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ABSTRACT

In Brazil, there are few microPET in use and a quality control protocols standardization are needed to harmo-
nize their use in the research field. Thus, the purpose of this study is to characterize the image quality perfor-
mance of the microPET scanner (LabPET 4, GE healthcare Technologies, Waukesha, W1) using the NEMA NU
4/ 2008 standards and specific phantom. The NEMA image-quality (IQ) phantom consists of 3 different regions
to analyze distinct characteristics: image noise (%SD), expressed as percentage SD in a uniform region (%SD),
recovery coefficient (RC) and Spill-over (SOR) in air and water. The 1Q phantom was filled with 18F-FDG cali-
brated at the beginning of acquisition, placed in the center of the field-of-view (FOV) and measured with the
typical whole body imaging protocol. The images were reconstructed with different reconstruction methods
(FBP-2D; MLEM-3D and OSEM-3D); with and without high resolution (HR) when possible. The results were
compared. The LabPET 4 system produces appropriate image and with performance according to the literature.
The present study is an initial step to verify the NEMA NU 4/2008 use in the Brazilian scenario for further
standardization.
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1. INTRODUCTION

The importance of small-animal positron emission tomography (microPET) has increased during
the last decades as a valuable tool for studying animal models of human disease and to contribute in
the development of new radiopharmaceuticals or in studies of new applications of traditional radio-
pharmaceuticals [1]. Because of widespread use and commercial availability of microPET scanners,
the National Electrical Manufactures Association (NEMA) published its NU 4/2008 standards [2], a
consistent and standardized methodology for measuring scanner performance parameters for small-

animal PET imaging.

In Brazil, there are few microPET in use and a standardization of quality control protocols is needed
to harmonize their use in the research field. Thereby, the purpose of this study is to characterize the
image quality performance of the microPET scanner (LabPET 4, GE Healthcare Technologies,
Waukesha, WI1) using the NEMA NU 4/ 2008 standards and specific phantom.

2. MATERIALS AND METHODS

All experiments were carried out at CDTN/CNEN in the Molecular Imaging Laboratory (LIM) and
with collaboration of the Radiopharmaceutical Research and Production Unit (UPPR), which made
the 18F-FDG sources available.

2.1. System description

The Triumph™

platform is a preclinical system dedicated for rodents imaging. The subsystem
LabPET 4 consists of a stationary gantry with 1536 detectors. It employs an Avalanche Photo Diode
(APD) detector ring incorporating an assembly of LYSO (Lutetium yttrium oxyorthosilicate —
Lul.9Y0.1Si0O5) and LGSO (Lutetium gadolinium oxyorthosilicate — Lu0.4Gd1.6SiO5)

scintillators optically coupled one after the other [3].
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LabPET 4 images are acquired using a 250-650 keV energy window and 22 ns coincidence timing
window. It provides axial field of view (FOV) of 3.7 cm and can operate in a dynamic or static
mode. Coincident data are saved in list mode and can be sorted out as sinograms. Some important
features are compiled in Table 1. More details about the LabPET 4 design and architecture are pre-

sented elsewhere [4, 5].

Table 1: Summary of the LabPET 4™ technical specifications.

Parameter Specification

Detector Crystal Material Phoswich pair of LYSO and LGSO

Crystal Dimension 2.0 x 2.0x 14 mm3
N° of detector rings 24

Crystals per ring 64

N° Total of Crystals 1536

Axial field-of-view 37 mm

The reconstruction algorithms available in LabPET 4 (CDTN/CNEN) are filtered backprojection
(FBP), maximum likelihood expectation maximization (MLEM) and ordered subset expectation
maximization (OSEM). The system has also the option of image reconstruction in high resolution

mode using 0.25 mm pixel size instead of 0.5 mm used in ordinary mode.

2.2. Image Quality Phantom

Section 6 of the NEMA 4 purposes to produce images that simulate those acquired in the whole
body study of a small animal. For this purpose, a specially designed NEMA NU 4 — 2008 image
quality (1Q) phantom made up of polymethylmethacrylate (PMMA) was used. Figure 1 presents a
schematic view of the IQ phantom and Figure 2 illustrates the schematic coronal and axial section

views of phantom.
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Figure 1: Micro-PET 1Q phantom representation.
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Figure 2: Schematic views of NEMA NU 4-2008 1Q phantom.

