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Abstract

Objective The performance characteristics of the SPECT sub-system S102 of the ALBIRA II PET/SPECT/CT are analyzed
for the 80 mm field of view (FOV) to evaluate the potential in-vivo imaging in rats, based on measurements of the system
response for the commonly used Technetium-99 m (**™Tc) in small animal imaging.

Methods The ALBIRA II tri-modal uPET/SPECT/CT pre-clinical system (Bruker BioSpin, Ettlingen, Germany) was used.
The SPECT modality is made up of two opposite gamma cameras (Version S102) with Sodium doped Cesium lodide
(CsI(Na)) single continuous crystal detectors coupled to position-sensitive photomultipliers (PSPMTs). Imaging was per-
formed with the NEMA NU-4 image quality phantom (Data Spectrum Corporation, Durham, USA). Measurements were
performed with a starting activity concentration of 4.76 MBg/mL **™Tc. An energy window of 20% at 140 keV was selected
in this study. The system offers a 20 mm, 40 mm, 60 mm and an 80 mm field of view (FOV) and in this study the 80 mm FOV
was used for all the acquisitions. The data were reconstructed with an ordered subset expectation maximization (OSEM)
algorithm. Sensitivity, spatial resolution, count rate linearity, convergence of the algorithm and the recovery coefficients
(RC) were analyzed. All analyses were performed with PMOD and MATLAB software.

Results The sensitivities measured at the center of the 80 mm FOV with the point source were 23.1 +0.3 cps/MBq (single
pinhole SPH) and 105.6 +5.5 cps/MBq (multi pinhole MPH). The values for the axial, tangential and radial full width at half
maximum (FWHM) were 2.51, 2.54, and 2.55 mm with SPH and 2.35, 2.44 and 2.32 mm with MPH, respectively. The cor-
responding RC values for the 5 mm, 4 mm, 3 mm and 2 mm rods were 0.60 +0.28, 0.61 +0.24, 0.29+0.11 and 0.20+0.06
with SPH and 0.56 +0.20, 0.50+0.18, 0.38 +0.09 and 0.23 +0.06 with MPH. To obtain quantitative imaging data, the image
reconstructions should be performed with 12 iterations.

Conclusion The ALBIRA II preclinical SPECT sub-system S102 has a favorable sensitivity and spatial resolution for the
80 mm FOV setting for both the SPH and MPH configurations and is a valuable tool for small animal imaging.
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Introduction

Quantitative imaging with a pre-clinical single-photon
emission computed tomography (SPECT) is frequently
used in research with small animal models such as mice
and rats as part of the process for the development of diag-
nostic and therapeutic radiopharmaceuticals. These in-vivo
preclinical studies allow for evaluating the effectiveness
of new radioactive drugs prior to translation to clinical
applications [1-3]. In addition, the combination of such
a molecular imaging device with computed tomography
(CT) provides both structural and functional data allowing
a better analysis of the study images [4, 5].

Analysis of the performance of a molecular imaging
system based on its physical characteristics is an important
task to obtain reliable quantitative images. Factors such as
the system sensitivity, detector linearity, spatial resolution,
recovery coefficients and adequate reconstruction param-
eters are essential for quantitative imaging [6]. Quantita-
tive images are important in molecular radiotherapy for
obtaining accurate biokinetic parameters and dose calcu-
lations [7-9]. Knowing the characteristics of an imaging
system may allow improvements in the images (precision)
and in their quantitation. Thus, for example, based on the
intrinsic point-spread function (PSF) of an imaging system
for a specific radionuclide, some filters or other image pro-
cessing techniques can be used to improve the image spa-
tial resolution. In addition, the system sensitivity can be
used to optimize the amount of injected activity to ensure
adequate image quality. Eventually, the characterization of
the system may allow improvements in the reconstruction
algorithm or the application of advanced post-processing
techniques.

The ALBIRA II pre-clinical SPECT sub-system S102
is part of the second generation trimodal ALBIRA II
PET/SPECT/CT system (Bruker BioSpin, Ettlingen,
Germany), which additionally includes imaging capabili-
ties for positron emission tomography (PET) and computed
tomography (CT). The ALBIRA II SPECT system with the
S102 model gamma camera has the same configuration as
the ALBIRA I SPECT system. The improvements in the
ALBIRA 1II system as compared to its predecessor were
related to PET electronics and hardware. Note that today,
Bruker has introduced a new, third generation ALBIRA
system (ALBIRA Si), that includes silicon-PM (Si) based
PET technology and a new SPECT camera design (called
S108) that forms the ALBIRA Si imaging platform, and
that is different from the ALBIRA II system generation
evaluated in this study.

