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Abstract

Purpose: To test and evaluate an efficient iterative image
processing strategy to improve the quality of sub-optimal pre-
clinical PET images. A novel iterative resolution subsets-based
method to reduce noise and enhance resolution (RSEMD) has been
demonstrated on examples of PET imaging studies of Alzheimer’s
disease (AD) plagues deposition in mice brains.

Materials and Methods: The RSEMD method was applied to
imaging studies of non-invasive detection of beta-amyloid plaque
in transgenic mouse models of AD. Data acquisition utilized a
Siemens Inveon® micro PET/CT device. Quantitative uptake of the
tracer in control and AD mice brains was determined by counting
the extent of plaque deposition by histological staining. The pre-
clinical imaging software inviCRO® was used for fitting the recovery
PET images to the mouse brain atlas and obtaining the time activity
curves (TAC) from different brain areas.

Results: In all of the AD studies the post-processed images proved
to have higher resolution and lower noise as compared with images
reconstructed by conventional OSEM method. In general, the
values of SNR reached a plateau at around 10 iterations with an
improvement factor of about 2 over sub-optimal PET brain images.

Conclusions: A rapidly converging, iterative deconvolution image
processing algorithm with a resolution subsets-based approach
RSEMD has been used for quantitative studies of changes in
Alzheimer’s pathology over time. The RSEMD method can be
applied to sub-optimal clinical PET brain images to improve image
quality to diagnostically acceptable levels and will be crucial in order
to facilitate diagnosis of AD progression at the earliest stages.
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Introduction

Alzheimer’sdisease (AD)isaprogressivebraindisorderand remains
with no known cause or cure [1,2]. The principal neuropathological
features of AD are amyloid plaques and neurofibrillary tangles which
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are associated with brain dysfunction and contain beta-amyloid
peptides (AP) [3]. Genetic studies show that all mutations that cause
AD are closely related to amyloid precursor protein metabolism into
AP. This strongly suggests that beta-amyloid deposition is an early and
specific event in the pathogenesis of AD [4,5].

The development of radio-pharmaceuticals for AD medical
imaging with PET/CT is a promising non-invasive methodology to
enable early diagnosis, monitor AD progression and evaluate drug
therapies in symptomatic patients. Clinical trials in AD patients have
been reported [6-10] with several PET radiotracers indicating that
detecting amyloid plaques in living brain with these imaging agents is
very promising to clarify the onset and progression of amyloid plaques
distribution. For example, the highest PIB [7] binding was observed
in the frontal lobes, which was never predicted from postmortem
studies. This is a great illustration how in vivo imaging might expand
our knowledge about plaque deposition. Deposition of amyloid
plaque protein is intimately associated with the presence of transition
metal ions such as Cu?* and Zn?* [11]. Hydroxy Quinoline and its
derivatives are under investigation for therapeutic applications based
on extraction of metal ions and disaggregation of plaque [10,11].
Kinetically slow re-extraction of Zn could be useful potentially in
imaging amyloid plaque using transition metal chelating agents.

The development of novel radiotracers for in vivo imaging beta-
amyloid plaques now is an active area of AD studies [12-14]. A
novel series of benzofuran derivatives as potential PET radiotracers
targeting amyloid plaques in Alzheimer’s disease were synthesized and
evaluated in [5]. Radio-labeled ligands have been developed to enable
amyloid plaques to be visualized by PET, and this has been successfully
accomplished in humans. It is very important to develop and verify
clinical PET imaging methods to follow in time brain changes in AD
in individual subjects.

Anti-amyloid therapies that are currently being investigated
would greatly benefit from development of methods for the in vivo
detection and quantitation of beta-amyloid deposits in the brain.
Towards this goal a number of scientific groups [5-10] have worked
to develop radio-labeled ligands that bind beta-amyloid plaques,
in an effort to visualize those plaques in living patients. The four-
dimensional (space+time) images of Alzheimer’s disease in transgenic
mice made possible by optimal imaging methods will allow us to
better characterize the status of the disease and quantitatively evaluate
its extent, as well as follow its progress or regression during and after
treatment.

