axis) caused
by the energy and spatial resolutions. In the simulations, the radio-
pharmaceuticals are located simultaneously in the brain and bladder
with activities of 14 and 7 pCi, respectively. The reaction position and
deposition energy of the particles are directly recorded without
considering the energy and spatial resolutions in the Monte Carlo sim-
ulations. Then, the influence of these resolutions on the Compton data
are considered in the data postprocessing. The energy window is set to
501-521 keV for selecting effective Compton events. The Compton
scattering angle is calculated with Eq. (1). Fig. 5(a) shows the Compton
scattering angle distribution without consideration of the energy reso-
lution. Fig. 5(b) presents the Compton scattering angle distribution with
consideration of the energy resolution. Comparing the two results shows
that the Compton scattering angle distribution is basically the same
regardless of the consideration of energy resolution. Fig. 5(c) shows the
spatial distribution of the Compton axis in the spherical coordinate
system without consideration of the spatial resolution. Fig. 5(d) presents
the spatial distribution of the Compton axis with consideration of the
spatial resolution. A clear difference is noted between the two results.
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Specifically, the exact Compton axis distribution is basically uniform,
while considering the spatial resolution, the distribution of the Compton
axis shows “eyelid” bands. The concentric “eyelid” bands arise from the
pixelation of the 3D-CZT CC [22].

Some studies have shown that the deviation of the Compton axis is
mainly affected by the intrinsic spatial resolution of the CC and Dyq.
ter absorb [ 31]. Therefore, we analyze the relationship between the Dycqr
ter absorb and the deviation of the Compton axis in this section. Fig. 6(a) is
the number of effective Compton events at different Dycarter absorb- When
Dycarter absorb increases, the counts of effective Compton events at the
corresponding distance decreases. Fig. 6(b) shows the absolute value of
the relative deviation of the Compton scattering angle at different
Dycatter absorb When the energy resolution is considered. And the mean and
median values of the Compton scattering angle deviation are almost
fixed for different Dscaster absorb, thereby indicating that the Dscaster absorb
would not affect the deviation of the Compton scattering angle. This
result is mainly due to the Compton scattering angle being related to the
energy resolution only but being independent of the spatial resolution.
Fig. 6(c and d) are the deviations of the Compton axis at different
Dicatter absorb With consideration of the spatial resolution. For the phi and
theta angles of the Compton axis in the spherical coordinate system, the
influence of Dycqster absors 0N deviation show the same trend, that is, the
greater the Dicarter absorb iS, the smaller the deviation is. At the same
Dycatter absorb> the deviation of the theta angle is larger than that of the phi
angle. However, the count of effective Compton events in each distance
segment is considerably small when the distance is greater than 10 mm,
and the reduction of deviations is not significant. To ensure the accuracy
of the reconstruction images, a sufficient count of effective Compton
events is needed. Therefore, the minimum distance between the
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Fig. 7. Compton reconstruction results based on simulated data. (a) Reconstruction result of the SBP algorithm; (b) Reconstruction result of the OE algorithm; (c)
Reconstruction result of the ordered OE-RR algorithm; (d) Result of the fusion of the reconstruction result of the ordered OE-RR algorithm with the actual placement
map of the mouse phantom in the simulations; (e) Radiopharmaceutical distribution reconstructed by different algorithm as shown in dashed line 1 of (d); (f)
Radiopharmaceutical distribution reconstructed by different algorithm as shown in dashed line 2 of (d).

Compton and photoelectronic interactions selected in this study is 10
mm.

3.2. Comparison of image qualities with different reconstruction
algorithms

Fig. 7(a) shows the result of the SBP with consideration of the energy
and spatial resolutions. Although the SBP result clearly distinguished the
two organs, there are a lot of artifacts. Fig. 7(b) shows the OE result.
Although the artifacts around the organs are reduced relative to the SBP
result, the accurate distribution of the radiopharmaceuticals could not
be obtained in the OE result. Fig. 7(c) shows the result obtained by the
of

ordered OE-RR algorithm. The spatial distribution the

Y(mm)

Yimm)

radiopharmaceuticals in the organs is reconstructed, and the artifacts
are fewer than those in the results of the SBP or OE. Fig. 7(d) shows the
fusion of the ordered OE-RR result and the mouse phantom. It can be
seen that the result obtained by ordered OE-RR can achieve the accurate
radiopharmaceuticals imaging in mouse organs set in the simulations.
Fig. 7(e and f) show the plot profiles of the Fig. 7(d) at the plane indi-
cated by the white dotted lines. It can be seen that the radiopharma-
ceutical distribution reconstructed by order OE-RR algorithms is the
most consistent with the radiopharmaceutical distribution set in
simulations.