In our previous study [10], the imaging characteristics
of the Albira Il PET sub-system and the response of the
system for the radionuclides Flourine-18 (ISF), Galium-68
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(68 Ga) and Copper-64 (64Cu) were analyzed. The ALBIRA
II SPECT sub-system offers flexibility to the end user with
several fields of views (FOVs) and collimator configura-
tions. In this study, the performance characteristics of the
device are analyzed for the 80 mm FOV with the single
pinhole (SPH) and multi-pinhole (MPH) collimators to
evaluate the potential of in-vivo imaging in rats, based on
measurements of the system response for the commonly
used radionuclide Technetium-99 m (°*™Tc¢) in small ani-
mal imaging.

Materials and methods
SPECT imaging system

The SPECT sub-system of the ALBIRA II tri-modal system
consists of two opposite gamma cameras (S102 model) with
Sodium doped Cesium Iodide (CsI(Na)) single continuous
crystal detectors with an area of 50 x 50 mm? and a thick-
ness of 4 mm, coupled to position-sensitive photomultipliers
(PSPMTs). Each camera can rotate 180 degrees with a step
size of 6 degrees, enabling a total of 60 projections. The
SPECT system can operate with the SPH and/or the MPH
collimation system. In the SPH case a knife-edge type hole
of 2-mm thickness is drilled in a tungsten foil. The inner
diameter of 1 mm and the outer diameter of 2 mm allow
an acceptance angle of 53 degrees and a focal length of
f=31 mm. The MPH has a focal length of f=31 mm and has
five holes drilled in a 2 mm thick tungsten foil. The diagonal
apertures are located 4 mm from the central hole [11]. Four
different fields of view (FOVs) are available with diameters
of 20 mm, 40 mm, 60 mm and 80 mm, respectively [11].
However, this study shows analyses only with the 80 mm
FOV. In this study, we investigated 80 mm FOV because (1)
the 80 mm FOV is relevant for rat in-vivo imaging and has
been used in preclinical studies [12] and (2) the phantom
used in this study allowed only this FOV to be investigated.
The ALBIRA II software suite (version 09-00128, Bruker
Corporation, Ettlingen, Germany, 2012) was used for all data
acquisitions and reconstructions.

Phantom measurements

To simulate the activity distribution and uptake in a small
animal, a phantom designed by the National Electricals
Manufacturers Association (NEMA) organization was
employed during the experiments. The NEMA NU-4
image quality phantom (NEMA 1Q) (Data Spectrum
Corporation, Durham, USA) is 63 mm long, 33.5 mm in
diameter, and has a side wall thickness of 1.5 mm. The
phantom is divided into three main regions. The first one
is a uniform fillable cylindrical section with a diameter of
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30 mm used to generate a background region. The second
part consists of 5 fillable rods with diameters of 1 mm,
2 mm, 3 mm, 4 mm and 5 mm. The rods are 20 mm long
and are used to generate hot regions. The third region
is a lid that is attached to the uniform region, enclosing
two smaller hollow cylindrical chambers of 14 mm in
length with an outer diameter of 8 mm and a wall thick-
ness of 1 mm. For the measurements, one of the chambers
is filled with non-radioactive water and the other with
non-radioactive air.

In this study, measurements were performed with **™Tc
with radioactivity amounts as described in “SPECT per-
formance analysis” section. To estimate the background
counts, acquisitions with the same settings and setup were
additionally performed with the phantom filled with non-
radioactive water placed in the FOV.

The data were reconstructed with an ordered subset
expectation maximization (OSEM) algorithm and iso-
tropic voxel sizes of 0.85 mm (SPH) and 1.0 mm (MPH)
using an optimized number of iterations (between 2 to
30, see “Region of interest (ROI) analysis” section) and
12 subsets. The reconstructed images were used to ana-
lyze the system sensitivity and its recovery coefficients.
Analyses were performed with the PMOD software ver-
sion 3.6 (PMOD Technologies Ltd., Zurich, Switzerland).

