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Abstract

Purpose Molecular imaging, particularly PET scanning, has become an important cancer diagnostic tool. Whole-body PET
is not effective for local staging of cancer because of their declining efficiency in detecting small lesions. The preliminary
results of the performance evaluation of designed dedicated breast PET scanner presented.

Methods and materials A new scanner is based on LYSO crystals coupled with SiPM, and it consists of 14 compact mod-
ules with a transaxial FOV of 180 mm in diameter. In this study, initial GATE simulation studies were performed to predict
the spatial resolution, absolute sensitivity, noise equivalent count rate (NECR) and scatter fraction (SF) of the new design.
Spatial wobbling acquisitions were also implemented. Finally, the obtained projections were reconstructed using analytical
and iterative algorithms.

Results The simulation results indicate that absolute sensitivity is 1.42% which is appropriate than other commercial breast
PET systems. The calculated SF and NECR in our design are 20.6% and 21.8 kcps. The initial simulation results demonstrate
the potential of this design for breast cancer detection. A small wobble motion to improve spatial resolution and contrast.
Conclusion The performance of the dedicated breast PET scanner is considered to be reasonable enough to support its use
in breast cancer imaging.

Keywords Dedicated breast PET - Monte Carlo simulation - NEMA - Wobbling

Introduction [4] have been widely used in the detection of breast cancer
[4, 5]. However, these conventional techniques are imperfect
modality and have been faulted for its false-positive rate,
limited specificity, sensitivity, and unnecessary surgical

biopsies, especially in women [6]. A strategy for reducing

Breast cancer is one of the leading causes of cancer death
among women worldwide in the last century [1, 2]. Nonin-
vasive imaging techniques such as ultrasound [3] and MRI
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breast cancer mortality is early detection for successful
treatment. Positron emission tomography (PET) [7, 8] has
proven to have better specificity and sensitivity in detecting
tumor lesions than ultrasound and X-ray mammography [9].
PET is a useful technique to visualize biologic processes
and molecular features within the body. It has the potential
for improvement in the detection and diagnosis of cancers,
problem-solving, treatment monitoring, and the identifica-
tion and quantification of the specific biologic targets used
to tailor therapy. PET with 18F-FDG has shown the potential
to detect the disease early due to predicting poor outcome.
The main advantage of metabolic imaging over conventional
imaging is its ability to assess response earlier because the
tumor metabolic changes occur before the morphologic
changes [10].

Whole-body PET scanners do not appear to have ade-
quate resolution for the detection of small lesions in the
breast. Whole-body PET is not effective for local staging
of the breast because their efficiency declines in detecting
small lesions [11]. Except for the staging of metastatic dis-
ease beyond the breast, PET imaging is not routinely utilized
in the evaluation of primary breast cancer. PET has proven
to have better sensitivity and specificity in detecting tumor
lesions than X-ray mammography. Dedicated PETs are based
on high-resolution detectors placed close to the breast. This
was the motivation for the development of them.

The dedicated PET systems are intended to have higher
photon sensitivity and improved spatial resolution using
smaller detector elements and bringing the detectors close to
the breast. Dedicated breast PET scanners have been devel-
oped for the detection of subcentimeter-sized breast tumors.
They are mainly classified into two groups. The first one can
provide high spatial resolution by mildly compressing the
breast with two parallel detectors [12] and the second scan-
ner group acquires fully tomographic images of the breast
[13]. Full-ring PET permits to circumvent such a limitation
and can be used in assessing therapy response, staging and
restaging of breast cancer. This was the motivation for the
development of dedicated breast PETs.