(A) Coronal-Section view and (B) Axial-Section view through rods region.
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The 1Q phantom consists of 3 distinct segments to analyze different aspects of image quality, dis-

criminated in Table 2:
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Table 2: Image Quality Phantom Regions.

Regions Representation
1 5 Rods of different diameters b - in the Figure 1
2 Uniform Region a—inthe Figure 1
3 2 non-radioactive chambers ¢ —in the Figure 1

The first region (a) of the phantom body is solid, with 5 fillable rods with diameters of 1, 2, 3, 4 and
5 mm. These are important to determine the recovery coefficient (RC), defined as the ratio between
the measured activity concentration in the rods and the activity concentration measured in the uni-
form area [2].

The intermediate, uniform region (b) is used to determine the mean, maximum and minimum activi-
ty concentration and respective percentage standard deviation (%SD) as a measure of noise [2].

The third region (c) of the phantom body is a fillable cylindric chamber with 2 cylindrical com-
partments (14mm internal length; 8mm inner diameter), one is filled with air and the other with
nonradioactive water. These 2 cold compartments are used to determine the spillover ratio (SOR) in
air and water, defined as the activity concentration in each cold compartment relative to the mean
activity concentration in the hot background [2].

Both RC and SOR parameters are theorically limited between 1 and 0, being that 0 < RC < 1 and 0
<SOR <1 [6].

2.3. Acquisition Procedures

The whole 1Q phantom, except cold chambers, was filled with 3.7 MBq (100uCi) of 18F-FDG (at
the start of the scan), for a 20 minutes acquisition. It was placed in the center of the FOV and meas-
ured with the typical whole body imaging protocol used in LIM/CDTN.

Before measurement, the phantom was cleaned and checked for any activity remaining from previ-
ous experiment. Normalization and random corrections were applied to the acquired data before

image reconstruction.
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Images were reconstructed with three different reconstruction methods (FBP-2D; MLEM-3D and
OSEM-3D); with and without high resolution (HR) when it is possible. The iterative method
MLEM was applied using 20 iterations, while OSEM used 20 iterations and 4 subsets.

The treatment and analysis of the images were performed, as recommended in the NEMA NU 4-

2008, using molecular imaging softwares AMIDE and PMOD.

3. RESULTS AND DISCUSSION

Results for uniformity, values of recovery coefficients and spillover ratio are presented in the se-

quence.

3.1. Uniformity

Figure 3 presents typical images of uniformity region and respective line profiles.

Figure 3: Transverse plane image of the uniform region (upper) and line profile across the uniform
region of the 1Q phantom (bottom). (A) AMIDE software; (B) PMOD software with a 3D graph.
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The mean, maximum and minimum activity concentration (kBg/mL) result and (%SD) obtained are
presented in Table 3 for all evaluated reconstruction methods. Percentage standard deviation for all

cases are also presented in Figure 4.

Table 3: % SD in uniform 1Q Phantom Region using AMIDE and PMOD software.

Uniformity
Reconstruction * Mean Maximum  Minimum
Software Method HR™  Bg/mL) (kBg/mL) (kBgimL) °0SP

FBP -2D 215,0 364,9 35,8 17,5
No 187,2 238,5 142,2 6,7

MLEM-3D
AMIDE Yes 200,3 262,3 146,8 7,1
No 195,8 249,4 146,7 6,7

OSEM-3D
Yes 200,5 261,6 146,8 7,1
FBP -2D 194,9 350,9 34,4 17,6
No 190,1 243,9 145,4 6,7

MLEM-3D
PMOD Yes 197,8 262,8 147,0 71
No 196,4 253,7 149,2 6,7

OSEM-3D
Yes 197,1 262,5 146,9 7,1

* High Resolution

Figure 4: % SD in uniform 1Q phantom region
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The analytic method presented highest standard deviation (FBP: 17,6%SD) than iterative methods
(MLEM without HR: 6,7%STD; with HR: 7,1%STD and OSEM without HR: 6,7%STD; with HR:
7,1%STD). These values obtained for iterative methods are in accordance with results by Zaidi and
Ratib [7] for LabPET 8TM.

