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Abstract

Ultra-high-resolution SPECT images can be obtained with focused
multipinhole collimators. Here we investigate the influence of unwanted high
tracer uptake outside the scan volume on reconstructed tracer distributions
inside the scan volume, for ®™Tc-tetrofosmin myocardial perfusion scanning in
mice. Simulated projections of a digital mouse phantom (MOBY) in a focusing
multipinhole SPECT system (U-SPECT-II, MILabs, The Netherlands) were
generated. With this system differently sized user-defined scan volumes can
be selected, by translating the animal in 3D through the focusing collimators.
Scan volume selections were set to (i) a minimal volume containing just the
heart, acquired without translating the animal during scanning, (ii) a slightly
larger scan volume as is typically applied for the heart, requiring only small
XYZ translations during scanning, (iii) same as (ii), but extended further
transaxially, and (iv) same as (ii), but extended transaxially to cover the full
thorax width (gold standard). Despite an overall negative bias that is significant
for the minimal scan volume, all selected volumes resulted in visually similar
images. Quantitative differences in the reconstructed myocardium between gold
standard and the results from the smaller scan volume selections were small;
the 17 standardized myocardial segments of a bull’s eye plot, normalized to the
myocardial mean of the gold standard, deviated on average 6.0%, 2.5% and
1.9% for respectively the minimal, the typical and the extended scan volume,
while maximum absolute deviations were respectively 18.6%, 9.0% and 5.2%.
Averaged over ten low-count noisy simulations, the mean absolute deviations
were respectively 7.9%, 3.2% and 1.9%. In low-count noisy simulations, the
mean and maximum absolute deviations for the minimal scan volume could
be reduced to respectively 4.2% and 12.5% by performing a short survey scan
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of the exterior activity and focusing the remaining scan time at the organ of
interest. We conclude that reconstructed tracer distribution in the myocardium
can be influenced by activity in surrounding organs when a too narrow scan
volume is used. With slightly larger scan volumes this problem is adequately
suppressed. This approach produced a smaller mean deviation and may be more
effective than employing a narrow scan volume with an additional survey scan.

(Some figures may appear in colour only in the online journal)

1. Introduction

Molecular imaging has proven to be very valuable in studying human disease and development
of new pharmaceuticals and tracers (Pysz et al 2010, Massoud and Gambhir 2003, Hoffman and
Gambhir 2007). With the goal of translation to clinical medicine, radionuclide techniques such
as single photon emission computed tomography (SPECT) and positron emission tomography
(PET) can be used to quantitatively study many molecular mechanisms in small animals
(King et al 2002, Rowland and Cherry 2008, Franc et al 2008, Golestani et al 2010,
Tsui and Kraitchman 2009). Over the past decade, small-animal SPECT has undergone
rapid development and improvements in performance (Meikle et al 2005, Beekman and
van der Have 2007). In particular, spatial resolution has reached the subhalf-millimeter
range, using multipinhole collimators exploiting high magnification factors (Beekman
et al 2005, van der Have et al 2009), while high quantitative accuracy has been reached
(Wu et al 2010, Vanhove et al 2009, 2010).

Strong increase of multipinhole sensitivity in SPECT in organs or tumours can be reached
when pinholes are focused on a central scan volume (e.g. Beekman et al 2005, van der Have
et al 2009, Funk et al 2006a, DiFilippo 2008, Vunckx et al 2009, Shokouhi et al 2009). Such
multipinhole geometries, with pinholes focused on a relatively small central scan volume, can
also be used to scan larger volumes—up to total body imaging (Vastenhouw and Beekman
2007). Count yield from a specific organ or a tumour can be increased by confining the scan
volume to the region that contains the tissue of interest (Branderhorst ef al 2010, Beekman
et al 2005, Vastenhouw et al 2007). Special tools for targeting the focus accurately to tissues
of interest have been proposed in Branderhorst et al (2010) and Baiker et al (2009).

