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camera.
Methods: Different line sources and phantom measurements were performed on each
system to evaluate spatial resolution, sensitivity, energy resolution and image quality with
acquisition and reconstruction parameters similar to those used in clinical routine.
Extrinsic resolution was assessed using “*™Tc capillary sources placed successively in air, in
a head and in a body phantom filled with background activity. Spectral acquisitions for
various radioelements used in nuclear medicine (°™Tc, "%, ?°'T1, ""'In) were performed
to evaluate energy resolution by computing the FWHM of the measured photoelectric
peak. Tomographic sensitivity was calculated by recording the total number of counts
detected during tomographic acquisition for a set of source geometries representative of
different clinical situations. Sensitivity was also evaluated in focus mode for the CzT
camera, which consisted of forcing detectors to collect data in a reduced field-of-view.
Image quality was assessed with a Jaszczak phantom filled with 350 MBq of *°™Tc and
scanned on each system with 30-,20-,10- and 5-min acquisition times.
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Results: Extrinsic and tomographic resolution in the brain and body phantoms at the
centre of the FOV was estimated at 3.55, 7.72 and 6.66 mm for the CzT system and 247,
7.75 and 7.72 mm for the conventional system, respectively. The energy resolution
measured at 140 keV was 5.46% versus 9.21% for the Anger camera and was higher in a
same manner for all energy peaks tested. Tomographic sensitivity for a point source in air
was estimated at 236 countss -“MBq ' and increased to 1159 countss “MBq ' using
focus mode, which was 1.6 times and 8 times greater than the sensitivity measured on
the scintillation camera (144 countss -MBq ™). Head and body measurements also
showed higher sensitivity for the CzT camera in particular with focus mode. The Jaszczak
phantom showed high image contrast uniformity and a high signal-to-noise ratio on the
CZT system, even when decreasing acquisition time by 6-fold. Representative clinical cases
are shown to illustrate these results.

Conclusion: The CzT camera has a superior sensitivity, higher energy resolution and
better image contrast than the conventional SPECT camera, whereas spatial resolution
remains similar. Introduction of this new technology may change current practices in
nuclear medicine such as decreasing acquisition time and activity injected to patient.

Keywords: Molecular imaging, Multipurpose CzT-camera, SPECT, Whole-body imaging

Background
Dedicated cardiac CzT-based cameras have been commercially available for a decade.
These cameras have a higher sensitivity and better energy resolution than Anger cam-
eras [1-4]. Gains in sensitivity have drastically changed patient management of myocar-
dial SPECT perfusion exploration in particular, with a decrease in acquisition time or
total activity administered to the patient [5, 6]. Moreover, the better discrimination of
radioisotope photopeaks opens new perspectives with dual-isotope acquisitions [7-9].
Most recently, new cameras equipped with wide-field CzT detectors have been intro-
duced to extend the use of this technology to all nuclear medicine explorations. GE
Healthcare was the first manufacturer to commercialize such a multi-purpose CzT
camera [10]. This camera is equipped similarly to an Anger camera with two large, flat
detectors, thus keeping the same detection geometry as conventional SPECT systems.
More recently, Spectrum Dynamics has unveiled a new camera architecture with a
ring-configuration CzT detector. The latter has been previously described by Goshen
et al. [11].

The purpose of the present study was to evaluate the SPECT performance of the
Veriton CzT camera and to compare it with a conventional scintillation camera using
the recommended parameters for clinical routine.

Methods

CzT camera

All tests were performed on the first VERITON camera (Spectrum Dynamics,
Caesarea, Israel) commercially available (FDA and EU clearance was obtained for
the present study), installed at the University Hospital of Caen, France. The camera
consisted of 12 columns of detectors arranged in a ring configuration. Each column
was composed of a 16 x 128 array of CzT pixel units and equipped with high
sensitivity tungsten parallel-hole collimators in alignment with the pixel array. De-
tector surfaces were equipped with skin sensors to get as close to the body
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contours as possible during acquisition. Acquisition could be performed either in
manual mode with a circular field of view or in body-contouring mode. Acquisition
consisted of a few angular acquisition steps ensured by a gantry rotation. The
number of required steps, typically four for normal body contours, was dependent
upon the size of the field of view. At each acquisition step, a sweeping motion of
each column of detectors was performed to collect data from the entire field of
view. A focus mode was also available to force detector movement to collect data
in a region of interest defined by the user on a pre-scan acquisition. Figure 1 de-
scribes the general camera architecture and explains the focus mode. In this study,
all acquisitions were performed with a default energy window set by manufacturer
at 20% centred on the photopeak of **™Tc and a matrix size of 256 x 256, result-
ing in a squared pixel size of 2.46 mm. Images were reconstructed with a propri-
etary OSEM algorithm including the use of an internal pre-iteration median
convolution kernel for noise suppression, with 10 iterations, 32 subsets and without
the use of a post-reconstruction filter.