The reconstruction algorithm is an important component of any
PET scanner. The most common iterative methods employed for
PET image reconstruction are the Maximum Likelihood-Expectation
Maximization (MLEM) [15], One-Pass List-Mode high resolution
algorithm with System Matrix modeling (OPLEM) [16], Algorithm
with Resolution Deconvolution (EMD) [17] and Ordered-Subsets
EM iterative algorithm (OSEM) [18] and modifications. According to
the existing standard procedures, PET images are reconstructed from
projection data. The commercial Inveon® micro PET/CT device image
reconstruction technique is based on the iterative 3D/2D OSEM
method [19].
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The immediate purpose of this study was to evaluate and test a
novel rapidly converging iterative deconvolution method with the
resolution subsets-based approach (RSEMD) [20] for already binned
data (such as images from Inveon® PET or clinical PET scan). The
RSEMD operates on Digital Imaging and Communications in
Medicine (DICOM) images and can be employed retrospectively
to de-noise and improve the quality of the PET images previously
reconstructed with the OSEM or other conventional EM
method.

Materials and Methods

We have succeeded in developing specific molecular imaging
agents that cross the blood brain barrier rapidly and wash away from
normal mice brains, and have a higher retention in AD mice brains
(Figure 1). A novel radiotracer based on fluorinated 18 F-Hydroxy
Quinolone (18 F-HQ) that specifically [21-23] as a highly sensitive
and specific PET tracer for imaging amyloid plaques expressing
elevated levels of metal ions. Double transgenic mice with double
mutation (APP/PS1) for Alzheimer’s disease were used as the pre-
clinical AD model. This particular model corresponds to a form
of early onset of disease and expresses mutant human presenalin
1 (DeltaE9) and a chimeric mouse/human amyloid precursor
protein ([21,22]).

PET/CT imaging

Imaging studies of plaque deposition were acquired from Siemens
Inveon® micro PET/CT device [19] (Siemens Medical Solutions Inc.,
Knoxville, TN, USA). Total CT scan time was approximately 6 minutes.
The PET imaging was acquired directly following the acquisition of
the CT data. The tissues examined include the brain and muscle. The
resulting quantitative data was expressed in percent Injected Dose per
gram (% ID/g). Radiotracer was injected intravenously (50-90 uCi)
via the tail vein. Immediately following the injection a 20 minute
dynamic scan was performed. PET images with dynamic framing
every 60 seconds were reconstructed using 2D/3D OSEM algorithm
[18,24] and with a Maximum a Posteriori Method (MAP) [25]. For
quantitative results, regions of interest (ROI) were placed in the areas
expressing the highest activity as determined by visual inspection.
After imaging studies, mouse brains were removed, fixed and brain
tissue sections were stained with an antibody specific to beta-amyloid
peptide.

Preliminary experimental results

In the study [21] control and transgenic AD mice ages 6, 12 and
15 months were imaged for 20 min starting immediately after IV
administration of the radiotracer. Time activity curves (TAC) were
generated for cortex and cerebellum. Initial uptake of the compound
in the mouse brain was highly avid (8-10% ID/g) within less than a
minute. Washout from the control mouse brain was very rapid; less
than 20% of the compound was retained in the brain after 5 min. AD
double transgenic mice had initial rapid brain uptake and had slower
washout of the tracer. Activity in the brain as a function of time was
expressed by a double exponential function (Figure 1).

In a next separate study [22], a control and two AD mice were
injected with the *F-HQ radioactive tracer. After 5 min of injection,
PET+CT ex-vivo images of the heads were obtained for 15 min (Figure
2). After imaging studies, animal brains were taken out, fixed and brain
and olfactory tissue sections were stained with an antibody specific
to AP. Localization of the ¥F-HQ tracer in the hippocampus region
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was observed; 3.5 minutes post injection of the tracer in AD mouse
brain whereas the tracer had washed out from the control mouse
brain. AD transgenic mice had initial high brain uptake and had slow
washout of the tracer similar as shown on previous study (Figure 1).
Quantitative uptake of the F-HQ tracer in control (Figure 3A) and
two AD mice brains (Figure 3B, 3C) was measured by counting the
extent of plaque deposition by histological staining. The plaque areas,
intensity and percentages of the total area were quantitatively and
automatically measured by image processing and analysis software.
Immuno-histology confirmed the presence of plaques in cortex and
olfactory bulbs in both AD mice (Figure 3).