In many cases, a consequence of truncating projections is artefacts that can appear in both
analytical and iterative SPECT image reconstruction (Zeng and Gullberg 1990, Lalush and
Tsui 2000, Xiao et al 2010, Gregoriou et al 1995). However, in some circumstances it has
been shown that if truncated projections sample a small region-of-interest (ROI) sufficiently,
that ROI can still be reconstructed accurately (Clackdoyle and Defrise 2010). Some evidence
suggests that iterative reconstruction methods can recover larger ROIs than analytic algorithms
(Clackdoyle ef al 2004), and that they can provide reliable reconstructions for some truncation
situations where traditional analytical methods fail (Manglos ef al 1993, Kadrmas et al 1995,
Zhang and Zeng 2007). However, quantification of the uptake inside an iteratively reconstructed
ROI in SPECT may contain a bias depending on the amount of activity that is present outside
the ROI (Zeng et al 2010, Maass 1992). A general theory for how much a reconstruction
from truncated pinhole projections will be quantitatively affected has not been established yet.
The aim of the present paper is to investigate empirically how severely focused multipinhole
cardiac mouse SPECT scans are affected by truncation.
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Figure 1. (a) Three-dimensional illustration of simulated general-purpose mouse collimator with
heart in focus area of collimator. (b) Collimator with outer shielding tube that avoids overlapping
projections on the detector. (c) Schematic cross sections of field-of-view (FOV) and central-field-
of-view (CFOV) in simulated collimator, showing how MOBY phantom is truncated in various
pinhole projections (1: myocardium, 2: liver, 3: gallbladder).

2. Methods

Simulations of a digital mouse phantom were performed in a focusing multipinhole SPECT
system. The use of a digital phantom enables the emulation of activity distributions with
realistic organ shapes, in which the uptake concentrations can be easily changed. This section
first explains the simulated SPECT system. Next, details are provided on how the projection
data and the phantom were generated. Then the reconstruction and analysis of the images are
described.

2.1. Multipinhole SPECT system

The simulations were based on the geometry of the U-SPECT-II (van der Have et al 2009), a
multipinhole SPECT scanner for imaging rodents. It employs a stationary detector array with
exchangeable collimators for differently sized animals or for specific organs (van der Have
et al 2009, Beekman et al 2009). In this study, we simulated a mouse collimator consisting of
a tungsten cylinder with 75 pinhole apertures (0.6 mm) that together observe a field-of-view
(FOV) of which the shape is illustrated in figures 1(a) and (c). The pinhole geometry is chosen
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such that the region observed through all pinholes simultaneously is located in the centre of the
collimator. For this relatively small part of the entire FOV and a small margin around it, together
referred to as the central field of view (CFOV, figure 1(c)), complete data acquisition is obtained
without translation of the bed. In the U-SPECT-II general-purpose mouse collimator, the region
observed through almost all pinholes simultaneously, and therefore providing complete data,
is approximately a cylinder of length 7.5 mm and diameter 12 mm. In addition, an outer tube
with square holes is used (figures 1(b) and (c)), which results in trapezium-shaped gamma
radiation beams. Both the inner and the outer tubes are made of tungsten (thickness of each
tube is 7.5 mm).

The combination of the cylindrical collimator and the outer tube determines the truncation,
which is illustrated in figure 1(c). A transaxial cross section through the central ring of pinholes
is shown together with a representative longitudinal cross section, which slightly deviates
from reality since the pinhole positions in the rings are rotated 8° as opposed to each other
(figures 1(a) and (b) (Beekman 2004)). Pinholes in the second and fourth ring are tilted by
18° and in the outer rings by 34°. From figure 1(c) it is clear that activity from parts of organs
such as the liver and gallbladder can be projected through some but not all pinholes.

Activity outside the CFOV also contributes to the projection data, but in order to
obtain complete data from a volume that is significantly larger than the CFOV, the system
automatically translates the focus over the pre-selected volume of interest using a motor-
controlled XYZ stage (Branderhorst ef al 2010). Using multiple bed positions is the standard
procedure with a U-SPECT system and the effect of the FOV size on the signal-to-noise ratio
has been investigated in Branderhorst et al (2010). Since the movements can be done very
quickly, fast dynamic and gated imaging is possible even for total body imaging (Vaissier
et al 2010).