Anger camera

The Anger camera used in this study was a dual-head Symbia camera (Siemens,
Erlangen, Germany) equipped with a 3/8 inch Nal (Tl) crystal. Detectors were equipped
with a low-energy, high-resolution (LEHR) collimator. A full calibration of the detector
was done before the evaluation, and the camera passed all calibration tests. SPECT
acquisitions were performed with standard reconstruction parameters used in clinical
routine as recommended by the manufacturer. With the exception of some tests that
needed default parameters to be adjusted, all acquisitions were performed with the fol-
lowing parameters: an energy window of 15% centred at *™Tc photopeak (140 keV),
64 projections with a matrix size of 128x128, resulting in a 4.8-mm-square pixel size.
Reconstructions were performed with a 2D-OSEM algorithm with 8 iterations and 4

subsets and without post-filtering.

Fig. 1 General camera architecture showing the different movements of the 12 detectors (a), schematic
principle of the focus mode showing the reduced swipe motion of detectors to a predefined region of

interest shown in dark grey (b), design of the detection column consisting of an array of 16 by 128 pixel
units (c) and picture of the system (d)
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Patient examinations

As part of the FDA clearance scheme, several patients were imaged within the frame-
work of a phase I study approved by the regional Ethics committee under the number
ID RCB: 2017-A01448-45, registered at clinicaltrials.gov with the following number:
NCT03438123. We selected cases representative of various isotopes, organ sizes and
shapes, as well as count statistics.

Extrinsic resolution

Extrinsic resolution was assessed using 1-mm-diameter capillaries (PTW Freiburg)
placed in air and filled with approximately 20 MBq/mL of **™Tc. The three-line
sources were positioned parallel to the longitudinal axis of rotation, 0, 4.5 and 9 cm
from the centre of the field of view. Five-minute tomographic acquisitions were per-
formed on both cameras with a circular shape, a radius of rotation of 15 ¢m and a
matrix size 256 x 256 to obtain the finest linear sampling. The resulting pixel size was
2.46 mm for the CzT camera and 2.40 mm for the Anger camera. Acquisitions were
performed on the Anger camera with LEHR collimators. Different sets of images were
reconstructed using an OSEM reconstruction algorithm by varying the total number of
iterations from 8 to 640, except for the Anger camera for which the maximum number
of iterations was limited to 320, and without post-reconstruction filters applied. Profiles
passing through the maximum pixel value of each source were drawn in radial and tan-
gential directions. A Gaussian function was fitted to compute the full width at half

maximum (FWHM) of each profile measurement.

Tomographic resolution

As final image resolution depends on both acquisition and reconstruction parameters,
tomographic resolution was estimated with phantoms simulating different clinical situ-
ations used in routine.

To mimic a clinical brain acquisition, tomographic resolution was first estimated
using a head phantom (from International Electrotechnical Commission (IEC) Standard
61675-2) equipped with three cavities located in the middle and at 4.5 and 9 cm from
the centre. The same line sources used for extrinsic resolution measurement were in-
troduced in the phantom filled with a background activity of 56 MBq of *™Tc. The
phantom was positioned at the centre of the camera, and acquisitions were performed
with a circular radius of rotation of 15 cm. For the CzT camera, a 640-s acquisition
was performed with a matrix size of 256 x 256, and for the anger camera, 64 projec-
tions of 10 s per head were performed with a matrix size of 128 x 128 and a zoom
factor 1.45.

To mimic a clinical body acquisition, the same experiment was then carried out
using a body phantom (from IEC standard 61675-1) filled with a 97-MBq back-
ground activity of **™Tc using the previous line sources placed at the same dis-
tance from the centre of the phantom. Acquisitions were performed on both
cameras with the phantom placed at the centre of field of view in autocontour
mode. For the CzT camera, a 640 s was performed with a matrix size of 256 x
256, and for the anger camera, 32 projections per head of 20 s were performed
with a matrix size of 128 x 128 without zoom factor. All acquisitions were
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reconstructed by varying the total number of iterations from 8 to 640, except for
the Anger camera for which the matrix size used limited the maximum number
of iterations to 320 for the head phantom and 160 for the body phantom, and by
applying a Gaussian post-reconstruction filter of 5-mm FHHM. A profile passing
through the maximum pixel value of the sources was drawn. A Gaussian function
was fitted to determine the FWHM of each line source in the radial and tangen-
tial directions.