EM based iterative reconstruction

PET image reconstruction technique is based on the simple
iterative back projection MLEM method [15]. The list-mode EM
algorithm iterates the unknown activity value /; of voxel j (image
is assumed to be discretized into j voxels) for each iteration step k
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Where [ and f are the voxel values for the new and old
image estimates, q is the expected count in Line of Response (LOR)
i for the intensity estimate f*, I is the number of all possible system
LORs and @, represents the probability that an emission from voxel
J will be detected along LOR i. The measured data consist of a list of
M LOR definitions with implicitly equal to 1 for each acquired LOR.

1
The normalization factor z a, includes all possible measurable LORs.

Without the impleme}lltation of corrections for the resolution
effects, the resulting MLEM image is noisy and has poor resolution.
In order to take into account the most of possible resolution-limiting
effects, the matrix of probabilities 4 =(a;),,, in equation (1) has to be
decomposed into a product of three matrices 4 = WXH [16,17], where
W is the diagonal matrix of weighted factors for geometric sensitivity
correction accounting for detector rotation, X is a matrix whose
elements correspond to the intersection length of LOR i with the
voxel j and H is a square matrix which accounts for resolution effects.
The blurring component H of the system matrix can be represented
as a set of shift-invariant kernels 0 _x. then resolution blurring will be
invariant across the image. The resolution kernel P N be chosen
as a Gaussian function with standard deviation £ as the parameter.
So, the EM algorithm with resolution system modeling in the non-
negative space using the convolution technique can be written in
vector form:

fk+l _ fk ><s><(ck ®pa"'”) @)

Where s is the sensitivity correction factors and c" contains the
multiplicative image correction values (more details in [17]), ®
denotes convolution procedure.

The algorithm described by (2), even using data subsets, and
especially for high amounts of list-mode data, requires many
more iterations than the standard EM method. To increase the
reconstruction time savings, the image iterative deconvolution
procedure with regularization EMD was developed [17] and evaluated
using:
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Figure 1: A plot of the percent radioactivity retained in the brain of mice

ages 6, 12 and 15 months injected with "®F-HQ as function on time. The time (@) (b) ©

activity curves were generated for cortex and cerebellum.

Figure 3: Ex-Vivo PET+CT images (top row) of control WT (a), transgenic
mice AD1 (b), AD2 (c)corresponding immunohistology for beta-amyloid
plaques (bottom row). Animals were sacked 5 min Pl of ®F-HQ radioactive
tracer and imaged for 15 min.
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Figure 2: Ex-Vivo Inveon® PET+CT transversal (left), coronal (center) and
sagittal (right) images of heads for control WT and two AD transgenic mice
injected with "®F-HQ. Mice were sacked 5 min Pl and imaged for 15 min. After
imaging studies, animal brains were taken out, fixed and brain and olfactory
tissue sections were stained with an antibody specific to beta-amyloid
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peptides.
NO
Where cvthe images is obtained after conventional EM
reconstruction A,z is the resolution (the same as in Eq.2) and is the
additional smoothing kernel to reduce the image noise
RSEMD iterative method FINAL IMAGE UPDATE
Instead of performing the iterative procedure with subsequent i ] i

post filtering (3), we model the uncertainty caused in the system
as an iterative deconvolution with resolution subsets to de-noise
and enhance image resolution. This efficient extension of the EMD I
algorithm [17] iterates the blurred image with different resolution
parameters ¢ (to maximize SNR) and a corresponding number
of iterations n_ for each subset are taken in turn (Figure 4). Note
that the original brain PET image is never revisited after the first
iteration.

