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Abstract—The objective of this work is to evalu-
ate the shielding requirements of a SPECT insert for
installation in the Siemens Biograph mMR in order
to perform simultaneous SPECT/MR imaging of the
human brain. We intend to use the radionuclides °°™Tc,
1231 and ''In. The main photopeaks of these radionu-
clides have the following energies: 140.5, 159.0, 171.3
and 245.4 keV. There is also about ~3% of emission
probability of high energy gamma photons for 231 in
the range of 248-784 keV. The main constraints to
the design of the gamma shielding are the presence of
high energy photons, the weight, the MR compatibility
and the PET LSO crystals intrinsic activity. We used
GATE to simulate a SPECT acquisition, defining an
MRI system with LSO crystals, a partial SPECT ring
and a NEMA phantom. We also defined a lead (Pb)
base plate (BP) to simulate the support system and
three Pb shielding volumes with variable thickness:
front and end (FE), back (B), and lateral (L) shield.
These volumes reduce interference from out-of-field
activity, LSO intrinsic activity and edge effects, re-
spectively. We performed 4 sets of simulations, with
variable FE, variable B, variable L and variable BP
thickness, respectively, with a NEMA phantom filled
with 185 MBq of 231 or !!'In. For all simulations,
we compared the different energy spectra and count-
distribution plots. Results show that a Pb shielding
configuration with a thickness of 6 mm-F, 2 mm-E,
3 mm-B, and 5 mm-L is appropriate for the insert. For
1231 there is still a high contribution from high energy
photons, as the amount of shielding is limited by weight,
however this contribution is likely to be overestimated
in the simulations as compared to practice. The effect
of the LSO intrinsic activity is negligible at the energies
of interest.

Index Terms—SPECT/MR, SPECT insert, multi-
modality, gamma shielding.

I. INTRODUCTION

HE main goal of this work was to evaluate the shield-

ing requirements of a SPECT insert for installation
in the Siemens Biograph mMR [1] using Monte Carlo-based
simulations.
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Fig. 1. Configuration of the simulation setup used in GATE.

The SPECT insert will consist of a partial ring of
20 detectors with 5x10 cm SiPM readout units, 8 mm-
thickness CsI crystals and a mini-slit-slat (MSS) collimator
[2]. The expected intrinsic resolution is 0.8 mm [3] and the
target resolution 10 mm at the centre of the FOV. With the
purpose of enhanced stratification of brain tumour patients,
we intend to use ™Tc, 23] and '''In as the radionuclides
of interest when performing simultaneous SPECT/MR
imaging. The main photopeaks of these radionuclides have
the following energies: 140.5 keV (?9™Tc), 159.0 keV (1231),
171.3 keV and 245.4 keV (111In). In addition, there is a small
percentage (~3%) of emission probability of high energy
gamma photons for 23T in the range of 248-784 keV.

Considering that the SPECT insert will be installed in
a PET/MR system, there might be some backscatter in
the bore, specially due to the high energy gamma photons.
In addition, the PET LSO crystals have intrinsic activity
[4] due to the presence of 1"Lu, which emits photons at
88.4 keV, 201.8 keV and 306.8 keV [5]. These photons
can then be detected by the SPECT insert if appropriate
shielding is not in place. Therefore our objectives were
to assess and evaluate the need for gamma shielding of
the detection units, like in a standard gamma camera, in
order to minimise the backscatter due to activity in the
patient outside the FOV and the LSO intrinsic activity
interference.

II. MATERIALS AND METHODS

We used GATE [6] to simulate the SPECT acquisition.
Primarily, we defined three main volumes with specific
attenuating media: the MRI system, the SPECT insert and
a NEMA phantom (Fig. 1). The MRI system was set up as
a cylindrical aluminium volume, with a thickness of 250 mm
and a length of 1594 mm, and 56 blocks of LSO in a ring



Fig. 2.