Energy resolution

Energy resolution was measured for the most commonly used radioelements in nuclear
medicine: 2°'T1 (70 keV, 167 keV), *™Tc (140 keV), %1 (159 keV) and *In (171 keV,
245 keV). Source preparation and spectral acquisition were carried out according to
manufacturer’s recommendations. For the CzT camera, energy spectra were acquired
using fillable cylinders of around 42 cm-length and 0.9 cm of inner diameter, filled with
a solution of 110 to 370 MBq depending on the tested radioisotope and placed at the
centre of the field of view. On the Anger camera, point sources were used instead with
an activity adjusted so that the count rate measured on the camera was between 15 and
50 kilocounts per second at acquisition start and centred in the field of view equidistant
from the 2 detectors equipped with LEHR collimators. Energy spectra were acquired
for all pixel elements on the CzT camera and for the two detectors on the Anger cam-
era. Spectral acquisition was stopped when the number of counts per pixel reached 25
kilocounts for the CzT camera, and when the number of counts recorded at the max-
imum energy peak was about 32 kilocounts for the Anger camera. Each peak of energy
was fitted by a Gaussian function to calculate FWHM. The resulting energy resolution
was expressed as the mean FWHM for all pixel units +/- Standard Deviation (SD) for
the CzT camera and as the mean FWHM for the two detectors +/— SD for the Anger

camera.

Tomographic sensitivity

The purpose of this test was to assess tomographic sensitivity under conditions
used in clinical routine rather than to evaluate the intrinsic sensitivity of the sys-
tem. Therefore, the default parameters used in clinical routine were selected. As
the global sensitivity of the system depends both on the nature of the detectors
and on the geometry of detection, sensitivity was assessed for different types of
radiation sources, including conditions representative of clinical situations. Sensi-
tivity was first evaluated on each camera with a point source of approximately 25
MBq of **™Tc placed at the centre of the field of view and a radius of rotation
of 15 cm. Measures were successively performed with the source placed in air, at
the centre of a water-filled head phantom and at the centre of a water-filled body
phantom (phantoms are those described in the tomographic resolution section).
Two different count measurements were performed on the CzT camera: one on
the entire field of view and a second with a focus of the detector on a circular
region of interest centred on the point source. Sensitivity was then evaluated with
the head and the body phantoms filled with a uniform solution of approximately
350 MBq of **™Tc and placed at the centre of the field of view. Acquisition was
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performed with a radius of rotation of 15 cm for the head phantom and in auto-
contour mode for the body phantom. The exact activity of the prepared sources
was assessed by applying radioactive decay correction to the measurement per-
formed with a calibrated well counter (MEDI-405, Medisystem, Guyancourt,
France). The total number of counts was recorded for each acquisition of 450-s
duration, and the sensitivity was calculated as follows:

total recording counts
Sensitivity (counts.MBq'.s7') = — - & —
acquisition time (s) x source activity (MBq)

Image quality

A Flangeless Deluxe Jaszczak phantom filled with 350 MBq of *™Tc was scanned on each
camera to evaluate global image quality, lesion detectability and uniformity of the recon-
structed slice. Phantom was positioned on a headrest at the centre of the field of view, and
acquisitions were performed in autocontour mode with the default parameters described
above. Focus mode was not activated on CzT camera. Images were acquired on Anger cam-
era with a zoom factor of 1.45 resulting in a squared pixel size of 3.3 mm. To evaluate the
influence of acquisition time, four acquisitions were tested as follows: 30, 20, 10 and 5 min.
Images were corrected for attenuation with the Chang attenuation method, applying a coef-
ficient of attenuation of 0.11 cm™. For each acquisition, the total number of counts was re-
corded. To easily compare the SPECT performance of the two cameras, image quality was
quantitatively assessed by computing contrast, uniformity and noise index values, as pro-
posed by the American Association of Physicists in Medicine [12]. All regions of interest
and statistical tests were computed using the AMIDE software [13].