Furthermore, an in-house phantom (Fig. la) was
developed of polymethylmethacrylate (PMMA) with
dimensions of (60 x 60 x 10) mm? containing cylindrical
capillaries (Fig. 1b) with a diameter of 1 mm [10]. This
phantom was used to measure the spatial resolution of the
system at the centre of the FOV.

Fig.1 a In-house developed phantom using polymethylmethacrylate
(PMMA) for spatial resolution measurement using capillaries (blue
arrow indicates the location of the drop of respective radionuclide
activity). b The dimension of the phantom was (60X 60x 10) mm?

SPECT performance analysis
Linearity and sensitivity assessments

To measure the sensitivity of the system, both the NEMA
1Q and the point source phantom were used. The NEMA 1Q
phantom was uniformly filled with radioactivity. To measure
sensitivity with the point-source phantom, a capillary was
filled with a 1 pL **™Tc point-source solution positioned
at the geometric centre of the FOV. The mean activity was
0.39 MBq for the SPH and 0.13 MBq for the MPH. Both
the NEMA IQ and the point-source phantoms were scanned
with the SPH and MPH collimators. The sensitivity of the
detectors was calculated as the ratio between the total num-
ber of events per second (corrected for background) and the
calibrated activity in the phantom.

The linearity of the system was evaluated by measur-
ing the NEMA IQ phantom initially filled with an activ-
ity concentration of ~4760 kBg/mL until the time in which
the activity concentration decayed to a negligible amount
(twelve time-points, each measured for 60 min). The result-
ing counts per second (cps) y were plotted against the decay
corrected activity x and fitted to a paralyzable system func-
tion [13]:

y=a-(x+B)-exp(—(x+B)-1) (1)

where a is the sensitivity of the system [cps MBq™'], Bis the
background activity [MBq] and ¢ is the dead-time [MBq™!].

The linearity of radioactivity and SPECT image count
was investigated to assess the quantitative abilities of the
system. The data acquired to analyse the sensitivity of the
system with the NEMA image quality phantom were used.
All the measurements were reconstructed using 12 iterations
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and contained cylindrical capillaries with a diameter of 1 mm, the
holes were located on the transaxial and diagonal axes, with each of
them 5 mm apart. The four most distant points on the diagonal direc-
tion were located 25 mm from the centre [10]
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(algorithm converged at this iteration number, “Region of
interest (ROI) analysis™ section). The measurement was
done according to NEMA protocol, a VOI was drawn in the
centre of the uniform region of the NEMA image quality
phantom with a 22.5 mm diameter and a 10.2 mm height
for the SPH (12 slices) and 10 mm height for the MPH (10
slices). The data were also fitted to the paralyzable function
shown in Eq. (1).

Region of interest (ROI) analysis

Measurements were performed with the NEMA IQ phantom
filled with ®™Tc and an activity concentration of ~394 kBq/
mL and acquisition time of 30 min. The recovery coefficients
(RC) were calculated as the ratio of the apparent activity in
the rods and the activity in the uniform region.

The optimal number of iterations needed to obtain quan-
titative image data with *™Tc was identified by defining a
convergence criterion for the reconstruction algorithm. The
definition of the convergence criterion was based on the cal-
culation of the variability (Var) according to [14]:

Var = (STD + Ap?)*’

, (@)
where STD is the standard deviation of the measured param-
eter (activity concentration in kBq/mL) and A p is the dif-
ference between the measured parameter and the reference
value. The reconstruction algorithm was considered to be
converged when the Var of the measured parameter from the
reference was minimal.

Spatial resolution

Measurements were performed using the in-house point-
source phantom described in “Phantom measurements”
section, filled with a 1 pL point source solution of **™Tc
positioned at the geometric centre of the FOV. The mean
activities were 0.75 MBq and 0.69 MBq for SPH and MPH
collimation system, respectively. Since an internationally
accepted standard for the performance assessment of a
SPECT system does not exist, we followed the methodolo-
gies described in the NEMA NU-4 2008 standards (i.e. the
accepted criteria to characterize PET systems) for the spa-
tial resolution calculations at the center of the detector’s
FOV for the x, y and z directions [15, 16]. The images were
reconstructed using the OSEM algorithm. The central slice
with the maximum pixel intensity was selected followed
by summing up all the one-dimensional line profiles paral-
lel to the investigated orientation (x, y or z). Parameters of
a parabolic function were fitted to the maximum pixel and
its two neighboring pixels to find the absolute maximum
pixel intensity of the interpolated curve. Finally, the full
width at half maximum (FWHM) is determined using half
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of this maximum value and the full width at tenth maxi-
mum (FWTM) is determined using tenth of the maximum
value by interpolation.