Shielding volumes.

configuration to mimic the PET crystals ring. Each block
had a size of 20x32x256 mm? and a '"®Lu-based activity
of 45 kBq, amounting to a total intrinsic activity for the
ring of 2.5 MBq. The SPECT insert was defined as a partial
ring of 20 detection modules composed of a water cooling
block, a silicon layer and a Csl crystal in a trapezoidal
shape. For each detection module, a corresponding lead
(Pb) collimator was added with the MSS design. The
NEMA phantom was defined as a water cylinder with
a radius of 102 mm and a length of 700 mm.

Secondly, we defined a Pb base plate (BP) to simulate
the support system and three Pb shielding volumes with
variable thickness t: front and end (FE), back (B), and
lateral (L) shield (Fig. 2). FE shield reduces the interference
of photons from out-of-field activity. B shield reduces
interference from backscatter and LSO intrinsic activity.
Finally, L shield reduces detector edge effects.

Finally we used the visualization software OGLSX to
confirm the right positioning of the volumes in the GATE
space.

We performed 4 sets of simulations with a !23I-filled
NEMA phantom with 185 MBq of activity:

o variable thickness FE tpg = {0, 5,6,10,15} mm and
remaining shield volumes thickness fixed tg = 6 mm,
t;, = 15 mm, tgp = 3 mm (an extra simulation with
different F and E shields thickness, tp = 6 mm and
tg = 2 mm, was also performed);

o variable thickness B tg = {0,2,3,4,6} mm and

remaining shield volumes thickness fixed tpg = 15 mm,
ty, = 15 mm, tgp = 3 mm,;

o variable thickness L ¢;, = {0,1,3,5,10,15} mm and
remaining shield volumes thickness fixed tpg = 15 mm,
tg = 6 mm, tgp = 3 mm,;

o variable thickness BP tpp = {0,1,2,3} mm and
remaining shield volumes thickness fixed tpg = 15 mm,
tg = 6 mm, t;, = 15 mm.

The same set of simulations were also performed for a
11Tp-filled NEMA phantom.

All simulations were run for 1-second acquisition time.
This is a short acquisition time when compared to practice,
but it is enough to obtain the energy spectra and reduces
the simulation time significantly. In the case of 1231, only
two photopeaks were modelled to further simplify the
simulation, 159 keV (83%) and 529 keV (3%) to account
for the high energy photons.

The obtained energy spectra and detected counts dis-
tribution were extracted from the GATE .root files and
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Fig. 3. Energy spectra obtained with 1231 for variable FE shields.

compared for all cases, to select the most suited shielding
configuration for the SPECT insert.

With the final design of shielding, the effects of the LSO
intrinsic activity were assessed comparing non-shielded to
shielded SPECT insert. Furthermore, a simulation with
99mTe was also performed to obtain the energy spectrum
for this radionuclide.

III. RESULTS

Fig. 3, 5 and 13 show the energy spectra obtained with
1231 for simulations with variable FE, B and BP thickness,
respectively. The different colours correspond to a different
thickness of the shielding. For viewing purposes (different
scale), the spectrum for simulations without shielding is
not shown. For "'In, Fig. 4, 6 and 14 show the energy
spectra for the simulations described previously.

Fig. 7, 9 and 11 show the planar, trans-axial and last
detector count-distribution plots for 231 simulations with
variable FE, B and L thickness, respectively. Each dot
corresponds to a detected event. Peak 1 refers to 159 keV
and peak 2 to 529 keV. For '''In, Fig. 8, 10 and 12 show the
corresponding count-distribution plots for the simulations
described previously. In this case, peak 1 refers to 171 keV
and peak 2 to 245 keV.

Fig. 15 shows the energy spectra for simulations with
176 u with and without the final shielding design.

Fig. 16 shows the energy spectra obtained with %™ Tc,
123T and "'In for the final shielding design. The 9°™Tc and
1Ty photopeaks have good definition, but the '22I one
has a high background.