Image contrast

To calculate the image contrast for each dataset, the transverse slice where the cold
spheres were the most visible was selected. The minimum pixel counts were deter-
mined for each spheres in the chosen slice, and the mean pixel value was calculated in
a 15 x 15-pixel square ROI drawn in the uniform background of the phantom. The
image contrast was then calculated for each cold sphere as follows:

mean plxelbackground_ min plxelcoldsphere

Contrast = -
mean plxelbackground

Tomographic uniformity
To calculate the image uniformity, a 15 x 15-pixel square ROI was drawn on a transax-
ial slice located on the uniform part of the phantom. The mean, maximum, minimum
and standard deviations of the pixel values within the ROI were recorded. Integral uni-
formity and root mean square noise (RMS noise) were calculated with the following
formulas:

(max pixel- min pixel)

Integral uniformity (%) = max pixel T min pixel x 100
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tandard deviati
RMS noise(%) = sancar - VaOn 100
mean pixel value

Clinical images

Four clinical cases were studied to compare image quality obtained on the CzT and
Anger cameras: a °*™Tc-pertechnetate thyroid scan (15 min after injection of 117 MBgq,
10 min scan duration), a **™Tc-HMDP bone scintigraphy (3 h after injection of 643
MBq, 10-min scan duration), a **™Tc-DMSA renal scan (4-h after injection of 111
MBq, 10-min scan duration ) and a prostate cancer treatment imaging study after injec-
tion of ***Ra (48-h after injection of 5.27 MBq, 30-min scan duration). Patients were
scanned successively on each camera with the same acquisition time. The patients were
first scanned on the Anger camera and then on the CzT camera with correction of scan
duration for activity decay. To quantitatively assess image quality, the contrast-to-noise
ratio (CNR) was computed for each lesion detected. Two spherical volumes of interest
(VOI) of 5-mm diameter were manually drawn on clinical images using the AMIDE
software [13]: the first one centred on the lesion and the second on healthy tissue near
the lesion. CNR was calculated as follows:

mean pixel value,.,, ~mean pixel valueycihy tissue

CNR =

standard deviationpealthy tissue

All images were analysed, and VOIs were manually drawn jointly by a nuclear medi-
cine physician and an expert in medical physics with more than 10 years of experience.

Results

Extrinsic resolution

Figure 2 a presents the measured FWHM as a function of number of iterations, at 0,
4.5 and 9 cm from the centre of the field of view for both cameras.

The maximum FWHM obtained at the convergence of the reconstruction algorithm
on the CzT camera for the three-line sources placed at 0, 4.5 and 9 cm from the centre
of the camera was 3.54, 3.58 and 3.59 mm, respectively, in the radial direction. The
respective results obtained on the Anger camera were 2.47, 3.24 and 3.63 mm in the
radial direction. While the measured extrinsic resolution was slightly higher for the
Anger camera at the centre of the field of view, the resolution decreased when
approaching the surface of detectors while it remained constant with the CzT camera
whatever the source position.

Tomographic resolution

Figure 2 b and c present the measured FWHM as a function of the number of itera-
tions for the brain and body phantoms at 0, 4.5 and 9 cm from the centre of the field
of view for both cameras.

For the brain phantom, using the standard reconstruction settings, the calculated
FWHM obtained on the CzT camera with 10 iterations and 32 subsets for the three-
line sources placed at 0, 4.5 and 9 cm from the centre of the camera were 7.72, 7.26
and 7.07 mm in the radial direction. The respective results obtained for the Anger cam-
era with 4 iterations and 8 subsets were 7.75, 7.76 and 6.73 mm.
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Fig. 2 Estimated radial spatial resolution of Anger and CzT cameras as a function of the distance to the
centre of the field of view (ranging from 0 to 9 cm) measured in air (@) in a head phantom (from IEC
Standard 61675-2) (b) and in a body phantom (from IEC Standard 61675-1) (c)

For the body phantom, using the standard reconstruction settings, the calculated
FWHM obtained on the CzT camera for the three-line sources placed at 0, 4.5 and 9
cm from the centre of the camera were 5.92, 6.55 and 6.89 mm in the radial direction.
The respective results obtained for the Anger camera were 7.72, 8.93 and 10.12 mm.

Energy resolution

Table 1 shows the energy resolution estimated for the photoelectric peaks of the four
tested radioisotopes. Energy resolution was expressed as the measured FWHM
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Table 1 Percent FWHM measured on CzT and Anger cameras for 6 energy peaks. Results are
expressed in mean (SD)

Radioisotope 200 mTe 123) R

Energy peak (keV) 70 167 140 159 171 245

% FWHM Anger camera 14.08 (0.19) 1198 (1.66)  9.21 (0.07) 10.24 (0.79) 10.78 (0.03)  9.03 (0.35)
% FWHM CzT camera 5.77 (1.30) 467 (1.13) 546 (0.59) 533 (062 6.27 (1.08) 4.5 (0.75)

normalized by the theoretical energy of the photoelectric peak. Estimated energy reso-
lution was superior for the CzT camera at each energy level, with a ratio in a range of
1.68 to 2.55 compared to the Anger camera.