2.2. Phantom

The MOBY digital mouse phantom (Segars et al 2004) was used as a realistic model of a
laboratory mouse. For this study, the MOBY phantom was adapted to also incorporate the
gallbladder. The phantom was resized to 0.89 times the default size, such that the resulting
mouse model had a heart that has average dimensions for mature C57BL /6 mice (Wiesmann
et al 2001). Activity uptake in the various phantom organs was set corresponding to the
biodistribution reported by Amano et al (1998), who estimated the average *°™Tc-tetrofosmin
concentration per organ at 3 h after injection based on gamma well counter measurements for
five BALB/c nude mice. Relative tracer uptake concentration ratios between the heart and
other organs were set equal to the ratios between the %ID g~! values measured by Amano
et al. Since no studies could be found reporting reliable data on *™Tc-tetrofosmin uptake in
the gall bladder, we estimated the gallbladder/heart ratio from a volume of interest (VOI)
analysis in three previously acquired **™Tc-tetrofosmin mouse myocardial perfusion scans,
which were performed in accordance with international guidelines on handling laboratory
animals under approval by the local ethical committee. To prevent segmentation inaccuracies
due to motion of the heart, the gallbladder/heart ratio was obtained indirectly by measuring
the gallbladder/liver ratio. The resulting biodistribution is listed in table 1. Uptake in all
non-mentioned organs was assumed to be uniformly distributed, with the same concentration
as set for muscle tissue. The phantom was generated on a 0.09375 mm isotropic voxel grid.
Three lesions were introduced into the left ventricular myocardium, one in each of the apical,
mid- and basal regions. These lesions, affecting respectively 1.3, 1.7 and 2.3 ul of myocardial
tissue, were modelled as pie-shaped wedges in which all myocardial voxels were reduced to
40% of the normal myocardial uptake.
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Table 1. Tracer uptake concentration relative to heart for various tissues in phantom.

Ratio Value
Liver/heart 0.16
Gallbladder/heart ~ 7.63
Intestine /heart 2.26
Lung/heart 0.11
Kidney/heart 0.71
Spleen/heart 0.06
Stomach/heart 0.94
Blood/heart 0.04
Bone/heart 0.11
Muscle/heart 0.34

2.3. Scan volume selections

To study the influence of truncation, the following scan volume selections were tested: (i)
minimal: a minimal volume containing just the heart, acquired without translating the animal
during scanning; (ii) typical: a slightly larger scan volume as is typically used for imaging
the heart, requiring only small XYZ translations during scanning; (iii) extended: same as (ii),
but extended slightly in the transaxial directions; and (iv) maximal: same as (ii), but extended
maximally in the transaxial directions, covering the full thorax width. As the scan volume
selection is extended, some otherwise truncated parts become sampled by the CFOV, which
decreases the level of truncation. The resulting CFOV locations for each of the scan protocols
are shown in figure 2(a), ordered by increasing level of truncation. Figure 2(b) shows an
additional scan protocol, which is similar to the minimal scan protocol but sacrifices 18%
of the scan time to perform a short survey scan that samples most of the truncated activity.
During image reconstruction, the projections are weighted according to the time spent in the
corresponding bed positions. Figure 3 shows an example result from a real ™ Tc-tetrofosmin
scan in which a typical scan volume with four CFOV positions was employed, similar to the
typical volume shown in figure 2.

