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Abstract
Purpose The differences in performance between the
cadmium-zinc-telluride (CZT) camera or collimation systems
and conventional Anger single-photon emission computed to-
mography (A-SPECT) remain insufficient from the viewpoint
of the user. We evaluated the performance of the D-SPECT
(SpectrumDynamics, Israel) system to provide more informa-
tion to the cardiologist or radiological technologist about its
use in the clinical field.
Materials and Methods This study evaluated the performance
of the D-SPECTsystem in terms of energy resolution, detector
sensitivity, spatial resolution, modulation transfer function
(MTF), and collimator resolution in comparison with that of
A-SPECT (Bright-View, Philips, Japan). Energy resolution
and detector sensitivity were measured for Tc-99m, I-123,
and Tl-201. The SPECT images produced by both systems
were evaluated visually using the anthropomorphic torso
phantom.
Results The energy resolution of D-SPECTwith Tc-99m and
I-123 was approximately two times higher than that of A-
SPECT. The detector sensitivity of D-SPECTwas higher than
that of A-SPECT (Tc-99m: 4.2 times, I-123: 2.2 times, and Tl-

201: 5.9 times). The mean spatial resolution of D-SPECTwas
two times higher than that of A-SPECT. The MTF of D-
SPECT was superior to that of the A-SPECT system for all
frequencies. The collimator resolution of D-SPECTwas lower
than that of A-SPECT; however, the D-SPECT images clearly
indicated better spatial resolution than the A-SPECT images.
Conclusion The energy resolution, detector sensitivity, spatial
resolution, andMTF of D-SPECTwere superior to those of A-
SPECT. Although the collimator resolution was lower than
that of A-SPECT, the D-SPECT images were clearly of better
quality.

Keywords Anger SPECT . Collimation system . CZT
camera . D-SPECT . Nuclear cardiology

Introduction

Over the last few decades, the quality of images acquired
from medical imaging techniques such as single-photon
emission computerized tomography (SPECT) and positron
emission tomography has improved because of advances in
material sciences and information technologies [1].
Remarkable progress has been made in the spatial and en-
ergy resolutions of SPECT images, making it possible to
detect a defect less than a few millimeters in diameter
[2–4]. Recently, cardiac SPECT systems equipped with
cadmium-zinc-telluride (CZT) detectors have been intro-
duced into clinical practice [5–7]. This new technology
provides a higher speed and resolution than NaI scintilla-
tion detectors, which are used in conventional Anger cam-
eras, and has the potential to revolutionize nuclear cardiol-
ogy [8–10]. High-speed SPECT systems with CZT detec-
tors (D-SPECT, Spectrum Dynamics, Israel) have been re-
cently introduced and exhibit both high-sensitivity
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collimation and high-energy resolution for cardiac imaging
[8–10]. Compared with conventional systems, the D-
SPECT system is unique because it has no external moving
parts; it rests closer to the patient’s chest during imaging,
and imaging is performed with the patient in an upright
position, and with their arms over the detectors (versus
arms raised over their head) [11]. Therefore, this cardiac
imaging technique is comfortable for the patient and may
reduce motion artifacts [12–14]. However, although some
research organizations have compared the performance of
the CZT camera and collimation systems with that of con-
ventional and new systems [8–10], the differences remain
insufficient from the viewpoint of the user, such as multi-
ple tracers or the influence of detector-tracer distance on
image qualities, and so on. In this study, we evaluated the
performance of CZT cameras and collimation systems in
the D-SPECT system and compared the results with those
of a conventional Anger SPECT (A-SPECT) system.

Materials and Methods

SPECT System

We compared the performance of the D-SPECT system
with that of a conventional A-SPECT system in terms of
energy resolution, detector sensitivity, spatial resolution,
modulation transfer function (MTF), and collimator reso-
lution. The semiconductor in the D-SPECT system is
equipped with nine CZT detector arrays, and each detector
block consists of 16 × 64 individual pixels with a spacing
of 2.46 mm in both dimensions resulting in a total detector
surface of 39.4 × 157.6 mm. Each detector can rotate a
maximum of 110° without moving parts and is equipped
with a square tungsten parallel-hole collimator (thickness:
0.2 mm, pitch: 2.46 mm, and length: 21.7 mm) [8, 15].
Data acquisition was completed in approximately two
min in all of the phantom experiments. The collected data
were reformatted (matrix size: 64 × 64, voxel size: 4.92 ×
4.92 × 4.92 mm3) through reconstruction with a variant of

the ordered-subset expectation maximization (OSEM) al-
gorithm and reorientation. A NaI-based A-SPECT system
consists of dual-head rotating detectors that are equipped
with a low-energy, parallel-hole, general-purpose (LEGP)
collimator (thickness: 0.2 mm, pitch: 1.4 mm, and length:
24.7 mm). A set of 32 projection images was obtained
(step-and-shoot method, 25 s/projection, 64 × 64 matrices)
over a 90° arc. Data acquisition was completed in approx-
imately 15 min in all the phantom experiments. The col-
lected data were reformatted (matrix size: 64 × 64 and vox-
el size: 6.39 × 6.39 × 6.39 mm3) through reconstruction
with a filtered back-projection and reorientation without
attenuation correction.