Tomographic sensitivity

Table 2 shows the measured sensitivity obtained on both cameras for the different
tested source geometries. For the point source placed in air, the recorded sensitivity
was 1.6 times higher on the CzT camera than for the Anger camera and 8 times higher
if the focus mode was activated. With the same source placed successively at the centre
of a cold water-filled head and body phantom, sensitivities were respectively 1.28 and
1.08 times higher on the CzT camera and 6.01 and 5.75 times higher with the focus
mode activated. For uniformly filled phantoms with radioactive solution, measured sen-
sitivities were 1.5 and 1.25 times higher on the CzT camera respectively for the head
and body phantoms.

Image quality

Figure 3 shows the different parts of the Jaszczak phantom, rod sections and cold
spheres, for the four tested acquisition times and for both cameras. For the 30-min ac-
quisition performed on the CzT camera, the first five cold spheres, corresponding to
the spheres with an inner diameter of 31.8, 25.4, 19.1, 15.9 and 12.7 mm, were clearly
visible, with a good image contrast. The five largest sections of rods, corresponding to
the rods with diameter of 12.7, 11.1, 9.5, 7.9 and 6.4 mm, were entirely to partially vis-
ible but showed a significant decrease in sharpness with depth in the last two sections
of rods. Although the number of visible elements remained approximately the same
when decreasing acquisition time, we noticed a decrease in global image quality, for the
shortest acquisition time in particular, due to a significant increase in noise level. For
the 30-min acquisition performed on the Anger camera, five cold spheres were visible,
and only three rod sections were partially visible, with a relatively low image contrast

Table 2 Sensitivity measured with different source geometries on Anger and CzT cameras with
and without focus mode

Sensitivity in countss -MBq ™" Anger camera CzT camera without focus CzT camera with focus

Point source in air 143.61 236.68 1159.33
Point source in head phantom 56.97 7342 34240
Point source in body phantom 3594 39.05 207.70
Head phantom 72.69 107.18 na

Body phantom 5275 65.79 na

Page 9 of 16
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Fig. 3 Axial reconstructed slices (similar scale with min and max threshold respectively set to 0 and 125%)
of the Jaszczak phantom obtained for CzT (a) and Anger cameras (b) centred on cold spheres (top rows) or
capillaries (bottom rows) for 30, 20, 10 or 5 min of acquisition time (left to right)

compared to that observed with the CzT camera. We also noticed a rapid decrease in
the number of visible elements when the acquisition time decreased.

Image contrast

Figure 4 a shows the calculated image contrast as a function of sphere diameter for
each acquisition time and both cameras. Contrast was far superior for the CzT camera
for each sphere diameter, regardless of the acquisition time. Moreover, the contrast
measured for a 5-min acquisition on the CzT camera was higher than that measured

for a 30-min scan time on the Anger camera.

Tomographic uniformity

Figure 4 b—d present the number of total counts recorded; the calculated integral uni-
formity and RMS noise for each acquisition performed, respectively. The total recorded
counts confirmed the previous sensitivity measurements, with a higher count statistic
obtained for the CzT camera than for the Anger camera. This gain in count statistic
was combined with a better uniformity and a lower noise level measured in the recon-
structed slices for the two shortest acquisition times compared to the Anger camera. In
particular, the noise remained relatively constant for the CzT camera when the acquisi-

tion time was reduced, while it increased drastically on the Anger camera.
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Anger cameras (a). Total recorded counts (b), integral uniformity (c), and RMS noise (d) calculated for
different acquisition times for CzT and Anger cameras

\

Clinical images

An example of VOI manually drawn for CNR calculation is presented in Fig. 5, with re-
sults obtained for each patient on both cameras. The CNR obtained was 2 to 6 times
higher for the CzT camera, depending on the patient case. Enhanced detectability for
cold or hot lesions can be seen on the thyroid scan displaying a cold nodule and on a
23Ra focus in a blastic lesion in a prostate cancer patient (Fig. 6).