2.4. Simulation of acquisitions

Emission projection data from the digital phantom were simulated using the system matrix.
Because the system matrix was derived from a large series of point-spread-function (PSF)
measurements (van der Have et al 2008), it includes the effects of distance-dependent detector
and pinhole response including pinhole edge penetration. The activity in the phantom was
scaled such that the total number of counts simulated for the minimal FOV selection was
approximately equal to that obtained in the 3D-targeted scan described in Branderhorst
et al (2010), for which 134 MBq *™Tc-tetrofosmin was injected and the scan duration was
45 min. From the resulting activity distribution, emission projection data were generated using
each of the five FOV selections. Simulations were performed with and without addition of
Poisson-distributed random noise to the generated emission data. Since the aim was to study
the effects of projection truncation, noise fluctuations in the noisy data sets were suppressed
by generating ten different noise realizations for each simulation and averaging over the
results. All simulations were also repeated using a low-count phantom, which was created by
downscaling the activity in the high-count phantom by a factor of four, representing a fourfold
reduction in injected dose or scan duration. Translation of the XYZ stage was simulated by
positioning the phantom at different locations within the support of the system matrix and
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Figure 2. (a) CFOV locations overlaid onto maximum-intensity projections of the phantom for
various scan protocols with increasing level of truncation. From top to bottom: sagittal view,
coronal view, transaxial view. Heart is shown in red for clarity. (b) Like (a) but for minimal scan

protocol with survey scan. Solid line denotes main CFOV location and dashed lines denote exterior
CFOV locations that are scanned only shortly.

OV

Figure 3. Typical images from example ECG-gated **™Tc-tetrofosmin U-SPECT-II scan of mouse
heart in end-diastole, showing myocardial perfusion even in papillary muscles and right ventricular

wall.
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computing one forward projection for each bed position. The same system matrix can be used
for all bed positions by restricting all bed shifts to an integer times the voxel size (Vastenhouw
and Beekman 2007).

2.5. Image reconstruction

Images were reconstructed using pixel-based ordered subset expectation maximization
(POSEM) incorporating an accurate system matrix (van der Have et al 2008). POSEM
iteratively updates the activity estimate according to Hudson and Larkin (1994) but using a
subset choice that is more robust than standard OSEM for multipinhole SPECT reconstruction,
in particular when high acceleration factors are used (Branderhorst e al 2010). Reconstructions
were performed on a 0.1875 mm isotropic voxel grid, using a system matrix that was different
from the matrix used for simulating the acquisitions (which was based on 0.09375 mm
isotropic voxels). This approximately simulates the continuous character of real data. A total
of 36 POSEM iterations with 16 subsets were used for all reconstructions in this study, with
the start image set to a uniformly filled cylinder with inner diameter 26 mm (which equals
the diameter of the animal bed) and length 29.25 mm (which equals the length of the system
matrix support in the Z (longitudinal) direction).

2.6. Image assessment

To investigate the influence of truncated projections on (pre)clinical myocardial perfusion
scoring, the results were assessed visually by inspecting short-axis slices (slice thickness
0.375 mm) with corresponding maximum-count circumferential profiles. In addition, 2D
polar maps were constructed. All image volumes were reoriented, resampled using trilinear
interpolation, and then smoothed using an isotropic 3D Gaussian kernel with o = 0.28 mm
except for the low-count images, which were smoothed with ¢ = 0.32 mm. The Gaussian
kernel parameters were chosen such that the lesions were still clearly visible. The same
procedure of reorienting, resampling, and smoothing with ¢ = 0.28 mm was applied also
directly to the phantom, in order to obtain a true image that was used to judge whether the
reconstruction obtained with the maximal scan protocol replicated the phantom accurately
enough to be used as a gold standard. Circumferential profiles were automatically generated
using a distance-weighted two-part sampling scheme that samples the basal part of the
myocardium cylindrically, and the apical part spherically (Garcia et al 1990). The 2D polar
(‘bull’s eye’) maps were constructed by mapping sequential circumferential profiles, extending
from the apex to the base, into successive rings on the polar map. Differences in the polar
maps between each reconstructed image and the gold standard (the maximal FOV selection)
were calculated for the mean pixel values in the 17 standardized myocardial segments shown
in figure 4.