The PEM/PET system developed at West Virginia Uni-
versity is a dual-head dedicated breast PET system [16].
Two sets of rotating planar detector (LYSO) heads acquire
3D imaging data and allow the composition of fully tomo-
graphic images. The biopsy capability is included in the
system [14]. A dedicated breast PET/CT developed in Uni-
versity California Davis is a fully tomographic PET system
with two PET detectors (LSO), a CT detector, and an X-ray
tube that rotate in the coronal plane around a hanging breast
of a patient lying in prone position [15]. Then, they used a
new detector that holds DOI measurement capability and
has a high intrinsic spatial resolution, which is expected
to improve the spatial resolution of this system [16]. The
MAMMLI is a fully tomographic dedicated PET system with
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a complete ring shape detector, consisting of 12 identical
detector modules that have a transaxial FOV of 170 mm in
diameter, and a 40-mm-long axial FOV. MAMMI first got
certification in Europe and recently gained the approval of
the FDA in the United States in 2014 [17]. Elmammo (Shi-
madzu Co., Kyoto, Japan) is another type of a fully tomo-
graphic dedicated PET system with a complete ring-shaped
detector (LGSO). The system consists of 36 detector blocks
arranged in 3 contiguous rings with 12 detector modules,
with a transaxial diameter of 185 mm and an axial FOV of
155.5 mm [18]. Conventional PET systems have detectors
arranged in a ring to surround the object. Various meth-
ods can improve image resolution of scanners with a small
diameter. For example, wobbling the PET system or the bed
can also increase the spatial sampling in PET systems [19,
20]. The principle of the wobbling is to form a randomly
overlapped datum that can be interpolated for fine high-res-
olution data to fulfill the Nyquist. By increasing wobbling
number or wobbling stop points, in principle, infinitely high
sampling is possible [21]. In this study, we have designed a
dedicated high-resolution breast PET scanner based on the
MR compatible detector modules, which we have already
developed using LYSO crystal and SiPM photon sensors
[22]. The main motivation behind this work is geometrical
optimization and estimation of system performance using
Monte Carlo simulation. Also, implementing the wobble
motion mechanism may represent a cost-effective method
to upgrade the contrast and spatial resolution.

Materials and methods

The designed dedicated breast PET (EstatiraPET) has four
detector rings with an axial field of view (FOV) of 50 mm
that translates; however, full imaging of breasts can require
several acquisitions in step and shoot mode. An ideal sys-
tem should have high sensitivity and the low cost. However,
these requirements are often in conflict with each other.

Estatira PET is a dedicated high-resolution breast PET
developed in which the acquisition is performed in the prone
position and does not require compression of the breast
such as conventional mammography and the direction of
the acquisition is from the chest wall to the nipple. It uses
scintillation crystals coupled to Silicon Photomultipliers
(SiPMs). The detector ring consists of 14 detector modules
(LYSO crystal) with a scanner aperture of 230 mm. The
number of detectors depends on breast size. In this work, we
have evaluated the performance of the 14-detector configu-
ration of the EstatiraPET based on the measurements and
procedures described for large breasts.

In this work, we have evaluated the performance of the
14-detector dedicated breast PET based on the measure-
ments and procedures described in NEMA NU 4-2008
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protocols [23]. The performance of the new system has
been compared with that of the MAMMI dedicated breast
PET [17]. Our goal in this work is to optimize the geometry
breast scanner design by performing studies for estimating
image uniformity and lesion activity uptake. This is the
detector design that allows the operation of digital SiPMs
simultaneously inside an MRI system. The operation of the
digital SiPM is expected to be unaffected by strong mag-
netic fields and its intrinsic digitization should make it less
prone to electromagnetic interference. So it optimized to be
the MRI-compatibility and reduces distortions of the static
magnetic field compared to a conventional design. Also, it
has more transaxial FOV with adequate sensitivity and spa-
tial resolution.

Each test requires that the operating parameters of the
scanner be adjusted, as they would be for a typical patient
study, including the energy window, axial acceptance angle,
coincidence time window, and slice thickness. The data
processing and reconstruction algorithms should also be
the same as those used for a typical patient study, with the
exception that some tests require the use of filtered back pro-
jection with a ramp reconstruction filter for standardization
among systems. For all studies, complete angular sampling
is acquired.