Evaluation of the CZT-SPECT System

The energy resolution and detector sensitivity were measured
for Tc-99m (92.5 MBq), I-123 (92.5 MBq), and Tl-201
(92.5 MBq) using tube phantoms (inside diameter: 9.5 mm,
height: 300 mm, and capacity: 21.3 mL) placed at the same
locations. The energy and spatial resolutions were estimated
from the calculation of full width at half maximum (FWHM)
of the Gaussian curve obtained from each line source. In ad-
dition, we evaluated the energy resolution of the D-SPECT
using a simultaneous dual-isotope (SDI) phantom with a solid
defect in the myocardium region (RH-2, Kyoto-Kagaku,
Japan). Tc-99m (44.0 MBq) and I-123 (22.0 MBq) were used
to fill an SDI phantom. Tc-99m and I-123 data were simulta-
neously acquired in energy windows centered at 140 keV for
Tc-99m and 159 keV for I-123 emission. The collected data
were reformatted through reconstruction with a no-scatter cor-
rection (NSC) algorithm and reorientation. The spatial resolu-
tion was evaluated using a National Electrical Manufactures
Association (NEMA) phantomwith three Tc-99m line sources
(each source 1 mm in diameter with a length of 20 cm and
radioactivity of 37 MBq) and reported as FWHM, in accor-
dance with the relevant protocols and NEMA standards [16].
The measurement location of the rod is shown in Fig. 1. The
MTF of the SPECTsystems was performed by scanning a line
source phantom (a Co-57 rod 1 mm in diameter with a height
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Fig. 1 Structure of the NEMA
phantom and measurement
location of the spatial resolution
in the 3 Tc-99m line sources

332 Nucl Med Mol Imaging (2017) 51:331–337



of 180 mm and radioactivity of 370 MBq), which was mea-
sured by changing the CZT detector-line source distance to 8,
11, and 14 cm. The line spread function (LSF) was obtained
by processing the scanned cross-sectional image of the Co-57
rod (Fig. 2). The MTF derived from the LSF was calculated
using a one-dimensional fast Fourier transform [17, 18]. The
geometric collimator resolution was calculated using the gen-
eral method described by Anger [19]. The SPECT image of
both systems was evaluated using the anthropomorphic torso
phantom with a solid defect in the myocardium region (Data
Spectrum Co, Hillsborough, NC, USA). Tl-201 (18.5 MBq)
was used to fill a phantom. The OSEM algorithmwas used for
image reconfiguration and was chosen for the phantom exper-
iment. In this study, two cardiologists and two radiological
technologists participated in the phantom observation test.

Evaluation of the A-SPECT System

The energy and spatial resolutions were in accordance with
the NEMA standards. In addition, we evaluated the energy
resolution using the same SDI phantom used in the D-

SPECT examination. The collected data were reformatted
through reconstruction using filtered-back projection and
reorientation with a no-scatter collection. The detector sen-
sitivity was measured for Tc-99m, I-123, and Tl-201 using
the same phantom used in the D-SPECT examination;
these measurements were performed, if possible, at the
same time. The corresponding measurement of the MTF
was also performed for the A-SPECT system at a
detector-line source distance of 12 cm. Corresponding
measurements were performed using the same anthropo-
morphic torso phantom used in the D-SPECT examination.

