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A robust computational solution for automated quantification of a

specific binding ratio based on [**1]FP-CIT SPECT images

Abstract

Aim The purpose of the current paper is to present a computational solution to
accurately quantify a specific to a non-specific uptake ratio in [***IJFP-CIT single
photon emission computed tomography (SPECT) images and simultaneously measure
the spatial dimensions of the basal ganglia, commonly known as basal nuclei. A
statistical analysis based on a reference dataset selected by the user is also automatically

performed.

Methods The quantification of the specific to non-specific uptake ratio here is based on
regions of interest defined after the registration of the image under study with a template
image. The computational solution was tested on a dataset of 38 [***I]JFP-CIT SPECT
images: 28 images were from patients with Parkinson’s disease and the remainder from
normal patients, and the automated quantification was compared with three widely

known semi-automated quantification methods.

Results The results have revealed a high correlation coefficient between the automated
method developed and three widely known semi-automated methods used for
comparison (r > 0.975). The solution also showed an excellent robustness against
different positions of the patient, as an almost perfect agreement between the specific to
non-specific uptake ratio was found (ICC = 1.000). The mean processing time was

around 6 seconds per study using a common pc notebook.



Conclusions The solution developed can be very useful for clinicians to evaluate
[**1]FP-CIT SPECT images due to its accuracy, robustness and speed. Also, the
comparison between case studies and the follow-up of patients can be done more
accurately and proficiently since the intra- and inter-observer variability of the semi-
automated calculation does not exist in automated solutions. The determination of the
basal ganglia dimensions and the automatic comparison with the values of the

population selected as reference is also important for professionals in this area.

Key words: Parkinson’s disease; DaTSCAN; basal ganglia analysis; image registration;

Image segmentation.



1. Introduction

Movement disorders are caused by the degeneration of nigrostriatal neurons, and
Parkinson’s disease is characterized by a progressive degeneration of nigrostriatal
dopaminergic neurons. Studies of dopaminergic and benzodiazepine systems can be
image-based with the use of [**I] neuroligands. Presynaptic nigrostriatal terminal
functions are evaluated by the presence of dopamine transporters (DAT), which can be
studied with several cocaine analogue molecules labelled with [*?*1], such as [*?I]CIT,
[*#1]altropane and [*?*I]FP-CIT. Imaging of postsynaptic dopamine receptors has been
focused on D-like, benzamide derivatives, such as [**[]IBZM and [*?I]BF.* [**I]FP-
CIT is a widely used radiopharmaceutical to evaluate the presence of dopamine
transporters in the putamen and caudate nucleus. It is commercially available as

DaTSCAN (GE Healthcare, UK).

Imaging of the dopamine transporter with SPECT is the most widely used Nuclear
Medicine technique for routine assessment of patients with suspected degenerative
Parkinsonism.? With this technique, the reduction of dopamine transporters can be
observed in patients with Parkinson’s disease and also in patients with dementia with
Lewy bodies.®> Based on a voxel-wise comparison using the Statistical Parametric
Mapping Tool, Scherfler and co-workers * showed differences between the dopamine
transporter among patients with idiopathic Parkinson’s disease, patients in the early
stages of the Parkinson-variant of multiple system atrophy (MSA-P) and a control
group. Catafau and Tolosa ° showed the importance of the dopamine transporter SPECT
images for the diagnosis of clinically uncertain Parkinsonian syndromes. Further
information on the diagnosis of Parkinson’s disease can be found, for example, in the

works of Varrone and Halldin 2, and Tolosa, Wenning and Poewe °.
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The reduction of [***IJFP-CIT nigrostriatal uptake confirms Parkinson’s disease and
discards other diseases, such as essential tremor or drug-induced Parkinsonism. Usually,
these kinds of studies are qualitatively evaluated by visual inspection by nuclear
medicine physicians. Several quantification methods have been developed to aid visual
inspection and to improve the success of the final diagnoses.” Absolute quantification
methods can be invasive and demand the minimization of common error sources, such
as attenuation correction, scattering, patient movements, partial volume effects,
sensitivity, and low spatial resolutions.®® Furthermore, absolute quantification methods
involve radiopharmaceutical kinetic modelling and arterial blood sampling, which are

somehow not appropriated to a busy nuclear medicine unit.

Semi-quantitative methods use dedicated computers and software solutions to analyze
the information obtained with the main purpose of classifying the patients according to
different uptake patterns in the structures of interest.” These methods can help to
improve the diagnosis accuracy and to evaluate the response to therapies more

efficiently.