Description of the proposed block and the detector
unit

Detector head consists of a scintillator array coupled to
an SiPM device placed in an aluminum housing. We used
SensL. ARRAYC-30035-144P which is a 12X 12 array of
C-series SiPM technology pixels (SensL DS 2014). The
active area of each SiPM is 3 x 3 mm? with 4.2 mm pixel
pitch. In the current version of our generic detector block,
we coupled the SiPM array to a 24 X 24 array of cerium-
doped lutetium—yttrium oxyorthosilicate (LYSO:Ce) crystal
with 2 x 2 x 10 mm? pixels and 0.1-mm-thick barium sulfate
(BaSO,) inter-pixel reflector [22].

After detector designing, the proposed dedicated breast
PET (EstatiraPET) is configured. The system has an axial
field of view (FOV) of 50 mm that translates; however, full
imaging of breasts can require several acquisitions in step
and shoot mode.

Simulated breast PET description

The system consists of 14 detector blocks arranged in 24
contiguous rings, with a ring diameter of 230 mm and an
axial FOV is 50 mm. Each detector block is composed of
a 24 x 24 array of LYSO crystals coupled to SiPMs. Each
crystal is 10 mm long and has a cross-sectional area of
2 X2 mm. Barium sulfate (or sulphate) with the chemical
formula BaSO, with 0.1 mm length which is used as the

insertion of the inner crystal reflector between crystal ele-
ments to control the behavior of scintillation photons. The
detector can record incidence within an energy window of
350-650 keV and the coincidence window of 5 ns is applied
to the acquired data. The transaxial FOV has a diameter of
about 190 mm and the axial FOV is 50 mm. The system
could acquire data in 3D mode.

The Monte Carlo simulation model of dedicated breast PET

GATE version 7.2 which is open-source code is used to
model the Monte Carlo simulation of the breast PET system.
GATE incorporates the GEANT4 libraries and combines
the GEANT4’s strength of precise geometry modeling tools,
well-validated physic process model and efficient visuali-
zation [24]. The cylindrical EstatiraPET GATE model has
been developed by the description below. In this work, the
main photon physics processes were simulated, including
photoelectric effect, Compton and Rayleigh scattering.
All simulated experiments had a coincidence timing win-
dow of 5 ns and a 511 keV; photopeak energy resolution
of 20%. The application of GATE allows modeling various
components of the PET system, including system geometry
configuration, physic process, source selection, and signal-
processing chain. The performance of the EstatiraPET was
evaluated at energy windows: 350-650 keV. A modeled view
of the breast PET scanner is shown in Fig. 1. The simula-
tion measurements were done and compared the results with
MAMMI breast PETs with a different design. The phantoms,
sources, and measurements proposed in NEMA standards
[23] were conveniently adapted to evaluate the performance
of the scanner since the characteristics of dedicated breast
PETs do not exactly suit none of them. In our simulation,
photoelectric effect, Compton, Rayleigh, and multiple scat-
tering, pair production, ionization, non-collinearity, positron
range, and radioactive decay are considered.

We applied 5 ns FWHM time resolution, which is simi-
lar to reported values when using similar detector configu-
rations. We used ROOT and ASCII output to analyze the
results.

Geometry optimization

The design of instrumentation for PET scanners has vastly
progressed over the past 10 years. A primary challenge of a
dedicated breast scanner is having high sensitivity and spa-
tial resolution, and also the low cost of the scanner. In three
systems, rings consist of 10, 12 and 14 LYSO modules, with
scanner aperture of 162 mm, 196 mm and 230 mm. The new
designs combine high spatial resolution and high sensitivity
to detect small and low-contrast masses.

@ Springer
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Fig. 1 Geometry architecture of the EstatiraPET system modeled in GATE. Besides, an expanded view of the detector module, block, and crys-

tal arrangement is shown

Validation study

Model verification: We verified the correctness of the Estat-
iraPET model by plotting the coordinates of the detected
photons in both the axial and the transaxial directions as
a response to a point source at the FOV center similar to
[25]. We performed several simulations to validate the
EstatiraPET scanner model: MAMMI scanner simulation,
point-source sensitivity, noise equivalent count rate (NECR),
and scatter fraction (SF). The results were evaluated and
compared with the experimental MAMMTIs data, as well as
those reported in the literature [26].