3.2. Recovery Coefficient

Figure 5 presents a typical image of the 5 rods region.

Figure 5: Image of the 1Q phantom showing a transverse plane of the 5 rods region.

A) AMIDE software. B) PMOD software

A B

The RC’s from the 5 rods (1 to 5 mm) and respective standard deviations for different algorithms

are given in Table 4.
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Table 4: RC’s of different rods (1 to 5 mm), reconstructed with distinct reconstruction algorithms.

Recovery Coefficient (RC)

Reconstruction

Software Method HR 1mm %STD 2mm %STD 3mm %STD 4mm %STD 5mm %STD
FBP-2D -~ 017 660 038 609 038 592 078 591 086 586
No 012 284 043 272 077 265 082 255 087 263
MLEM-3D
AMIDE Yes 013 271 047 220 080 226 088 215 085 230
No 012 287 043 225 079 224 087 224 085 222
OSEM-3D
Yes 013 275 046 203 080 21,0 089 204 087 214
FBP-2D -~ 017 602 038 540 062 523 079 520 087 517
No 012 310 048 277 079 280 08 279 087 279
MLEM-3D
PMOD Yes 013 335 047 285 080 296 087 284 087 293
No 012 312 044 275 078 280 08 282 086 27,2
OSEM-3D
Yes 013 341 046 303 079 31,3 087 305 087 310

The RCs of the rods for all reconstruction methods in both softwares are shown in Figure 6.

Figure 6: RCs of different rods (1 to 5 mm), reconstructed with distinct reconstruction methods.
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In the above results, it can be noticed that the RC values for the 5 different diameters ranged from
0.12 to 0.87 and are close to each other in both iterative reconstruction methods (MLEM and
OSEM) adopted and software used. The RCs using FBP method ranged from 0.17 to 0.87 in both
software used.

The standard deviation increases as the rod diameter decreases in all cases studied. These values are

™

similar to those reported earlier for the LabPE scanner [7].

3.3. Spillover Ratio

Figure 7 presents a typical image of the 2 non-radioactive compartments region.

Figure 7: Image of the 1Q phantom showing a transverse plane of the 2 non-radioactive
compartments region. A) AMIDE software. B) PMOD software.

A B

The SOR’s and respective % SD in the water and air compartments are reported in Table 5.
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Table 5: SORs and %STD in water and air, reconstructed with distinct reconstruction algorithms.

Spillover Ratio (SOR)

Water Air

Software  Reconstruction Method HR
SOR %STD SOR %STD

FBP -2D - 007 2431 026 72,3
No 018 141 029 12,4

MLEM-3D
AMIDE Yes 019 131 029 131
No 018 145 029 126

OSEM-3D
Yes 018 149 029 134
FBP -2D - 008 1897 027 61,3
No 018 132 029 1272

MLEM-3D
PMOD Yes 018 135 029 128
No 018 138 029 120

OSEM-3D

Yes 0,18 13,8 0,30 12,7

The SOR’s of the water and air compartments are shown in Figure 8.
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Figure 8: SORs of different compartments (water and air), reconstructed with distinct
reconstruction methods. UPPER: AMIDE software. BOTTOM: PMOD software.
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The accuracy of scatter corrections is given as the spillover ratio in cold areas. Values of this work
are comparable those from Zaidi and Ratib work [7].

4. CONCLUSION

The results obtained in this work using 1Q phantom defined by NEMA NU 4/2008 reveals that the
system LabPET 4 of LIM/CDTN/CNEN produces images with performance according to the litera-
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ture. The present study is an initial step to verify the NEMA NU 4/2008 for further standardization.
Next steps will be to implement the others sections of the NEMA NU 4/2008 Standard in the
LIM/CDTN.
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