Results

Figure 3 shows the energy spectrum of the D-SPECT sys-
tem at the (a) Tc-99m, (b) I-123, and (c) Tl-201 marker
points, and Table 1 shows the FWHM of both systems.
The energy resolution (FWHM) of the D-SPECT system
with Tc-99m and I-123 was approximately two times
higher than that of the A-SPECT system. Figure 4 shows

A-SPECT D-SPECT

longitudinal image longitudinal image

cross-sectional image cross-sectional image

Fig. 2 Acquisition image of D-
SPECT and reconstruction
images of a 1-mm-diameter Co-
57 rod with both systems

(a) Tc-99m (b) I-123 (c) Tl-201

Fig. 3 The energy spectrum of the D-SPECT system at a Tc-99m, b I-123, and c Tl-201. The red line shows the energy window width (20%)
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the short axis images of both systems on the SDI phantom
with Tc-99m and I-123. The influence of cross-talk could
not be detected by visual inspection by all observers on the
D-SPECT images, unlike the A-SPECT images. Table 2
shows the radionuclide detector sensitivities of both sys-
tems. In the D-SPECT system, the Tc-99m, I-123, and Tl-
201 markers showed detector sensitivities that were 4.2,
2.2, and 5.9 times higher than those of the A-SPECT sys-
tem, respectively. Table 3 shows the results of the spatial
resolution (FWHM) as measured using the NEMA phan-
tom. The D-SPECT system had a spatial resolution (ap-
proximately two times higher than the average) superior
to that of the A-SPECT system. Figure 5 shows the MTF
of both systems, which was measured using the recon-
structed image of the 1-mm Co-57 rod. The D-SPECT
system had a superior MTF at all frequencies. However,
the MTF obtained from the D-SPECT system was superior
when the distance to the Co-57 rod was nearest to the CZT
detectors (distance of 8 cm from the front). Figure 6 shows
the calculated geometric resolution of the collimator ac-
cording to the source-to-collimator distance. The collima-
tor resolution (FWHM at a distance of 10 cm) of the A-
SPECT system (7.6 mm) was superior to that of the D-
SPECT system (13.3 mm). Figure 7 shows the images of
both systems on the anthropomorphic torso phantom at Tl-
201. In the visual inspection of the phantom images by all

observers, the D-SPECT images clearly indicated better
quality than the A-SPECT images and a well-defined myo-
cardium defect.

Discussion

We evaluated the performance of the CZT camera and colli-
mation systems in the D-SPECT system in comparison with
that of the conventional A-SPECT system in a clinical set-
ting.We observed that D-SPECTcould provide higher speed
and resolution than the A-SPECT images, indicating better
image qualities, and might reduce the radiation doses due to
shortened acquisition times. Since 2009, many researchers
have evaluated the performance of the D-SPECTsystem and
compared it with the conventional A-SPECT systems
[8–10]. However, because only the superior aspects of the
D-SPECT system tend to be emphasized in reports, confir-
mation of the reliability of the system is necessary before
introduction into clinical practice. For example, Gambhir
et al. [8] reported that the D-SPECT system was Bnovel^
and had Bhigh sensitivity^ and Bhigh-energy resolution,^
while, Erlandsson [9] and Verger et al. [10] reported similar
opinions about A-SPECT. In addition to the same basic per-
formance, we evaluated all types of tracers (Tc-99m, I-123,
and Tl-201) that have been used in nuclear cardiology, the

Table 1 The radionuclide energy resolutions (FWHM) measured from
the energy spectrum of D-SPECT and A-SPECT

Tc-99m I-123 Tl-201

D-SPECT
FWHM (%)

5.5 5.2 10.9

A-SPECT
FWHM (%)

9.9 10.1 13.4

(Tc-99m)

(I-123)

(Tc-99m)

(I-123)

(a)

(b)

Fig. 4 Comparison of the two
systems based on SDI phantom
images (short axis slices) with Tc-
99m and I-123. a D-SPECT
images. b A-SPECT images. For
both systems, the upper panels
depict Tc-99m images and the
lower panels depict I-123 images

Table 2 The radionuclide detector sensitivities of D-SPECT and A-
SPECT

Tc-99m I-123 Tl-201

D-SPECT Sensitivity (cpm/MBq) 34270 17973 56162

A-SPECT Sensitivity (cpm/MBq) 8270 8000 9514

D-SPECT/A-SPECT 4.2 2.2 5.9
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influences of the CZT detector-tracer distance on image
quality using MTF, and the geometric collimator resolution
using the generalmethod described byAnger. This is the first
report, to our knowledge, that evaluated the performances of
the systems from the user’s perspective. The Tc-99m and I-
123 markers in the D-SPECT system showed an energy res-
olution that was approximately two times higher than that of
the A-SPECTsystem. These results were expected consider-
ing the newpossibility of dual-isotopeSPECTimaging, such
as the Tc-99m and I-123 combination, which provides low
radiation doses and high patient throughput. We performed
image reconstitutions with an NSC algorithm to confirm the
influence of cross-talk with the use of simultaneous dual
isotopes. The effect of cross-talk on simultaneous dual Tc-
99m and I-123 SPECT imaging could not be detected by
visual inspection of SDI phantom images. Tl-201was slight-
ly superior to the A-SPECT system in terms of FWHM (in-
fluence of a characteristic X-ray of Hg-201 in 20% of a win-
dow width of approximately 71 keV), but the energy resolu-
tion was set to approximately 5% in clinical practice, which
was similar to that of Tc-99m and I-123 at the time of the
collection. Gambhir et al. [8] reported that the sensitivity of
the D-SPECT system was ten times greater than that of a
conventional system equipped with a low-energy high-reso-
lution collimator. However, our analyses, which focused on
the sensitivity of an LEGP collimator (the most commonly
used collimator in our practice) for myocardial tomography,
found that the detector sensitivity was higher in the D-