Sensitivity Aiming to ensure the accuracy of the simulation
model, this efficiency factor was determined until a reason-
able agreement with NEMA experimental measurement. An
energy threshold of 350 keV and a 5-ns coincidence window
were selected for this simulation. A 10 puCi (0.37 MBq) 18F
spherical point source of diameter 2 mm was placed inside
a plastic sphere, 1 mm in diameter at the center of the FOV
that was moved along the axis of the scanner in step sizes
of 1.07 mm (slice thickness) and data were acquired for 1 s.

Noise equivalent counts (NECR) and scatter fraction
(SF) NECR and SF of this design were evaluated with a
cylindrical phantom containing a line source insert. A phan-
tom composed of breast tissue was simulated and placed at
the center of the scanner. It had a diameter of 80 mm and a
length of 50 mm. A 1 mm diameter line source was 50 mm
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long and NECR was calculated for different activity val-
ues. NECR and SF were defined in the following equations,
where T, S, and R are true, scatter and random coincidence
rate, respectively. K=1 was used to denote a noiseless ran-
dom correction.

T2
NECR = (T +S+KR) M
_ S
= Trs+m @

Spatial resolution A point source consisting of a sphere of
Na-22, radius 0.25 mm, and surrounded by a 10-mm-thick
plastic wall. The source activity and acquisition time were
10 pCi (0.37 MBq) and 1 s, respectively. Point source sen-
sitivity is defined as the fraction of 511 keV true coinci-
dence photon events detected for a point source with a given
activity placed in the center of FOV that was positioned at
radial distances 5 to 80 mm away from the center of the sys-
tem. Images were reconstructed using the 3D filtered back
projection using STIR (Software for Tomographic Image
Reconstruction) package.

Image analysis After performing a sensitivity analysis, we
evaluated the reconstructed spatial resolution of the Estatira-
PET. The point source was placed with a radial step of 1 mm
in X and Y directions. The reconstructions were performed
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with a three-dimensional filtered back projection (FBP) and
iterative ordered subset expectation maximization (OSEM)
method (15 iterations). To perform a detailed qualitative
evaluation, a point source in the center of the scanner was
simulated and then reconstructed using the OSEM algo-
rithm. Aimed at spatial resolution calculation, the recon-
structed images of point source arrays were measured by
fitting a Gaussian function to the plotted profiles, thus calcu-
lating their FWHM. For spatial resolution calculations, the
reconstructed images of point source arrays were measured
by fitting a Gaussian function to the plotted profiles and thus
calculating their FWHM. To assess the reconstructed image
quality of full ring EstatiraPET, the Derenzo phantom was
simulated. The Derenzo phantom was modeled with spheres
of different diameters (1, 1.25, 1.5, 2, and 2.5 mm) with the
activity of 5, 6, 7.5, 10, and 12.5 MBq comprising back-to-
back gamma sources, arranged into five segments. All data
were reconstructed using 3D-FBP and 3D-OSEM (10 itera-
tions) using the STIR reconstruction framework [17] and
then the images were obtained. To illustrate the resolution
resolving as contrast criteria, the intensity of line profiles
crossing the spheres in the Derenzo phantom was plotted.

Proof of the new geometry design concerning the real PET
scanner To validate the application of GATE (Geant4
Application for Tomographic Emission) Monte Carlo simu-
lation toolkit and a simulated new scanner, we modeled a
realistic PET (MAMMI PET) system that is designed with
cylindrical geometry and block detectors. The scanner is
made by 10 LYSO modules in a ring with a 162 mm diam-
eter. SiPM is used for optical detection. We compared our
simulation with the measurement made on the scanner that
was evaluated. For validation of our simulation, we com-
pared the simulated spatial resolution of the point source.
This parameter was measured by the full-width half-maxi-
mum (FWHM) which is the width of the point spread profile
at half of its maximum. This validation process allowed us
to validate the accuracy of our simulation code and also the
algorithm developed to reconstruct the image. The specifi-

Fig.2 Wobbling radius is about half a block detector size to cover the
gaps

cations of the simulated PET (EstatiraPET) and MAMMI
scanners are presented in Table 1.