CONVERT RESULTS TO DICOM ]

AD brain image recovery results

COMPARISON and ANALYZE of J

Figure 4: Flowchart description of post-processing DICOM PET images
with RSEMD iterative recovery method following conventional EM (OSEM)

The proposed RSEMD deconvolution algorithm starts by iterating reconstruction.

the initial PET image &per()with kernel A2, (") (initial subset

N . .
S( P, 1) Yfor each s tep in the iteration, 1 After N, iterations when the SNR reaches a plateau, the algorithm

continues to iterate the resulting image value associated with initial

W) x () @ % subset g% () with next kernel o (r) (current subset S(p, ,n,) for
SO (,Da“(r)@f""(r) where " = 1,2,...N, 4(a) 8 (1) ' (P70
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each step in the iteration, n,
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Finally, to obtain the desired image quality, the algorithm iterates

the image value g;y,fwf (;) with the kernel po-ﬁna](;) (final subset

S(p,,,, > ) for each step in the iterations 72,

L@ =1 0 xdp,, (DO where Mgy = 1,2, N ) (4¢)
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Where g,,ET(;) is the initial PET image after conventional
EM reconstruction (OSEM) with all of resolution corrections
included andgf,\;” (), gg‘ (;) ggl/w’]'() g://l’ (r) are current
image updates after a blurring with different kernel parameters

00507150 finai—150 fing and iteration numbers Ny, Ny,o.N s N

for each subset S(p,.n,) respectively. During the iteration procedure
(4) the SNR is checked in each iterative step and this process can be
repeated until the deblurring restoration reaches the highest SNR with
A(SNR) <&, where parameter & can be set as a small fraction of the
initial SNR,; . The second parameter is an initial deblurring parameter
(width) o,.The RSEMD algorithm converges more rapidly if the
resolution width O is larger than the EM (OSEM) reconstruction
width ¢ (Eq. 2) while the average value of all deconvolution kernels
width {0(,07,...0 4,150 g, } Will approach the &2v value. This
hypothesis works very well. The permissible range of the resolution
parameter O for the RSEMD image enhancement can be estimated
from the previous EM (OSEM) reconstruction step and from data
acquired in PET quality assurance tests. The optimal number of total
iterations depends on image content, the level of noise, pixilation
and can be estimated through digital and experimental phantom
studies. For most PET pre-clinical cases the total number of iterations

(N, =Ny, N,,..N sV ﬁ,m,)for optimal image quality is around 10

with a total number of resolution subsets around 3. The flowchart
description of PET brain image enhancement with RSEMD is shown
in Figure 4. The RSEMD method can be considered as an extended
Richardson-Lucy deblurring algorithm [26,27] with multiple
resolution levels (resolution subsets).

Results

Application of the RSEMD algorithm reduced PET image noise
and preserved important image features: no additional artifacts
are observed. In general, values of SNR reached a plateau after
approximately 10 iterations with an improvement factor of about 2 in
noise reduction for post-processed PET images.

Starting from Inveon® PET DICOM imaging data (Figure 5a) ,
around 10 RSEMD iterations with a total number of resolution subsets
around 3 will be enough to obtain an appropriate quality image with
enhanced image resolution and reduced SNR (Figure 5c¢), enhance
reconstruction time savings and thus reduce otherwise expensive
Inveon® micro PET/CT image processing charges.

Figure 5 shows the improvement in spatial resolution and noise
reduction (about 2 times in average) when the RSEMD image recovery
method is applied after Inveon® PET 3D OSEM reconstruction.
Coronal slices through 3D PET image reconstruction for the mice
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AD1 (top) and AD2 (middle) are presented in Figure 5: reconstruction
with Inveon® Research Workplace (IRW) default setting 4 OSEM +
18 MAP (Figure 5a), coronal slices through 3D image recovery after
additional 5 RSEMD iterations (Figure 5b) and after 10 RSEMD
iterations (Figure 5c). Visual inspection confirms (bottom row)
the spatial resolution and noise reduction improvements using the
RSEMD method. The final images after RSEMD recovery (Figure 5¢)
look much closer to the original images (Figure 3b and Figure 3c)
than reconstructed with Inveon® PET default setting (compare with
Figure 5a on the top and Figure 5a on the middle).