SPECT system than in the A-SPECT system (Tc-99m: 4.2
times, I-123: 2.2 times, Tl-201: 5.9 times). Based on the de-
tector sensitivity, thallium was thought to be suitable for the
CZTcamera.Nakazato et al. [20] reported that a 10min stress
scan could be performed with an effective average radiation
dose of less than 1mSv using the dedicated cardiac scanners.
Our results might be associated with the reduction in radia-
tion doses observed in clinical practice. The spatial resolu-
tion measured using a NEMA phantom was approximately
two times higher on average than that of the A-SPECT sys-
tem. In addition, the pixel size of the D-SPECT system was
half that of the A-SPECT system, confirming the validity of
these results. The MTF assessed using the D-SPECTsystem
was superior to that assessed using the A-SPECTsystem for
all frequencies. However, the MTF was affected by the CZT
detector-line source distance. Specifically, a patient’s body
mass index (BMI) level at adetector-line sourcedistanceof8,
11, and 14 cm, was approximately equivalent to 18, 20, and
37, respectively. These findings suggest potential problems
with the body types and positioning of patients. In other
words, stronger compression of the chest with the detector
cover is an important stepof themyocardiumscanprocedure.
The geometric collimator resolution, which is an index of
image quality, showed that the resolution of the D-SPECT
system was 1.75 times lower than the A-SPECT system.
Specifically, the resolution was lower because the tungsten

Table 3 Spatial resolution
(FWHM by three Tc-99m line
sources) measured from the
NEMA phantom images of D-
SPECT and A-SPECT

Measurement
location of ROD

X-FWHM (mm) Y-FWHM (mm) Center-FWHM (mm)

Direction of measurement Tangential

Mean (SD)

Radial

Mean (SD)

Tangential

Mean (SD)

Radial

Mean (SD)

Radial

Mean (SD)

D-SPECT 2.89 (0.28) 4.67 (0.16) 4.37 (0.21) 2.61 (0.06) 6.90 (0.35)

A-SPECT 7.07 (0.17) 9.38 (0.22) 7.05 (0.25) 9.26 (0.35) 10.23 (0.31)
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Fig. 5 The MTFs of both systems that were measured on the
reconstruction images of a 1-mm-diameter Co-57 rod. Each parenthesis
(cm) indicates the distance from the detector
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Fig. 6 The geometric resolution of the collimator that was calculated by
using the source-to-collimator distance. The dashed line indicates the D-
SPECT collimator, whereas the solid line indicates the A-SPECT colli-
mator (LEGP)
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collimators used for the D-SPECT system have larger holes
and shorter lengths than the lead parallel-hole collimators
used for A-SPECT systems. However, each of the nine de-
tectors is equipped with one collimator, hence the one-
collimator resolution attached to the detector. Therefore,
the overall collimator resolution of the D-SPECT system
was not shown. Upon visual inspection, the D-SPECT sys-
tem produced good-to-excellent image quality and better
spatial resolution than theA-SPECTimages.Themyocardial
edge was clear on the D-SPECT images; as a result, on first
glance, the cardiac chambers appeared larger than their actu-
al volumes. Claudin et al. [21] reported that the evaluation of
left ventricular (LV) function using the D-SPECT system
correlated well with that obtained using cardiac magnetic
resonance imaging. However, LV volume depends on the
cavity searching algorithm of quantitative perfusion
SPECTor quantitative gated SPECT, which were developed
based on A-SPECT [22]. Therefore, more studies need to be
performed on this problem to validate the reliability of theD-
SPECTsystem, including the factors thatmight influence the
appearance of the myocardial edge and calculation of real
volumes.

Conclusion

The energy resolution, detector sensitivity, and spatial resolu-
tion of the D-SPECT system were superior to those of the
conventional A-SPECT systems. The D-SPECT system
shows good-to-excellent image quality and improved spatial
resolution, and may significantly change the diagnostic
process.
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