Additionally, this FWHM was corrected for the dimen-
sions of the image pixel and the point-source. The blurring
caused by the system response can be approximated by a
Gaussian function [10]. The one-dimensional profile of the
cylindrical source was approximated to a rectangular func-
tion in x, y and z directions. As a first approximation, these
rectangular functions can be represented also by Gaussian
functions with the same area under the curve and the same
height as the rectangular functions. Hence, the corrected
FWHM of the device is obtained according to:

(FWHM,)’ = (FWHM,,)* — (FWHM,)’, 3)

where FWHM,;, FWHM,, and FWHM correspond to the
FWHM of the detector, the measured (convoluted) FWHM
and the source FWHM, respectively. We use this approxima-
tion for a Gaussian distribution to correct for the dimensions
of the source. All the analyses were performed using MAT-
LAB (R2015a, MathWorks, Natick, Massachusetts, USA).

Image uniformity

The evaluation of the image uniformity was performed
following the NEMA protocol [16]. A cylindrical VOI was
drawn in the center of the uniform region of the NEMA
1Q phantom. The PMOD program was used to perform
the analysis. The following parameters were recorded: the
average activity concentration; the integral uniformity; the
percentage standard deviation; the minimum and maxi-
mum values in the VOI [16].
The integral uniformity (3) was defined as follows:

Integral uniformity
_ maximum voxel value — minimum voxel value

maximum voxel value + minimum voxel value’  (4)

The coefficient of variation (CV) was defined as
follows:

voxel_STD

CV = )
mean_voxel_value

&)

where voxel STD and mean_voxel_value are the standard
deviation and the mean value of the voxel activity in the
VOLI. To investigate the image uniformity, the integral uni-
formity was plotted as a function of the injected activity
(iteration number was fixed to 12) and as a function of the
number of iterations (the activities were 8.10 MBq and
25.03 MBq).
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Results
Linearity and sensitivity assessments

Figure 2 shows NEMA NU-4 phantom images for (A) the
cylindrical rods, (B) the uniform region and (C) the two
chambers filled with air and water. Images were acquired
with the MPH collimator configuration and reconstructed
with 2 iterations. The count rate linearity of the system

Fig.2 The NEMA NU-4
phantom image showing (a

and d) the cylindrical rods, (b
and e) uniform region and (¢
and f) the two chambers filled
with air and water. Images were
acquired with the SPH (a, b and
¢) and MPH (d, e and f) col-
limator configurations using an
activity of ~25 MBq, and were
reconstructed with 2 iterations.
Line profiles are shown for both
SPH and MPH configurations in
the cylindrical rods (g), uniform
region (h) and two chambers
(i). The horizontal line profiles
were drawn through the center
of 5 mm rods (a and d) and

and SPECT image with both the SPH and MPH configu-
ration plotted as a function of the activity are shown in
Figs. 3 and 4, respectively. For both system and SPECT
image linearity, the count rate per second (cps) showed a
linear increase with activity for the SPH configuration.
Using the MPH configuration, a deviation of around 17%
was observed for activity of 100 MBq for SPECT image
linearity. The effect of dead-time to the cps was analyzed
by fitting a paralyzable function to the cps-activity curves
(Figs. 3b and 4b). As a result, the fitting showed good fits
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Fig.3 System linearity for the SPH (a) and MPH (b) configuration
with the fit parameters obtained from the paralyzable system function
Eq. (1). The straight line corresponds to the case with r=0 MBq~..
MPH configuration shows slight bending for higher activities because
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of five times higher counts as compared to the SPH configuration,
however, (Eq. 1) was successfully used to describe this bending and
can be used for correcting the deviation
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Equation{1) a*(x+B ) exp(-(x+B)*1)
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Fig.4 Radioactivity and SPECT image counts linearity for the SPH
(a) and MPH (b) configuration with the fit parameters obtained from
the paralyzable system function Eq. (1). The straight line corresponds
to the case with r=0 MBq~'. MPH configuration shows slight bend-

based on the visualization of the fitted graphs (Figs. 3b
and 4b), coefficient of variation of the fitted parameters
(<50%, except for background activity parameter B for
MPH for the system and SPECT image linearity) and
adjusted R?~ 1. The typical activity used in pre-clinical
imaging is around 4-30 MBq [11, 13]. The purpose of
using the high activity of 100 MBq in our study was to
determine the paralyzable function parameter t in order
to investigate the effect of the dead-time. However, the
activity of 100 MBq would be too high to be used in a
pre-clinical imaging study.