3. Results

Figure 5 shows that there is an influence of truncated extra-cardiac activity on the reconstructed
myocardium. When performing simulations with surrounding activity present, the myocardial
activity reconstructed using the minimal scan protocol is negatively biased and the resulting
short-axis slice and bull’s eye plot are significantly distorted, compared to the maximal and true
phantom images. However, when performing the same simulations on the myocardial activity
only, with all other activity set to zero, the minimal, maximal and true images are mutually
nearly identical, and almost equal to the maximal and true phantom images obtained from the
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1. basal anterior 7. mid anterior 13. apical anterior
2. basal anteroseptal 8. mid anteroseptal 14. apical septal
3. basal inferoseptal 9. mid inferoseptal 15. apical inferior
4. basal inferior 10. mid inferior 16. apical lateral
5. basal inferolateral 11. mid inferolateral 17. apex

6. basal anterolateral 12. mid anterolateral

Figure 4. Display, on a circumferential polar plot, of the 17 myocardial segments as recommended
in Cerqueira et al (2002).

complete phantom. This clearly demonstrates that the distortions in the images obtained with
the minimal scan volume are caused predominantly by the surrounding activity, whereas the
influence of other parameters such as differences in angular sampling is minimal.

The reconstruction obtained with the maximal scan volume is very similar to the
corresponding true phantom image, both with and without extra-cardiac activity present.
This supports its use as a gold standard which, compared to using the true phantom image
directly, has the advantage that it anticipates deviations due to inaccurate system modelling
and round-off errors during reconstruction.

Figures 6-8 illustrate the effect of varying the level of truncation on the reconstructed
activity in the left ventricular myocardium. Figure 6 shows that the noiseless images obtained
with the extended and typical protocols appear visually almost identical to the gold standard,
although the right ventricular wall appears slightly thinner in the typical case. The minimal
protocol, introducing the highest degree of truncation, produced strong visual distortions in
the noiseless reconstructed images. These distortions disappeared almost completely when
the minimal protocol was augmented with the survey scan. Figure 7 demonstrates that the
reconstructions become more negatively biased when the level of truncation is increased.
However, the different results obtained at the various truncation levels were very similar after
normalization to the mean of the gold standard (the maximal protocol).

The bull’s eye plots in figure 8 show that these observations also apply to other parts
of the myocardium. The corresponding quantitative data in table 2 report that the results
obtained with the minimal + survey scan protocol were the closest to the gold standard, with
average and maximum deviations of respectively 1.8% and 4.4%. This is also reflected in
figures 6 and 8, in which the noiseless minimal 4 survey images are visually the most similar
to the gold standard.
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Figure 5. Short-axis slices (top), bull’s eye plots (middle) and circumferential profiles (bottom)
of slightly blurred true phantom image (left) and of images obtained from noise-free simulations
using maximal and minimal scan protocols (middle and right). Left: simulations with complete
phantom showing distortion for minimal FOV selection. Right: simulations with all extra-cardiac
activity set to zero showing no distortion when the selected area is very small.

The observations made from the noiseless images in figure 6 seem to apply also to the
noisy images, although the truncation effects are less evident because of the noise artefacts,
especially in the low-count images. Figure 7 shows that when averaged, the noisy profiles show
a negative general bias depending on the degree of truncation, which is similar to the noiseless
case. Furthermore, the average noisy profiles resulting from the different scan protocols are

again very similar after normalization.
For low-count noisy projection data, table 3 shows that the typical protocol produced

bull’s eye plots that were on average the most similar to the gold standard (the noiseless
maximal protocol), with average and maximum deviations of respectively 3.2% and 10.0%.
Interestingly, these deviations are even lower than those measured for the minimal + survey
protocol. It should also be noted that even the protocol with the maximum field-of-view
resulted in small average and maximal deviations from the gold standard, which suggests that
the deviations reported for the noisy case may be at least partly caused by noise.

4. Discussion

We have investigated the influence of extra-cardiac activity on the reconstruction of myocardial
uptake distributions in a focusing multipinhole SPECT geometry. Our results demonstrate that
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Figure 6. Representative reconstructed short-axis slices for each of the five scan protocols, with
infarct visible in inferior myocardium. Top: noiseless, high-count noisy and low-count noisy images
normalized to myocardial maximum. Bottom: same as top but normalized to myocardial mean.

if extra-cardiac activity is truncated from the acquired projections, the amount of reconstructed
myocardial uptake is negatively biased depending on the degree of truncation. This finding is
consistent with previous literature (Zeng et al 2010). The bias appears to be approximately
constant over the entire myocardium and the differences between the reconstructions obtained
with various levels of truncation largely disappear after normalization to the mean myocardial
activity.
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Figure 7. Circumferential profiles corresponding to reconstructed slices shown in figure 6. Left:
absolute values. Right: values normalized to myocardial mean. Top: noiseless reconstructions.
Middle: Averaged from ten noisy simulations with error bars representing standard error. Bottom:
like middle row but for noisy simulations with only one-fourth of the counts.