Discussion

The originality of the camera tested in this study is due not only to the nature of the
detector used, but also to the proposed architecture of the camera. Indeed, the arrange-
ment of detectors in a ring configuration mimics a Positron Emission Tomography
(PET) system configuration and gives access to only fully 3D images (i.e. planar images
are not feasible). To evaluate the performance of this type of camera, the use of classic
standards of measurement, such as those proposed by the NEMA, is not fully applic-
able because of impossibility of performing planar images and removing collimators.
When it comes to the evaluation in tomographic mode, we decided to measure the glo-
bal performance of the camera with parameters similar to those employed in clinical
routine.

Spatial resolution depends both on intrinsic performances of the camera and on pa-
rameters used for image reconstruction. Iterative reconstruction algorithms used for
image reconstruction are characteristic of each system, leading to inconsistent results
when choosing the same reconstruction parameters to compare two different systems.
Indeed, if the number of iterations used has an impact on the measured spatial reso-
lution, the convergence of the algorithms is not the same. The choice of reconstruction
parameters to be used must therefore be adapted for each camera. To obtain more real-
istic measurements and to fully evaluate spatial resolution of the systems, we tested

Page 11 of 16
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Study CNR CzT camera CNR Anger camera Ratio
Thyroid scan 13.57 3.60 3.8
Bone scan 3.62 1.63 22
Renal scan 14.88 5.25 2.8
Radium scan 47.49 7.95 6.0

Fig. 5 Example of a manually drawn VOIs for the thyroid study (a): spherical VOIs of 5 mm of diameter
were drawn on lesion corresponding to a cold nodule (blue) and normal tissue (yellow) VOIs were drawn
on CzT camera images (left) and copied to Anger camera images (right). The resulting CNRs were
computed for each clinical case and both cameras (b)

system capabilities both in extrinsic mode and for phantoms representative of clinical
conditions, i.e. for head and body phantom in presence of background noise, with the
acquisition and reconstruction parameters used in clinical routine. For both systems,
the actual extrinsic resolution was close to the pixel size which is 2.40 and 2.56 mm for
the Anger camera and the CzT camera, respectively. We also found that the recon-
struction algorithm used with the CZT camera converges less quickly, according to the
number of iterations, than for the Anger camera. An increase in the number of itera-
tions for the CzT camera could have further improved the estimated extrinsic spatial
resolution. Moreover, we also noticed for the Anger camera that for a high number of
iterations, when the resolution becomes close to the pixel size, artefacts began to be
visible on line sources. When it comes to tomographic resolution, no significant differ-
ence was observed between the systems. The differences between the two cameras for
head and body phantoms are mainly due to source position in the FOV and also to the
acquisition and reconstruction parameters used, such as the matrix size, the number of
iterations or the reconstruction filters applied.

The energy resolution in this study was determined for a set of radioelements cur-
rently used in nuclear medicine. As it is impossible to remove collimators on the CzT
camera, these were kept in place on both cameras to perform spectral measurements.
This had an impact on measurement accuracy, due to the scattered photons created
from interactions in the collimator material. In particular, we saw that the standard de-
viation was relatively higher for the lowest peak of dual energy isotopes (for example, at
70 keV for 2°'TI) or for peaks with a relatively low count rate intensity (at 167 keV for
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Fig. 6 SPECT imaging of 30-min duration performed successively on CzT (with (a) and without (b) CT
image fusion) and Anger cameras (c) 48-h after intravenous injection of 527 MBq of “**Ra. An uptake on a
right shoulder bone metastasis was visible on axial, coronal and sagittal slices (left to right)

J

201T] or at 171 keV for *'In). Despite this quantitative bias of measurement, the results
obtained clearly showed the superiority of solid-state detectors over Nal(Tl) scintilla-
tion crystals, which corroborates the results obtained in previous studies comparing
dedicated cardiac CzT-based camera with Anger cameras from various suppliers [1-3].
As a result, CzT detector can better discriminate the photoelectric peaks of two iso-
topes with a close photon energy emission, such as *™Tc and '*’I. The introduction of
a multipurpose CzT based camera offers the possibility to use two isotopes simultan-
eously and may yield new indications [8].

Sensitivity comparison of two systems based on different architecture is difficult, as
results depend closely on measuring conditions. To avoid conditions that would favour
one of the two systems, sensitivity was estimated for different measurement settings
and source geometries. This study showed a higher sensitivity of the CzT camera, what-
ever the source geometry, and with or without the use of the focus mode. This can be
explained by the nature of the detector used, CzT detectors having the particularity to
be more sensitive than Nal detectors. Nevertheless, we saw that the global sensitivity
was much higher when the focus mode was activated for point source imaging, whether
in air or at the centre of the head and body phantoms. This can be explained by the
swipe motion of the detectors during acquisition. In the case where the source is much
smaller than the size of the field of view, photon counts can only be recorded during
the period when the source is facing the detector’s input surface. In order to benefit
from the high sensitivity of CzT detectors, it is therefore important to use the focus
mode to constrain the movement of the detectors to the region to be explored. This
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will be particularly the case for imaging small organs such as the heart, thyroid or
kidneys.