IV. DISCUSSION

Analysing the plots of Fig. 3-4, both energy spectra show
a reduction of counts with thicker FE shielding. Considering
the simulations with tg = 6 mm and tg = 2 mm, the
accumulation of counts at the front and back edge of
the detectors is reduced for the first peak of 231, but
not for the second high energy peak, when compared to
the no FE shielding case (Fig. 7). However, the shielding
weight required to stop these photons would overload the
system. For 1In (Fig. 8), the count-distribution along
the detectors is uniform, as opposed to the absence of FE
shielding case.
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Fig. 4. Energy spectra obtained with '''In for variable FE shields.
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Fig. 5. Energy spectra obtained with 1231 for variable B shields.
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Fig. 6. Energy spectra obtained with 11'In for variable B shields.
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Fig. 7. Distribution of counts along four detectors in the ring obtained
with 1231 for variable FE shields.
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Fig. 8. Distribution of counts along four detectors in the ring obtained
with 111In for variable FE shields.
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Fig. 9. Trans-axial distribution of counts along one detector in the
ring obtained with 1231 for variable B shield.
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Fig. 10. Trans-axial distribution of counts along one detector in the
ring obtained with 1M In for variable B shield.
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Fig. 11. Distribution of counts along the last detector of the partial
ring obtained with 231 for variable L shield.
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Fig. 12. Distribution of counts along the last detector of the partial
ring obtained with ' In for variable L shield.
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Fig. 13. Energy spectra obtained with 1231 for variable BP shields.
800
f
600 A i
@ | H
2 400 | ‘
B, |
o
A Wi,/ , /
200 Vi | |
/ /
o/ aad \
00 0.1 0.2 ‘ 0.3 0.4 0.5 0.6
energy [MeV]
Fig. 14. Energy spectra obtained with 1*1In for variable BP shields.
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Fig. 15. Energy spectra obtained for "Lu with and without
shielding.
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Fig. 16. Energy spectra obtained for 99™Tc, 111In and 1231 with the
final shielding.

For the B shielding, a thickness of 2 mm reduces the
accumulation of '23I counts at the back of the detector
(Fig. 9). However, in the energy spectrum, the peak at
159 keV is broadened by scatter from the high energy peak
(Fig. 5), making tg = 3 mm a better option. This shielding
thickness is also suitable in the case of ''In (Fig. 6 and
Fig. 10).

When comparing the simulations with variable L shield
thickness, the energy spectra are not affected by the
thickness, so it is important to check the count-distribution.
The edge effects in the last detectors of the partial ring
disappear with 1, = 5 mm for both 23] and "'In (Fig. 11
and Fig. 12).

We observed no differences in the energy spectra ob-
tained for different thicknesses of the base plates (Fig. 13
and Fig. 14), so the best option for support should be
considered.

Based on these results, the suggested shielding for the
SPECT insert is tp = 6 mm, tg = 2 mm, ¢tg = 3 mm, and
tr, = 5 mm. With this shielding, the photopeak count rate
per detector reduces by a factor of 94 for 11'In (171 keV)
and 39 for 231 (159 keV). The activity in the FOV is
representative of the activity in the brain, but not outside
the FOV, where it will accumulate only in some organs
of the patient. Therefore, the high contribution from the
high energy photons in the case of 2% is likely to be
overestimated compared to practice, due to the use of the
NEMA phantom in the simulations. The estimated weight
of the total shielding is 5.4 kg, which is not a limitation
for the system.

Regarding the effects of the PET LSO crystals, without
shielding, there is a relatively high contribution of '"*Lu
photons in the range of 100-200 keV. When simulating
with the total shielding selected previously, the effect of
the LSO intrinsic activity is negligible for the energies of
interest (Fig. 15).

As future work, we plan to confirm our results with a
more realistic phantom.

V. CONCLUSION

Gamma shielding of the SPECT detectors plays an
important role in image quality, specially for installation



in a PET/MRI system due to the intrinsic activity of the
PET LSO crystals.

This work suggests that a Pb shielding configuration

with thickness of 6 mm-front, 2 mm-end, 3 mm-back, and
5 mm-lateral is appropriate for the SPECT insert.
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