We have also explored the possibility of reducing the bias by sacrificing a small part of
the scan time to perform a short survey scan of the truncated activity. Although this strategy
produced the best results in the noiseless simulations, in the presence of noise the survey scan
seems to be less effective in reducing the truncation bias, even after a very high number of
OS-EM iterations. A possible cause may be that if the number of counts acquired in a survey
scan is below a certain threshold, its reconstruction is dominated too much by noise artefacts
to allow an accurate truncation bias correction. Yet, in our low-count simulations the survey
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Figure 8. Bull’s eye plots for each of the five scan protocols. Top: noiseless, high-count noisy and
low-count noisy images normalized to myocardial maximum. Bottom: same as top but normalized
to myocardial mean.

scan was still able to reduce approximately 75% of the difference in reconstructed uptake
between the highest and the lowest levels of truncation.

An alternative method to reduce artefacts resulting from local tomography and truncated
projections is employing a support prior (Manglos et al 1993). However, this method makes the
reconstructions dependent on the user-defined size and shape of the support prior. Our proposed
method of using a fast survey scan is more robust since its correction is automatically adapted
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Table 2. Differences in noiseless bull’s eye plot myocardial regions between maximal protocol
(gold standard) and all other scan protocols. Values shown are deviations in average pixel-counts
expressed as a percentage of the average pixel-counts in the corresponding region in the gold
standard. All bull’s eye plots were first normalized to their myocardial mean. Maximum absolute
percentage differences are marked in bold italics.

Extended Typical Minimal Minimal + survey

1. Basal anterior 0.7% 1.4% 2.9% 0.6%
2. Basal anteroseptal 1.3% 22% —42% 0.3%
3. Basal inferoseptal —1.4% -3.6% —53% 2.1%
4. Basal inferior 1.5% —3.5% 18.6% 3.4%
5. Basal inferolateral —5.2% —-29% —0.6% 0.3%
6. Basal anterolateral —1.1% 1.5% 1.5% 1.4%
7. Mid-anterior 1.6% 3.1% 12.1% —0.4%
8. Mid-anteroseptal 3.3% 14% —1.7% —2.6%
9. Mid-inferoseptal —0.1% 26% —149% —0.2%
10. Mid-inferior —3.4% —9.0% 10.9% 2.1%
11. Mid-inferolateral —1.1% 1.4% 2.7% 2.1%
12. Mid-anterolateral —2.3% 09% —9.2% —2.3%
13. Apical anterior 2.5% 0.1% 2.2% —4.4%
14. Apical septal —1.1% 23% —3.2% —4.3%
15. Apical inferior —0.6% —1.3% 1.4% 1.4%
16. Apical lateral 3.7% 30% —4.0% 0.8%
17. Apex 0.7% —25% —6.1% —1.5%
Mean absolute deviation 1.9% 2.5% 6.0% 1.8%

Table 3. Like table 2 but showing deviations per region averaged over ten noisy low-count
simulations, using noiseless maximal protocol as gold standard.