In addition, the contrast (V,,,) is used as a parameter for quantitative
analysis of image quality. The calculation formula of V., is shown in Eq.

3):.
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Fig. 8. Reconstruction results in the case of radiopharmaceuticals placed in the brain. (a)-(e) SBP results when Dycqter absors are 2-4, 4-6, 6-8, 8-10, and over 10 mm.
(H)-() Ordered OE-RR results when Dycqer absors are 2-4, 4-6, 6-8, 8-10, and over 10 mm, respectively.
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Nror

N, Background

Vcnn = (3)

where Ngoy is the sum of pixel values in ROI and Npgckground is the sum of
pixel values in all regions of mouse phantom except ROL. In this study,
ROI is defined as the brain and bladder of mouse phantom. The V,,, of
SBP is only 0.19. In contrast, when order OE iterative algorithm is used,
V¢on can be improved to 1.04. Furthermore, when using the order OE-RR
algorithm, the V,, can be improved to 1.45.

3.3. Reconstructed images based on experimental data

In this section, experiments are conducted to further evaluate the
actual imaging performance of 3D-CZT CC. The experiments mainly
analyzed the relationship between the reconstruction results and the
detection times in the presence of radiopharmaceuticals in the brain and
bladder separately or simultaneously. For the experimental data, the
scattering and absorbing events are judged by their energy depositions,
i.e., the scattering event generally has greater energy deposition than the
absorbing event [32]. Figs. 8 and 9 show the reconstruction results of the
Compton data measured under 1 h of data collection when the radio-
pharmaceuticals are placed in the brain or bladder separately. Fig. 10
show the results when the radiopharmaceuticals are placed in the brain
and bladder simultaneously. Fig. 8(a—e) are the results with the SBP
algorithm for the scattering and absorbing events with Dscqtter absors Of
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2-4, 4-6, 6-8, 8-10, and over 10 mm. Fig. 8(f—j) show the results with
the ordered OE-RR algorithm under the different distances of effective
Compton events. These results prove that the greater the Dscarer absorb 1S,
the higher the quality of the reconstructed images obtained by the SBP
and the ordered OE-RR algorithm is. The artifacts in the ordered OE-RR
results are significantly fewer than those in the SBP results. For the other
imaging sites, the results are similar, as shown in Figs. 9-10. Regardless
of the number of organs with radiopharmaceuticals, the distribution of
the radiopharmaceuticals can be identified clearly in the reconstruction
results.

The relationship between detection time and imaging quality is
explored. Fig. 11(a-d) show the reconstruction results of the ordered
OE-RR algorithm under the detection times of 15, 30, 45, and 60 min.
Fig. 11(e) shows the reconstruction result of the 15 min detection
superimposed with the mouse phantom set in the experiments. It can be
seen that the distribution of the radiopharmaceuticals in the organs is
visualized in the 15 min detection when the activities of the radio-
pharmaceuticals in the organs are at the clinical level. Within 15 min
detection time, the count of effective Compton event is about 4200, and
the reconstruction time is only about 10 s with the Intel Xeon(R) CPU E5-
2699 v4.
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Fig. 11. Reconstruction results at different detection times. (a-d) Reconstruction results of ordered OE-RR algorithm under detection times of 15, 30, 45, and 60 min.

(e) Result of 15 min detection superimposed with the mouse phantom.
4. Discussion

In this study, the performance of the 3D-CZT CC in radiopharma-
ceutical imaging is analyzed. The imaging process is simulated using the
Monte Carlo methods. As a result of the excellent energy resolution of
the 3D-CZT CC, the measured Compton scattering angles are not obvi-
ously influenced. However, the calculated Compton axis will be heavily
influenced by the spatial resolution.