To perform spatial resolution and sensitivity compari-
sons, a 1 MB(q back-to-back gamma point source was placed
in the center of transaxial FOV in ideal conditions.

Wobble radius for EstatiraPET To reconstruct image reso-
lution and artifact reduction from increased sampling, but
without improving LOR resolution, the wobbling technique
was assessed. The principle of the wobbling technique is to
form a randomly overlapped linear datum each of which are
sparsely sampled, that wobbled sampling is related to half
of the crystal pitch. To determine the optimal wobble radius
for the EstatiraPET scanner, the overall shape and FWHM
of profiles in the sinograms from a simulation of scanning
of a 2>Na point source with activity 1 uCi were compared. In
this work, the highlighted improvement in spatial resolution
for the EstatiraPET was obtained in different wobble radius
(Fig. 2).

Table 1 Specifications of the

: . Specification EstatiraPET (14 module) MAMMI
simulated PET (EstatiraPET) PET (12
and MAMMI scanners module)

Ring diameter (mm) 230 186
Crystal size (mm) 2x2x10 mm? -

Number of crystals per block (module) 24 x24 (576) Monolithic
Number of the transaxial blocks (module) 14 12
Material LYSO LYSO
Number of rings 24 x4 4

Axial FOV (mm) 50 mm 40 mm
Transaxial FOV (mm) ~ 190 170

@ Springer
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Results
Geometry design

The detector ring consists of 14 detector modules (LYSO
crystal) with a scanner aperture of 230 mm, 12 detector
modules (LYSO) with a scanner aperture of 196 mm and
the crystal thickness is of 10 mm. The number of detec-
tors depends on breast size. In patients with large breasts
14 detectors, whereas in patients with smaller breasts only
12 rings, are acquired. In this work, we have evaluated the
performance of the 14-detector configuration of the Estat-
iraPET based on the suitable FOV for large breasts. The
results obtained indicate that the FOV in three different ring
sizes, for 10, 12, and 14 detectors for cylindrical new PET
geometry, is 120 mm, 149 mm, and 180 mm in sequence
(Fig. 3). As shown in Fig. 3b, the primary impact of increas-
ing ring diameter is to decrease the sensitivity of the scanner.
Therefore, we use 14 detectors for dedicated breast PET.
The direction of the acquisition is from the chest wall to
the nipple. The number of ring positions depends on breast
size. In patients with large breasts, 3 or 4 ring positions are
used. In this work, we have evaluated the performance of the

14-detector and four-ring configuration of the EstatiraPET
based on the measurements and procedures described for
more than 70% of breast size in transaxial diameter.

Sensitivity

The sensitivities of the cylindrical LYSO system with a
different number and detector modules and ring diameters
(transaxial FOV) are summarized in Table 2. It should be
noted that we can improve the geometrical sensitivity by
increasing parameter axial FOV or decreasing the ring
diameter of the scanner. The sensitivity will be decreased
to 230 mm FOV but we used this configuration to be able to
cover all breast sizes during the imaging. Our results indi-
cate that a scanner based on any of the 14-detector design

Table 2 Sensitivity results based on #modules and ring diameter

Ring diameter (mm) Number of modules Sensitivity
(cps/kBq)

230 14 13.8

196 12 15

162 10 15.25
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Fig.4 Axial absolute sensitivity profile along the z-axis of Estatira-
PET (14 detector modules) camera

Table 3 Comparison of scatter fraction (%) NECR peak (KCPS @
MBq) measured in two energy windows

Energy (keV) 350-650 250-750
SF (%) 20.6 20.8
NECR 21.8 25

would offer adequate sensitivity and uniform spatial resolu-
tion needs to scan.