The normal semi-quantitative methods use specific to non-specific uptake ratios —
striatum uptake relative to the background, and regions of interest (ROIs) are used to
calculate these uptake ratios. Usually, the ROIs are defined by outlining the caudate and
putamen, and a large ROI is defined by outlining the background of the non-specific
uptake. The ratio obtained is related to the availability of dopamine transporters. The
positioning of the ROIs can be done manually or semi-automatically by an expert, as in
the pioneer work of Costa and co-workers '°, or automatically; for instance, based on
the anatomic information presented in magnetic resonance (MR) images or in functional

SPECT images.



The main goal of this paper is to present a fully automated methodology to help
clinicians in the analysis of DaTSCAN SPECT images. The software solution
developed does the automated quantification of the specific to non-specific uptake ratio,
which is directly related to the binding potentials,* and also a 3D dimensional analysis
of the basal ganglia region. Additionally, useful features are integrated into the solution,
including the computations of the z-scores of each measure relative to a reference
dataset, and the building of a voxel-by-voxel z-score map of the case under evaluation
comparative to a reference dataset, which can be of a normal or of a specific population.
The software solution accepts 3D images stored in common file formats (DICOM,
NIfTI, Analyse, etc.) with different pixel spacing and slice thickness from different

gamma cameras.

The automated calculation of specific to non-specific uptake ratio is similar to the semi-
automated procedure carried out in many medical institutions, which is based on the
placement of three regular ROIs. Although some research has been done on the
development of fully or semi-automated methodologies for the computation of specific
to non-specific uptake ratios of [**I1]IBZM or DaTSCAN SPECT images and their
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comparison, the computational solution proposed in this work is considerably

different from them due its additional features and because it is fully automated.

2. Material and methods

2.1 Dataset

The data of 38 subjects (62 + 10 years), 16 males and 22 females, randomly chosen
from HPP-Medicina Molecular (Portugal) patients, was used as an experimental dataset.

The patients underwent [**IJFP-CIT SPECT studies, with administered activities



ranging from 148 to 185 MBq, after thyroid blocking with potassium iodide solution.

Images were obtained 3.5 to 4 hours post injection.

The images were acquired using 3 different cameras: Infinia, Millenium MPR and
Millenium MG (GE Healthcare). A 128x128 matrix was used, with a radius of rotation
inferior to 15 cm, 360° circular orbit, 128 projections and 30 seconds per view. The
SPECT data was reconstructed using a Xeleris Workstation (GE Healthcare) by back
projection filtering with Hann’s filter, with a critical frequency of 1.0, and corrected for
attenuation by Chang’s method (M equal to 0.11/cm, and elliptic fitting with separate
contours for each slice). The images were then exported in the standard DICOM

protocol.

Based on the clinical history and visual inspection of the images by experienced
Nuclear Medicine physicians, 28 patients were classified with signs of dopaminergic

degeneration, and the remaining 10 were classified as normal.

2.2 Automated quantification and analysis

The fully automated computational solution developed can be divided into the following
four main steps: (1) registration, i.e. alignment, of the 3D DaTSCAN SPECT image
under study with a pre-built template 3D DaTSCAN image; (2) computation of the
binding potential index (BPI) for both left and right basal ganglia, based on pre-defined
volumetric regions; (3) segmentation of both basal ganglia and consequent computation
of related 3D geometric dimensions; (4) statistical analysis having a user-defined

dataset as reference. These steps are further detailed in the next sections.

2.2.1 Template DaTSCAN SPECT image

To define the template DaTSCAN SPECT image to be used in the registration step, a

normal image was selected, and then it was semi-automatically registered according to
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Talairach and Tournoux’s atlas. Then, a set of normal images, including images from
different sources, was chosen and each of these images was registered with the image
registered in the previous step. All registered images were then normalized to the same
intensity scale, taking into account the maximum count. Finally, a mean normal image

was built based on all the registered images, and adopted as the template image.

In the experimental results reported here, a voxel size of 4.42x4.42x4.42 mm?® was used
for the template image; however, a different spacing could be adopted. It should be
noted that the template DaTSCAN SPECT image just needs to be built once, and is used
to register all DaTSCAN SPECT images, independently of the patients under study or

the image acquisition parameters.