Image quality evaluation using a Jaszczak phantom showed a superior image reso-
lution with more visible rod sections and a significant gain in contrast visible in the
cold spheres, as opposed to results in terms of spatial resolution discussed above. In-
deed, while spatial resolution measured with point sources did not show any significant
difference between the two cameras (Fig. 2), the visual assessment of the resolution
with cold capillaries of the Jaszczak phantom showed a better resolution on the CzT
camera, the smallest rods detectable by the CzT system being 6.4 mm versus 9.5 mm
for the Anger gamma camera, as shown in Fig. 3. Detection of small rods are not only
explained by intrinsic performance of the camera, but also by the proprietary OSEM al-
gorithm used for image reconstruction. Indeed, the proprietary OSEM algorithm used
on the CzT camera includes a pre-iteration convolution kernel allowing noise suppres-
sion and improvement of image quality. In addition, we have seen that the decrease in
acquisition time preserved global image quality for the CzT camera, with in particular,
a much lower noise level under conditions of low count statistics compared to the
Anger camera. The gain in sensitivity combined with better image contrast, uniformity
and noise level made it possible to reduce acquisition time by a factor of about 2 or 3
to obtain an image quality similar to that obtained with the Anger camera.

Clinical images obtained for a set of clinical applications and a variety of radiophar-
maceuticals, ranging from the widely used *™Tc to the biodistribution of ***Ra, in line
with phantom measurements, demonstrated the superiority of the CzT camera in terms
of image quality, with a gain in image contrast compared to the Anger camera when
the same acquisition time was used. The impact of acquisition time reduction on image
quality has not yet been assessed in clinical conditions, which can be regarded as a limi-
tation of the present study. Further studies are ongoing to demonstrate that a gain in
sensitivity makes possible the decrease of acquisition time and/or activity administered
to the patient, as demonstrated by our phantom measurements. This may drastically
change patient management. In particular, scan time reduction may allow the direct
use of 3D imaging instead of planar imaging or extend the exploration length without
increasing the duration of the examination. Additionally, as shown in Fig. 6, the gain in
sensitivity is expected to be useful in situations where a low count statistic is faced,
such as the biodistribution imaging of **Ra. Moreover, we have seen that the focus
mode considerably improved count performance. Therefore, the use of this mode will
optimize the imaging of small organs, such as the heart or thyroid, as shown in Fig. 5.

Conclusion

Measurements performed in this study to compare the performance of the newly avail-
able 3D SPECT CzT based system to a conventional Anger camera showed a better
sensitivity, energy resolution and image contrast. The increased sensitivity observed
using the focus mode paves the way to a significant reduction in acquisition time and
total activity injected into patients for medium or small size organs. Given the impact
that dedicated cardiac CzT has had on patient management in nuclear cardiology, the
availability of a multipurpose CzT camera could impact all conventional nuclear medi-
cine practices in the same way.
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mean square noise; ROI: Region of interest; SPECT: Single photon emission computed tomography

Authors’ contributions

CD, NA and DA contributed to study design. CD and NA contributed to study coordination. CD, MAB, CN, BE and NA
contributed to data gathering. CD and NA contributed to data analysis. CD and NA contributed to manuscript writing.
All authors read and approved the final manuscript.

Authors’ information

CD is an expert in medical radiation physics from the department of Nuclear Medicine, University Hospital, Caen,
France.

MAB is a research Engineer at Normandie University, Caen, France.

NA, CN and BE are nuclear medicine physicians at the University Hospital, Caen, France.

DA is head of the department of Nuclear Medicine, University Hospital, Caen, France.

Funding
This project was funded by a Region de Normandie RIN 2017.

Availability of data and materials
Data are available upon reasonable request.

Ethics approval and consent to participate

As part of the FDA clearance scheme, several patients were imaged within the framework of a phase | study approved
by the regional Ethics committee under the number ID RCB: 2017-A01448-45, registered at clinicaltrials.gov with the
following number: NCT03438123

Consent for publication
Not applicable.

Competing interests
DA and NA: travel grant (Spectrum dynamics), DA: honourarium (Spectrum dynamics).
The other authors declare that they have no competing interests.