Ex-vivo images of AD mice had enhanced tracer uptake in cortex
and hippocampus and olfactory bulbs compared to cerebellum
and there were no differences in control mice. Immuno-histology
confirmed the presence of plaques in cortex and olfactory bulbs
in both AD mice (Figure 3 bottom). Further analysis with a brain
segmental mapping analysis software inviCRO® [28] (Figure 6, both
graph and table) confirms the enhanced tracer uptake in cortex and
hippocampus compared to cerebellum. The table columns contain
volume and activities for each region of the brain over PET time
frames.

As demonstrated, the RSEMD algorithm performs well and can be
employed retrospectively on DICOM pre-clinical images with brain
segmentation software. In order to optimize the image processing
procedure, MATLAB® based software within a multi-modality image
handling environment [29] was developed. Figure 7 shows an efficient
image processing scheme from PET data acquisition to obtaining the

SOl0715 20 25 30 35 40 4510 15 20 25 30 35 40 4, oSN UNT NI
X, mm X, mm
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Figure 5: Coronal slice through 3D brain image recovery (PET only on Figure
3) for the mice AD1 (top) and AD2 (middle) with Inveon® default setting
4 OSEM + 18 MAP (a), coronal slices through 3D image recovery after
additional 5 RSEMD iterations (b) and after 10 RSEMD iterations (c) Visual
inspection confirms (bottom row) the spatial resolution and noise reduction
improvements using the RSEMD method (c). The voxel size is 0.796 mm 2.
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final high quality results based on RSEMD iterative method. Note,
RSEMD image enhancement software can be easily supported by
off-the-shelf operating system hardware (Intel NUC® processor for
example) which could be implemented as the image processing cycle.

Summary

1. The data indicate the possibility of measurements of mice
brain regional uptake and washout of *F-HQ tracer kinetic
studies. The uptake ratios increased with age of the animals
(Figure 1).

2. Presence of plaques in cortex and olfactory bulbs confirmed
by histopathology could be imaged in AD mice (Figure 3).

3. These promising results warrant further evaluation of *F-HQ
derivatives as imaging agents for early detection of amyloid
plaque deposition in AD brain [30].

4. The results of these example studies of quantitative detection
of beta-amyloid plaques deposition in AD mouse brain clearly
show a perfect practical ability of RSEMD method (Figure 4)
for PET preclinical image enhancement and possible clinical
applications (Figure 5).

5. The inviCRO® imaging software was used successfully for
mouse brain segmentation to determine activities for each
region of the brain over PET time frames (Figure 6).

6. An original iterative deconvolution scheme to enhance
resolution and noise reduction in brain PET imaging has been
designed (Figure 7).

7. Inveon® PET/CT imaging device used in the study has some
limitations in detecting small disease foci and in assessing
plaque burden quantitatively with high resolution and low
SNR (Figure 8).

Discussion

All our imaging studies of plaque deposition were obtained from
a commercial Siemens Inveon® micro PET/CT device. However, this
state-of-the art imaging device used in preliminary studies has some
limitation in assessing plaque burden quantitatively. The Inveon®
PET delivers (vendor declared) 1.4 mm FWHM (Full-Width at Half-
Maximum) at center of Field of View (CFOV) [19,31].

A big disadvantage also is that reconstruction time to obtain
good quality images in 3D is long (a few hours) because OSEM
3D reconstruction algorithm convergence is too slow (Figure 8). A
limitation for number of iterations 4 OSEM iterations and the following
18 MAP iterations (4 OSEM+18 MAP) has been recommended as
standard default for most of research studies. Systematic investigation
of spatial resolution and sensitivity of this Inveon® PET scanner was
presented [31]: tangential FWHMs were measured 1.5 mm in the
CFOV and 1.8 mm at the edge, but radial FWHMs were 1.5 mm in
the CFOV and 3.0 mm at the edge. Average resolution was founded
11.6 +/- 0.06 mm.