The overall sensitivity measured with the NEMA phan-
tom was 15.7+0.1 cps/MBq (SPH) and 69.2 +0.1 cps/MBq
(MPH). The sensitivity measured at the center of the FOV
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ing for higher activities because of five times higher counts as com-
pared to the SPH configuration, however, (Eq. 1) was successfully
used to describe this bending and can be used for correcting the devi-
ation

with the point source was 23.10+0.3 cps/MBq (SPH) and
105.6 +5.5 cps/MBq (MPH).

Region of interest (ROI) analysis

According to the minimum Var, the OSEM reconstruc-
tion algorithm converged with 12 iterations for all the rods
(Fig. 5) and with 2 to 4 iterations for the uniform region. The
corresponding RC values for the 5 mm, 4 mm, 3 mm and
2 mm rods were 0.60+0.28, 0.61+0.24, 0.29+0.11 and
0.20+0.06 (SPH) and 0.56+0.20, 0.50+0.18, 0.38 +0.09
and 0.23 +0.06 (MPH), respectively (Fig. 6). The RC of
1 mm rod of the NEMA phantom was not distinguishable
from the background in the image for both SPH and MPH.
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o
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Fig.5 Convergence of the OSEM reconstruction algorithm based on the calculation of the variability for the individual rods with the SPH (a)

and MPH (b) configuration, with increasing number of iterations
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Therefore, the RC of 1 mm was not analyzed and was not
reported.

Spatial resolution

The spatial resolution of the system for the SPH and MPH
configurations was calculated at the center of the detector’s
FOV (80 mm FOV setting) for the x, y and z directions based
on the method described in “Spatial resolution” section.
The values of FWHM for the axial, tangential and radial

A 120 1 1 1 1 1 1 1
110 =
100

90
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70
60 1 3
50
40—
%

* 5mm

4mm
4+ 3mm
v 2mm

RC (%)

30
204 =
104 7
0 1 Ll 1 1 Ll 1 1

0 4 8 12 16 20 24 28 32

Iteration

rTrrrrrrra

orientation corrected for the source’s dimensions, were
2.51 mm, 2.54 mm, and 2.55 mm for the SPH and 2.35 mm,
2.44 mm and 2.32 mm for the MPH, respectively (Table 1).

Image uniformity

The calculated image uniformity in both the MPH and the
SPH configurations increased with higher activities (Fig. 7a)
and decreased with higher numbers of iterations (Fig. 7b).
The relative deviation of the integral uniformity between
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Fig.6 Recovery coefficient values for the 5 mm, 4 mm, 3 mm and 2 mm rods of the NEMA image quality phantom with (a) SPH and (b) MPH

collimation systems for different iteration numbers

Table 1 Spatial resolution

Axial Tangential Radial
(FWHM and FWTM) was
calculated based on the methods SPH MPH SPH MPH SPH MPH
described in “Spatial resolution”
section, for the SPH and MPH FWHM (mm) 2.51 2.35 2.54 2.44 2.55 2.32
collimation system FWTM (mm) 478 432 477 4.45 4.95 478
A 12049———L 1 L L1111 B 120 1 1 1 1 1 1 1
110 O SPH 12 iterations |- 110+ -
2100 O MPH 12 iterations [ 2 100 al
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Fig. 7 Integral uniformity as a function of activity with 12 iterations (the OSEM reconstruction algorithm converged with this iteration number,
Fig. 5) (a) and number of iterations (b) for both the SPH and the MPH configurations
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MPH and SPH configuration was (2.2 +9.1)% (Fig. 7a).
Based on the results in Fig. 7b, the relative deviation of the
integral uniformity between MPH and SPH configuration for
activity of 25.03 MBq and 8.10 MBq were (— 4.9+ 15.4)%
and (— 7.6 +7.5)%, respectively.