Author details
'Department of Nuclear Medicine, Caen University Hospital, Avenue de la cote de Nacre, 14033 Caen Cedex 9, France.
’Normandie University, Caen, France. 3Inserm Anticipe, Normandie University, Caen, France.

Received: 14 June 2019 Accepted: 26 February 2020
Published online: 17 March 2020

References

1. Erlandsson K, Kacperski K, van Gramberg D, Hutton BF. Performance evaluation of D-SPECT: a novel SPECT system for
nuclear cardiology. Phys Med Biol. 2009;54(9):2635-49.

2. Gambhir SS, Berman DS, Ziffer J, Nagler M, Sandler M, Patton J, et al. A novel high-sensitivity rapid-acquisition single-
photon cardiac imaging camera. J Nucl Med. 2009;50(4):635-43.

3. Imbert L, Poussier S, Franken PR, Songy B, Verger A, Morel O, et al. Compared performance of high-sensitivity cameras
dedicated to myocardial perfusion SPECT: a comprehensive analysis of phantom and human images. J Nucl Med. 2012;
53(12):1897-903.

4. Takahashi Y, Miyagawa M, Nishiyama Y, Ishimura H, Mochizuki T. Performance of a semiconductor SPECT system:
comparison with a conventional Anger-type SPECT instrument. Ann Nucl Med. 2013;27(1):11-6.

5. Buechel RR, Herzog BA, Husmann L, Burger IA, Pazhenkottil AP, Treyer V, et al. Ultrafast nuclear myocardial perfusion
imaging on a new gamma camera with semiconductor detector technique: first clinical validation. Eur J Nucl Med Mol
Imaging. 2010;37(4):773-8.

6. Nkoulou R, Pazhenkottil AP, Kuest SM, Ghadri JR, Wolfrum M, Husmann L, et al. Semiconductor detectors allow low-
dose-low-dose 1-day SPECT myocardial perfusion imaging. J Nucl Med. 2011,52(8):1204-9.

7. Barone-Rochette G, Zoreka F, Djaileb L, Piliero N, Calizzano A, Quesada JL, et al. Diagnostic value of stress thallium-201/
rest technetium-99m-sestamibi sequential dual isotope high-speed myocardial perfusion imaging for the detection of
haemodynamically relevant coronary artery stenosis. J Nucl Cardiol. 2018:1-11.

8. Blaire T, Bailliez A, Ben Bouallegue F, Bellevre D, Agostini D, Manrique A. First assessment of simultaneous dual isotope
((123)1/(99m)Tc) cardiac SPECT on two different CZT cameras: A phantom study. J Nucl Cardiol. 2018;25(5):1692-704.

9. Imbert L, Roch V, Merlin C, Djaballah W, Cachin F, Perrin M, et al. Low-dose dual-isotope procedure planed for
myocardial perfusion CZT-SPECT and assessed through a head-to-head comparison with a conventional single-isotope
protocol. J Nucl Cardiol. 2018;25(6):2016-23.

10.  Morelle M, Bellevre D, Hossein-Foucher C, Manrique A, Bailliez A. First comparison of performances between the new
whole-body cadmium-zinc-telluride SPECT-CT camera and a dedicated cardiac CZT camera for myocardial perfusion
imaging: Analysis of phantom and patients. J Nucl Cardiol. 2019.


http://clinicaltrials.gov

Desmonts et al. EJNMMI Physics (2020) 7:18 Page 16 of 16

11. Goshen E, Beilin L, Stern E, Kenig T, Goldkorn R, Ben-Haim S. Feasibility study of a novel general purpose CZT-based
digital SPECT camera: initial clinical results. EINMMI Physics. 2018;5(1):6.

12. Graham LS, Fahey FH, Madsen MT, van Aswegen A, Yester MV. Quantitation of SPECT performance: report of task group
4, nuclear medicine committee. Med Phys. 1995;22(4):401-9.

13. Loening AM, Gambhir SS. AMIDE: a free software tool for multimodality medical image analysis. Mol Imaging. 2003;2(3):
131-7.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	CzT camera
	Anger camera
	Patient examinations
	Extrinsic resolution
	Tomographic resolution
	Energy resolution
	Tomographic sensitivity
	Image quality
	Image contrast
	Tomographic uniformity
	Clinical images

	Results
	Extrinsic resolution
	Tomographic resolution
	Energy resolution
	Tomographic sensitivity
	Image quality
	Image contrast
	Tomographic uniformity
	Clinical images

	Discussion
	Conclusion
	Abbreviations
	Authors’ contributions
	Authors’ information
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