In a preliminary investigation the time activity curves for plaques
were generated using whole brain activity. The Inveon® Acquisition
Workplace (IAW) software was not able to reach satisfactory
discrimination to identify precisely the ROIs of the AD lesions.

Figure 8 demonstrates a coronal slice through the 3D image
OSEM/MAP reconstruction for AD brain mouse with Inveon®
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Time Frame (sec) 0-300 300 - 600 600 - 900 200 — 1200
AD Mouse Brain,

F-18 Volume Activity Activity Activi Activity
Atlas Regions mm’) (uCifmm’) (zCi/mm’) (uCi/ (2 Ci/mm’)
Medulla 34.2004  0.00131276  0.000828692 0.000660553  0.000568321

S58.5315  0.00144121  0.000911426 0.000736661 0.000639946
36.4753 0.00205183  0.00137374  0.00110846  0.000966024

Cerebellar Cortex
Midbrain

Pons 18.7636  0.0017547  0.00112073  0.000920841 0.000764553
Cerebral Cortex 158.661 0.00250144  0.00165367  0.00132652  0.00111247
Hippocampal

Format 37.4417 0.00207607 0.00142182 0.00113328 0.00101444
2 20.5168 0.00237891  0.00161098  0.00124579  0.00112076
Hypothals 17.019  0.00253736 0.00167908  0.00130859  0.00116099
Striatum 44.2578 0.00258472 0.00168863  0.00133449  0.0011643
lum 12.0073  0.00257337 0.00168755  0.00131454  0.00116421
Olfactory 31.8571 0.00365287 0.00186765  0.00136943  0.00112321
Corpus Callosum 112205 0.00242647 000164456 0.00132797  0.00113954
ite Matter 9.24497 0.00253371  0.00166669  0.00132778  (.OO115427
i cles 3.23275 0.00234733  0.00160506  0.00130914  0.00114228
Entire Atlas 493.43  0.00365287 (LO0186765  0.00136943 0.0011643

Figure 6: AD mouse brain multi-segmental mapping analysis (both graph and
table) with inviCRO® imaging software confirms the enhanced tracer uptake
in cortex and hippocampus compared to cerebellum. The table columns
contain volume and activities for each region of the brain over PET time
frames.

Inveon IAW Inveon IRW 3D
PET/CT DICOM OSEM Reconstruction
Imaging Data (4 OSEM + 18 MAP) InviCRO 3D:
PET+CT
Registration,
Augmented Image Image RESULTS
recovery with additional Cropping, 3D ane from.
Iterations by RSEMD mouse Atlas, Fit
l Data to Atlas,
Brain
Convert results to Segmentation
supported datatype | |
format for InviCRO brain

segmentation software

Figure 7: Flowchart description of optimal 3D image recovery processing with
RSEMD to improve the quality of sub-optimal pre-clinical brain PET images.

(@) (b) © @

Figure 8: Coronal slice through 3D image reconstruction for AD brain mouse
injected with '®F-HQ with Inveon® IRW default setting 4 OSEM + 18 MAP
(~10 min) (a), with 100 OSEM + 100 MAP and resolution parameter =1.5
mm (~2.5 h) (b), with 100 OSEM + 100 MAP iterations with and resolution
parameter =1.1 mm (~ 2.5 h) (c) and with additional 10 RSEMD iterations
(d). The Inveon® IRW OSEM 3D reconstruction algorithm convergence is too
slow and without visible improvements. The visual inspection confirms the
spatial resolution and SNR improvement using the RSEMD method (d). The
voxel size is 0.796 mm 3 .
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IR. Using the default setting 4 OSEM and followed by 18 MAP
reconstruction time is about 10 min (Figure 8a); with 100 OSEM +
100 MAP iterations and resolution parameter o =1.5 mm (Figure 8b,
reconstruction time ~ 2.5 h); with 100 OSEM + 100 MAP iterations
with resolution parameter o =1.1 mm (Figure 8c, reconstruction
time ~ 2.5 h) and additional 10 RSEMD iterations with resolution
parameter ¢ =1.5 mm (Figure 8d, recovery time ~ 5 min). The
Inveon” IRW OSEM 3D reconstruction algorithm convergence is too
slow without any visible improvement from 4 to 100 OSEM iterations
and is almost independent of the resolution parameter o (compare
Figure 8a and 8¢).