The system peak absolute sensitivity was 1.42% at the
center of the axial and transaxial FOVs. The axial sensitivity
profile obtained by plotting the absolute sensitivity for each
slice number is shown in Fig. 4.

NECR and SF

The SF and NECR for the line source in breast tissue were
simulated at two energy windows around 511 keV as shown
in Table 3. The scatter fraction for an energy window of
250-750 keV is 20.8 and for a narrower energy window
of 350-750 keV, this value is reduced to 20.6. The highest
NECR was achieved in the energy window of 250-750 keV.
The two energy windows had comparable NECR.

Spatial resolution

The customary procedure for obtaining the spatial resolution
is to measure the width of the point spread function (PSF)
of the reconstructed point source on the image. The spatial
resolution for the point source was simulated at the energy
window of 350-650 keV. The spatial resolution degrades as
the point source is moved away from the axis of the scan-
ner. The spatial resolutions of FWHM at different positions
are reported in Figs. 5, 6, and 7. The radial component was
especially affected by the transaxial displacement.

The measurement of the spatial resolution of a point-
like source is compared with experimental data in three

Radial FWHM
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19 [ [ ]
T e ¢
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s (]
T
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=
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0 5 10 15 20 25

Position (mm)

Fig.5 The spatial resolution values for point source array in the
radial direction in center of FOV
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Fig.6 The spatial resolution values for a point source in the tangen-
tial direction in center of FOV
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Fig.7 The spatial resolution values for point source array in the axial
direction in center of FOV
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directions. The FWHM for all positions can reach between
1.7 and 2 mm.

Image analysis

Figure 8 shows the sinograms and reconstructed images of
the phantom with point source arrays, providing the basis
for a spatial resolution analysis of the full-ring scanner using
FBP and OSEM algorithms. In Fig. 8c, we show the central
slice of the reconstructed image using OSEM. We observe
that the blurring is reduced when we use the iterative recon-
struction algorithm, although the images of the spherical
sources are relatively stretched in the EstatiraPET scanner
with the FBP method (Fig. 8b).

Optimum wobble radius

The average of the FWHMs is calculated from the FWHMs
from ten different positions on sinograms for each wobble
radius. When the wobbling motion is set to be 12.75°, the
source profiles do not have the minimum FWHMs. This
value is slightly smaller than half of the crystal pitch used in
the EstatiraPET scanner. The improvement from only more
sampling from angular wobbling is outstandingly good com-
pared to the stationary mode in image quality in the Derenzo
phantom (Fig. 9). It shows a slice of the transverse image
of the phantom and its profile with and without the wobble
effect. The upper profile (a) and image (b) are shown for the
stationary mode and the bottom profile (c) and image (d) are
for the wobbled scan. Without wobble motion, rod diameters
of 2.5 and 3 mm in the phantom are hardly distinguishable in
the image (b). In comparison, most rods of diameter 2.5 mm
can be recognized in the wobbled image (d) of Fig. 9. The
profiles (a) and (c) were generated from the selected area on
the images (b) and (d), respectively.

The comparison of the performance of an EstatiraPET
and MAMMI scanners with GATE simulation is shown in
Table 4.

Discussion

In this study, we investigated the performance of a cylindri-
cal dedicated breast PET with GATE simulation. To this
aim, the GATE platform was used to model the scanner con-
figuration and relevant physical process. Functional imag-
ing with PET using FDG has an advantage over anatomi-
cal imaging in that it relies on the differences in metabolic
activity between normal and abnormal tissues. We modeled
the performance characteristics according to NEMA NU-2
2008 standards and the results were validated focusing on
system resolution, sensitivity, counting rates and NECR.
The developed model is accurate enough to be applied in
a wide range of applications and it is beneficial for system
development. It enables us to evaluate the system perfor-
mance under various acquisition conditions and can be used
to obtain information that is difficult to be measured in the
practical experiment, such as scatter, system point spread
function in PET imaging.