Discussion

The performance of the S102 SPECT sub-system of the
ALBIRA II tri-modal imaging system was investigated for
the 80 mm FOV with the single pinhole (SPH) and multi-
pinhole (MPH) collimators using *™Tc and the influence
of the imaging characteristics on the accuracy of activity
quantification was determined.

The sensitivity of a SPECT system depends on factors
such as the pinhole aperture diameter, the number of pin-
holes and the distance between the imaged object and the
pinholes [17, 18]. The sensitivity measured with the NEMA
point source was higher than that measured with the NEMA
1Q phantom (32% (SPH) and 34% (MPH) higher) due to
geometry (different source sizes and shapes) and attenua-
tion effects of the NEMA 1Q phantom. However, this result
was expected, as the value calculated using the NEMA 1Q
phantom is more realistic for the analysis in the preclinical
setting.

In Figs. 3 and 4, the response (cps) of the system and
SPECT image counts increases linearly with activity for
the SPH configuration. A slight bending is observed for
higher activities indicating detector saturation for the MPH
configuration. The paralyzable system function (Eq. 1) was
successfully used to fit the data and to describe this bending
(Figs. 3 and 4) and can be used for correcting the deviation.
The detector in the MPH configuration receives about five
times more counts than for the SPH configuration [1]. This
is reflected in a reduced sensitivity at higher activity and is
visible as slight bending of the curve in Fig. 3b (effect of the
detector dead-time).

Based on the calculation of the Var (Eq. (2)) [14], the
OSEM algorithm converged with 12 iterations for all rods
and for both pinhole configurations (SPH and MPH, Fig. 5).
Figure 6 shows the effect of the limited system resolution
(spill-over effect) and the partial volume effect to the RC
values. The maximum recovery of the activity concentra-
tion in the 5 mm rod was around 60%. This result signifies
the effect of partial volume when the lesion size is less than
three times the FWHM of the image resolution [19, 20].

The spatial resolution calculated at the center of the
80 mm FOV shows that the MPH configuration may have a
marginally (around 6%) better resolution than SPH (Table 1).
However, since a measurement of the uncertainty is not
possible for the calculation of the FWHM with the method
described in “Spatial resolution” section, it is difficult to

@ Springer

estimate the FWHM difference between the SPH and the
MPH configurations. Overall, the spatial resolution of the
system with both SPH and MPH configuration was ~2.5 mm
for the FOV of 80 mm. Note that previous studies with the
ALBIRA T system with smaller FOVs have already shown
higher resolution capabilities of the system (FWHM < 1 mm
for a FOV setting of 20 mm) [11, 13]. The spatial resolutions
calculated for the ALBIRA II system in this study are lower
(around 21% for SPH and 7% for MPH) than the spatial
resolutions of the ALBIRA I system reported by Sanchez
et al. [11] for the 80 mm FOV. The spatial resolutions of the
ALBIRA T and the ALBIRA II for the SPH/MPH specifica-
tions are 2.00 mm/2.20 mm and 2.53 mm/2.37 mm, respec-
tively. The origin of the differences is unclear as there are
many confounding factors like the phantoms used for the
analysis, the methods used for the calculation of the FWHM,
the reconstruction algorithms and the noise levels of the
measurements. Specifically, the uncertainties are not given
for the FWHM values by Sanchez et al. [11] and in our study
(the FWHM calculation using the NEMA method does not
provide the uncertainty). Thus, these differences could pos-
sibly be attributed also to the uncertainties.

Due to the physical constraints, the SPH collimator has
low detection efficiency, and the aim of the MPH collimator
is to improve the sensitivity while maintaining the spatial
resolution. The spatial resolution of the MPH configuration
was approximately the same as that of the SPH configuration
while the sensitivity of the MPH configuration is around five
times higher (Table 2 and [11]). Although Fig. 6a and b also
show that the recovery coefficient values for the 5 mm and
4 mm rods are higher for the SPH as compared to the MPH,
these are within the range of the respective standard devia-
tions. Therefore, based on results from this study the MPH
configuration is recommended for future in-vivo studies.