To increase the quantitative ability in PET imaging of beta-
amyloid plaques deposition in AD mouse brain, a more efficient
mathematical approach to improve previously reconstructed PET
images and enhance tracer concentration analysis in different brain
regions has been implemented.

For future improvements the partial volume effect corrections
with MRI-based techniques will be added for AD image processing.
The Partial Volume Effect (PVE) [32] has been recognized as the
principal factor responsible for adverse effects on PET image quality
[33,34]. It is one of the important limiting factors in PET quantitative
data analysis. Measurements of cerebral features in patients with
Alzheimer’s disease using PET are artifactually depressed due to PVE
averaging of brain tissue activity with other tissues - e.g. enlarged
cerebrospinal fluid (CSF) spaces, bone and scalp [35,36]. This effect is
increased in the presence of cortical atrophy. In this case, the cortical
activity will be underestimated and sequential studies in small animals
as well as clinical studies involving the comparison of patients with
AD and healthy subjects will be impaired due to PVE effects. Methods
for PVE corrections are therefore essential to avoid artifacts in the
results and high noise levels in the reconstructed AD images.

Recent studies found that SUV readings vary on different PET
systems [37] and regions of interest [38] can influence quantitative
PET study results. Nevertheless, it is necessary to develop better
methods of quantitation, capable of providing absolute concentrations
of the agents and thus target tissue volume. Combination of PET/
CT with MRI-based techniques will provide a new set of tools [39]
for quantitative study of the biology of AD in mouse models of the
disease. With these mice the anatomical brain maps generated with
MRI will be uniquely useful for any voxel based method of partial
volume effect correction to enhance quantitative abilities of AD PET
studies.

Conclusion

The quantitative ability of RSEMD method, incorporating an
original deconvolution scheme using resolution subsets to maximize
SNR, was demonstrated on examples of PET imaging studies of AD
plaques deposition in mouse brains. The computations associated
with each subset depend on the image update (intermediate image
after one or more iterations) from the previous subset’s iteration.
When all of the resolution subsets are employed, an image
recovery procedure has been performed. In this case an enhanced
PET image recovery with RSEMD has shorter processing time
than conventional EM (MLEM, OSEM, OPLEM etc.) algorithms.
To reconstruct an image with higher resolution it is not necessary
to spend time for extra iterations as is required for the deblurring
algorithm or any EM (OSEM) method which use one resolution
parameter O for multiple image updates passed through the data
(conventional data subsets).

doi: 10.4172/2329-9533.1000134

Using the same Inveon® PET/CT device, along with developments
in processing the acquired data, using the inviCRO pre-clinical
imaging software for fitting the recovered PET image to the mouse
brain atlas to obtain the time activity information from different
ROIs, we achieved the desired technical level for quantitative studies
of changes in Alzheimer’s pathology over time. These improvements
will be crucial in order to facilitate diagnosis of AD progression at
the earliest stages. We expect that these studies will enhance the
assessment of potential AD therapeutic drugs.

The application of this rapid technique to clinical imaging looks
very promising for image resolution recovery for clinical PET. RSEEMD
method can easily be attached to any reconstruction algorithm (FBP,
MLEM, OSEM) used in clinical tomography (CT, PET, PEM) to
enhance clinical image quality [40]. This is one more advantage of the
RSEMD algorithm.

Designing a study to evaluate the performance of the RSEMD as
an image recovery method is the next step in determining the clinical
utility of this approach.
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