In this study, we investigated the performance of an
EstatiraPET scanner with GATE simulation. The Estatira-
PET has an axial FOV of 48.3 mm with high sensitivity and
allows making possible with a lower dose scanning. The
improvement in sensitivity in EstatiraPET leads to a substan-
tial increase in the number of counts registered at a given
activity, sensitivity is 1.42% which is comparable to other
commercial PET systems such as 1.8% of the MAMMI PET
[17]. Spatial resolution values below 2 mm were measured in
most of the FOV (in axial, tangential, and radial). The spatial
resolution measured at the center of the axial FOV of Estati-
raPET is better than that measured in the MAMMI scanner.
The effective field of view has a diameter of 180 mm in our

Fig.8 The sinogram of point source array EstatiraPET scanner (a). The reconstructed image of a point source array by FBP (b). The recon-

structed image of a point source array by OSEM (c)
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Fig.9 The upper profile (a)
and image (b) correspond to
data acquired without wobble
motion. The bottom profile
(c) and the image (d) are from
the data acquired with wobble
motion

Table 4 Comparison of performance of an EstatiraPET and MAMMI
scanners with GATE simulation

Parameter EstatiraPET MAMMI PET
AFOV 50 mm 40 mm
Transaxial FOV ~ 190 mm 170 mm
Crystal LYSO LYSO

Spatial resolution 1.7-2 mm 1.6-2 mm
Absolute sensitivity 1.42% 1.8%

# Detector module (per ring) 14 12

scanner; however, it is 170 mm in MAMMI. The developed
detector ring is compatible with the MRI system because
Si-PM is insensitive to the static magnetic field.

In this work, the highlighted improvement in spatial
resolution for the EstatiraPET was obtained when a wob-
ble radius slightly smaller than half of the crystal pitch was
used. If the wobble radius is larger than crystal pitch, a larger
overlapping area between two adjacent detectors may make
the relative concentration of data in adjacent bins unaccept-
ably large. Visual inspection of the micro-Derenzo phantom
images showed that the wobbling mechanism improved the
spatial resolution of EstatiraPET scanner. The image from
the wobbled scan shows improved contrast when compared
to the stationary mode. Also, the improvement of the spatial
resolution of images is cleared. Although the computational

simulation makes limitations but it enables us to evaluate
the system performance under various acquisition conditions
and can be used to obtain information that is difficult to be
measured in the practical experiment. The initial simulation
results demonstrate the capability of this PET system for
breast cancer detection. In the future study, we will use the
partial geometry model (some detector blocks turned off) for
including some advantages such as reducing the cost of the
scanner to make it more accessible to users, scan time and
MRI compatible. We will use new compressive sensing (CS)
techniques in breast PET imaging to investigate the feasibil-
ity of decreasing the number of detectors while maintaining
image quality.

Conclusion

We have presented a simple yet realistic Monte Carlo code
for PET imaging simulation based on GATE. This model
had been validated against the experimental results obtained
from the real measurement. The comparison shows that the
spatial resolutions and sensitivity of the simulated and meas-
ured images are in a good agreement. Thus, this study proves
that our GATE code of PET scanner and also all the post-
simulated programs can reproduce the condition of the real
PET scanner imaging. We have designed a dedicated breast
PET based on pixelated LYSO crystals. Its performance has
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been fully assessed using NEMA NU 4-2008 adapted proto-
cols. When compared with other dedicated breast PET scan-
ners, MAMMI exhibits similar performance characteristics,
and in many cases, it is better than that is more complex and
expensive. A low-cost technique can be added to the PET
scanner to improve its spatial-resolution with wobbling. Our
detector ring is compact and the outer diameter of the ring
is small; developed detector ring can easily be set in narrow
space of the MRI gantry.

Further improvements are foreseen shortly for the PET
scanner that we have presented in this work. These improve-
ments consist of a PET equipped with the partial ring which
is currently being developed. With these modifications,
MAMMI sensitivity and counting rate capabilities will
increase significantly. However, the values remain compa-
rable to other dedicated breast PETs, and to sum up, Estati-
raPET is suitable to be used in breast scanning and cancer
detection.
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