Several studies have shown analyses of different preclinical
SPECT systems previously [21-26]. Table 2 shows a com-
parison of different generations of pre-clinical SPECT systems
available including the 80 mm FOV of the ALBIRA II SPECT
system investigated in this study. From this table, we can see
the influence of the number of detector pairs, collimator design
and the size of the FOV on the resolution and the sensitiv-
ity of a SPECT system. The comparison refers to settings for
rat acquisitions. The ALBIRA system offers the possibility to
use different collimators and FOV sizes. Hence, the SPECT
resolution of ALBIRA system ranges from 0.8 mm with FOV
20 mm [11] to 2.53 mm with FOV 80 mm (this study) and
the sensitivity value ranges from 700 cps/MBq for a FOV of
20 mm [11] to 105 cps/MBq for a FOV of 80 mm (this study).
Based on 80 mm FOV, ALBIRA II SPECT system investi-
gated in this study has a comparable spatial resolution and
sensitivity with the tierSPECT system (Table 2). ALBIRA II
SPECT system has even five times higher sensitivity than tier-
SPECT for the MPH configuration. Based on this evidence,
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Table 2 Comparison of different pre-clinical SPECT systems to evaluate the potential in-vivo imaging in rats

System Detector type Collimator FOV (mm) Resolution FWHM (mm) Sensitivity (cps/MBq)
NanoSPECT R UHR 4 Rotating detector heads MPH (9), @ 1.5 mm 60 1.10 599
(23]
TierSPECT [12] 1 Rotating detector head Parallel hole, Thickness 82 2.08 (object-detector 22
1 mm distance 30 mm)
XSPECT [24] 4 Rotating detector heads MPH (5), @ 0.50, 0.75, 125 0.5-2.0 620
1 mm
YAP-(S)PET [25] 2 Rotating detector heads Parallel hole, thickness 40 3.5 114
0.6 mm
ALBIRA ISPECT [11]* 2 Rotating detector heads SPH, MPH (5), @ 1 mm 80 2.00 (SPH), 2.20 (MPH)® 19 (SPH), 80 (MPH)°
ALBIRA II SPECT*® 2 Rotating detector heads SPH, MPH (5), @ l mm 80 2.53 (SPH), 2.37 (MPH)¢ 23 (SPH), 105 (MPH)*

*Both studies use the SPECT S102 system

5This study

“Note that the sensitivity and spatial resolution differences between ALBIRA I SPECT in the literature [11] and the ALBIRA II SPECT in this
study might come from the methodology (e.g. source type employed). However, as the uncertainty is not given in the numbers, it is unclear if

there is a difference

the ALBIRA II SPECT system has a favorable performance
and can be used as a valuable tool for pre-clinical studies.

The percentage of integral uniformity (calculated using
Eq. 4) is higher for a lower activity and hence the higher the
activity the more uniform the image (Fig. 7a). For an activ-
ity of around 40 MBq the image reached a plateau (Fig. 7a).
SPH and MPH show a similar integral uniformity for the
image reconstruction with 12 iterations (Fig. 7a), although
due to the higher sensitivity (and consequently lower sta-
tistical noise) a better uniformity could be expected for the
MPH configuration. This may be attributed to the image
reconstruction algorithms. For high iteration numbers the
MPH configuration yields images with (slightly) better uni-
formity (Fig. 7b). The better SPH integral uniformity for
lower iteration numbers indicates a possible optimization of
the image reconstruction algorithm for the MPH configura-
tion, specifically with respect to the start of the algorithm.

In general, the ALBIRA II SPECT system has shown
favorable physical characteristics. The measured physical
characteristics of the system are comparable to other com-
mercial systems, e.g. the ALBIRA I SPECT and TierSPECT
system, for the 80 mm FOV based on sensitivity and spatial
resolution. Therefore, pre-clinical studies for the develop-
ment of new diagnostic and therapeutic radiopharmaceuti-
cals can be performed using the ALBIRA II SPECT system
with the recovery coefficients and spatial resolution shown
in this study.

Conclusion
In this study, the performance of the S102 SPECT camera

system was assessed for the 80 mm FOV. The Sodium doped
Cesium lodide (CsI(Na)) continuous single crystal detectors

resulted in a pre-clinically valuable sensitivity even for the
investigated large FOV configuration. The spatial resolution
was comparable to the current pre-clinical systems in the
market. The ability of quantitative image reconstructions
was evaluated based on the recovery coefficients that showed
suitable values. Overall, the system performed adequately
for the investigated radionuclide and the results indicate that
the system is a valuable tool for small animal imaging.
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