To reduce these influences, we analyze the relation between the
Compton axis deviation and the distance of the Compton and photo-
electronic interactions. By increasing Dycqtter absorb to OVer 10 mm, the phi
angle deviation is reduced from ~50% to ~5%, and the theta angle
deviation is reduced from ~200% to ~20%. These results are similar to
those of other studies [33]. However, as the Dgcqer absory increases, the
count of effective Compton events decreases exponentially. In simula-
tions, there are 215,171 effective Compton events without event dis-
tance selection. When the Dscqster absorb is more than 5 mm, 10 mm, and
15 mm, the counts of effective Compton events decreased to 67343,
18,400 and 3848, respectively. Therefore, it is necessary to balance the
count of effective Compton events with the error caused by pixelation
effect. To ensure the considerable count of effective Compton events for
reconstruction, we set the minimum distance between the Compton and
photoelectronic interactions to be 10 mm for selecting the effective
Compton events. Comparing the results with different reconstruction
algorithms reveals that there are some artifacts in the reconstruction
results of the SBP and OE algorithms with the incorrected projection
data. Using the ordered OE-RR algorithm, the artifacts in the recon-
struction result are significantly reduced, and the quality of the recon-
structed results is significantly improved. This trend is similar to that in
previous studies on proton range verification [27]. Quantitative analysis
shows that using order OE-RR algorithm, the value of V., can be
increased by about 7.56 times compared with SBP and 1.40 times
compared with OE algorithm. It can also be seen from the reconstructed
radiopharmaceutical distribution that the SBP result has a high count in
the background and the radiopharmaceutical position will shift from the
real position. Without resolution recovery, order OE algorithm can
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significantly reduce the artifacts in the background, but the fluctuation
of the image is significantly enhanced for the low activity area. There-
fore, for low activity areas, the effect of image quality improvement
caused by resolution recovery may be more obvious.

For experimental data, the event selection method and resolution
recovery method are also applicable. When using events with higher
Dycatter absorp for reconstructing, the results obtained by either SBP or
order OE-RR algorithm will be significantly improved. The artifacts in
results reconstructed by order OE-RR are significantly less than those in
SBP. However, the image quality reconstructed by experimental data are
worse than that by simulation data. Many factors will affect the exper-
imental results, but they are difficult to be taken into account in simu-
lations, such as electronic noise, the influence of neighboring pixels et al.
In the simulations, the energy resolution is obtained by fitting the
measured data, which would take into account the influence of elec-
tronic noise, Doppler broadening and other factors to a certain extent.
Moreover, the methods used to determine the type of reaction event in
simulations and experiments are different. The scattering and absorp-
tion events in the simulated data are absolutely true, but for experiment
data, the event types of the two anode signals output by the detector
should be judged according to energy deposition. For gamma rays with
511 keV which occurs Compton scattering reaction in CZT, the proba-
bility that the energy of scattered gamma ray is greater than that of
scattered electron is only about 58.34%, which is similar to the results of
other studies [32]. Therefore, almost 40% of the effective Compton
events used for reconstructing may have an error in the event type, thus
deteriorating the imaging quality. In the follow-up experimental
research, more effective methods need to be adopted to improve the
reconstructed image quality, for example using machine-learning
approach to distinguish the Compton events from the background or
using neural network method to judge the event type [34-36]. Finally,
the detection performance of the image device under different mea-
surement times is analyzed. With the increase of the detection time, the
quality of the reconstruction results is gradually optimized. Based on the
experimental conditions set in this study, the count rate of effective
Compton events after event selecting can reach about 14,697 per hour,
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and the reconstruction time of one event is about 2.45 £+ 0.28 ms with
the Intel Xeon(R) CPU E5-2699 v4. Within 15 min detection time, the
quality of the reconstruction results can be comparable to those of some
published studies using different imaging devices [17,37]. This result
provides a basis for the radiopharmaceutical imaging application of the
3D-CZT image device.

At present, this work demonstrates the feasibility of using a 3D-CZT
CC for radiopharmaceutical distribution imaging at the level of clinical
activity, but there are still some problems that need to be further stud-
ied. In the follow-up, it is also necessary to carry out researches
regarding the detection device improvement and reconstruction algo-
rithm optimization. Of course, animal studies for further demonstrating
the spatial resolution and practical efficiency will be helpful for further
development of the methodology. Multi-angle measurement could be
carried to realize the 3D reconstruction of radiopharmaceutical distri-
bution, and the results of CC based on multi-angle measurement should
be compared with PET or SPECT results to further analyze the feasibility
and value of this method in practical clinical practice.

5. Conclusion

In this study, we propose the use of the single-layer 3D-CZT CC for
radiopharmaceutical imaging. The event selection method based on
event distance is proposed to reduce the deviation of the calculated
Compton scattering angle and Compton axis. The ordered OE-RR is used
to eliminate artifacts in the reconstruction results. The experimental
results show that the imaging device can obtain an accurate radio-
pharmaceutical distribution within the detection time of 15 min and the
reconstruction time is about 10 s, which shows the promising applica-
tion of the proposed methodology.
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