Maximal Extended Typical Minimal Minimal 4 survey

1. Basal anterior —0.2% 2.3% 3.9% 7.0% 3.0%
2. Basal anteroseptal —1.2% —0.5% 3.7% 0.0% 0.5%
3. Basal inferoseptal —1.6% 0.6% —58% —10.2% 3.0%
4. Basal inferior 1.8% 2.3% —2.0% 28.4% 12.5%
5. Basal inferolateral 1.7% —4.3% 0.0% 6.0% —0.1%
6. Basal anterolateral 4.1% —2.0% 04% —59% —4.9%
7. Mid-anterior 3.4% 1.9% 5.5% 11.6% 5.8%
8. Mid-anteroseptal —4.2% 2.5% 29%  —0.6% 2.1%
9. Mid-inferoseptal —2.4% —-1.2% 24% -21.5% —0.1%
10. Mid-inferior 0.5% 0.1% —10.0% 7.1% 6.2%
11. Mid-inferolateral —0.2% —0.8% 2.5% 4.4% 1.4%
12. Mid-anterolateral 0.1% —2.6% —-12% —6.5% —7.5%
13. Apical anterior 0.3% 2.7% —0.8% —1.8% —4.8%
14. Apical septal 2.7% —-1.7% -09% —-10.7% —6.1%
15. Apical inferior —1.1% —0.4% —04% —-3.3% —3.6%
16. Apical lateral 1.0% 3.3% 31% —13% —1.7%
17. Apex —3.5% —2.8% —83% —8.3% —8.7%
Mean absolute deviation 1.8% 1.9% 3.2% 7.9% 4.2%

to the activity distribution of each scan individually. Another advantage is that when the survey
scan is performed first, it can also be used for scan planning of the main scan.

In our simulations we accurately modelled distance-dependent detector response and
sensitivity, as it is very accurately incorporated into the system matrix that was used for
simulation. The small contribution of scatter (5—-10% (Meikle et al 2005, Vanhove et al 2009,
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Chen et al 2009)) that is present in *™Tc projections of small objects such as mice, which we
normally correct with the triple-energy-window method was not modelled in the projection
and therefore no correction for this effect was applied either. By both not modelling and
not correcting for detected scatter we minimize the already small bias with real (measured)
data. Attenuation was not modelled since it is complex to combine with a realistic measured
system matrix. Effects of attenuation in mice at 140 keV are small however: when assuming
a conservative average photon path length of 1 cm water, the amount of attenuation is <14%.
This relatively small effect, compared to attenuation in humans, results only in a small quite
global decrease of activity, and a relatively simple Chang correction was proven to be quite
accurate for ?™Tc, even in larger rodents such as rats (Wu et al 2010). However, since we did
not model attenuation during simulation we did not correct for it either to minimize the net
difference between simulation and reality. As a result, our study accurately mimics images
that are corrected for attenuation and scatter with commercially available correction methods
(Chang 1978, Ogawa et al 1991, Wu et al 2010). Due to count losses caused by attenuation
and count increase resulting from detection of scatter, the simulations performed in this study
underestimate the number of detected photons by about 4-9%. This global underestimation
may slightly affect the image noise, but we assume that it has a negligible effect on the reported
errors in the myocardium due to extra-cardiac activity.

Since our simulation employed a static tracer distribution, the sampling of the exterior
bed positions during the survey scan was always consistent with the appearance of the exterior
activity in the projections of the heart. In the case of quickly changing tracer kinetics, the
exterior activity may need to be scanned once for each time frame. On the other hand, for a
long static scan of a slowly changing but dynamic distribution, a good truncation correction
may be obtained using the average of one pre- and one post-scan of the exterior activity.

In this research, the application under study was myocardial perfusion scanning using a
preclinical focusing multipinhole SPECT scanner. Although this is a rather specific application,
our results and recommendations may be generalized to other scan types where uptake outside
the organ of interest is a concern, such as tumour studies, kidney scans and investigations of the
gastro-intestinal tract. In addition, an increasing number of preclinical and clinical scanners
employ a focusing multipinhole SPECT design to obtain increased sensitivity and resolution
(e.g. Beekman and van der Have 2007, Funk et al 2006a, 2006b, DiFilippo 2008, Vunckx
et al 2009, Shokouhi et al 2009, Huang et al 2007, Goorden et al 2009, Bocher et al 2010).

5. Conclusion

Our results indicate that in focused multipinhole SPECT, the reconstructed tracer distribution
in the myocardium is influenced by high activity in surrounding organs, and imaging tasks
that rely on absolute quantification may be adversely affected. However, the classification of
myocardial infarcts is influenced only slightly for typical scan volumes as long as the results
are normalized to the mean myocardial activity. Influence of external tracer uptake can be
reduced by extending the scan volume in the transaxial directions using a very short additional
survey scan.
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