2.2.2 Image registration

The accuracy and robustness of the image registration step are crucial for the success of
the computational solution. The key steps of the registration algorithm used are depicted

in Figure 1.

Initially, the intensities of both images are rescaled according to the following
transformation:
25
. 1(x, Y,z
| (X, y’z)=[wj (1)

max

where |' represents the intensity of the rescaled image, | the intensity of the original
image, i.e., the counts associated to each voxel, and Inmax is the maximum intensity in the
image that is being rescaled, namely, the maximum count, presented in I. This rescaling
is applied independently to both images, and so, after the rescaling, both template and

target images have the same maximum intensity.



The aim of this rescaling step is to increase the influence of the basal ganglia, which is
associated to the highest counts, and to decrease the influence of other regions, which
are associated to lower counts. A value higher than 1 (one) in the exponent value in
Equation 1 reduces the intensity in the non basal ganglia regions relatively to the
intensity of this region. However, that exponent cannot be very high; otherwise, the
registration would fail when the differences between the intensity in the basal ganglia
and the other regions of the head are very low. The experimental results have shown
that the exponent value of 2.5 is appropriate for the optimization algorithm and
similarity measure used in the image registration process. Note that the template pre-
built template 3D DaTSCAN image needs only to be intensity rescaled once since its

rescaling is independent of the image under study.

Afterwards, an initial translational pre-registration step, based on the first order
moments of the two rescaled images, is carried out. Then, Powell’s method #* is used as
the multidimensional optimization algorithm, adopting a three level multi-resolution
strategy. The golden section method is integrated into Powell’s method for the line
minimization. The goal of this optimization is to search for the geometric
transformation that minimizes the sum of the squared differences (SSD) among the
intensity values of the voxels of both input images, since it is assumed that the lower the
SSD the better the alignment. A rigid geometric transformation, which includes three
translational and three rotational components, is used as the geometric transformation
model. During this optimization process, the images are resampled using linear

interpolation.

The iterative optimization algorithm stops when no significant improvement in the
similarity measure can be achieved. Finally, by applying the optimal geometric

transformation found, and using the Welch windowed sinc interpolation with a window



radius equal to 4, which was found experimentally, the image under study is registered

with the template image.?

In the reconstruction of the registered images, the same voxel spacing and image origin
are always used. As such, all registered images have the same coordinate system, and
the basal ganglia are placed according to identical spatial positions and orientations.
Hence, the registration attained is independent of the image voxel spacing, since the

registration process is based on the physical coordinates of the images.
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Figure 1: Diagram of the algorithm used to register the DaTSCAN SPECT images.

2.2.3 Computation of specific uptake ratios

The fully automated software solution developed does the computation of the BPI based
on the placement of three ROIs, as proposed by Costa and co-workers.? It follows the

same steps as many semi-automated software solutions. For instance, in the software
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available on the Xeleris™ Functional Imaging Workstation version 1.1452 (GE Medical
Systems) used in this work for comparison, the quantification process can be divided in
the following main steps: (1) first, the observer does the semi-automated orientation of
the volumetric image; (2) then, based on the signal presented on the transaxial slices,
the observer selects the slices that contain the basal ganglia, which are then added to
build a thick slice (2D image); (3) after that, the observer places three regular
rectangular ROIs with similar area on the slice built, one on the left basal ganglia,
another on the right basal ganglia and a last one on the parieto-occipital posterior region
that includes gray and white matter; (4) finally, each BPI (left and right) is calculated

according to:

BPI = BG-BK 2)
BK

where BG is the mean counts per pixel in the ROI that contains the basal ganglia and
BK the mean counts per pixel within the ROI containing the parieto-occipital region,
which is used as reference. The dimension of the ROIs on the basal ganglia is

approximately 44x62 mm? and on the parieto-occipital region is around 70x39 mm?.

As referred, the automated computation of the BPI is similar to the semi-automated
method described above but in this case the process is totally automated: (1) first, using
the registration algorithm, the DaTSCAN image under study is geometrically registered
with the template DaTSCAN image; (2) then, three volumetric ROIs are defined on the
registered 3D image, and the total signal contained in each ROI is calculated and
normalized by the number of voxels of each region; (3) finally, both BPI are computed
using Equation 2. In the software implementation done, the transaxial sections of the 3D

ROIs have approximately the same dimension as the ROIls used in the semi-automated
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methodology described above, and about 49 mm of thickness along the inferior-superior

direction.

The computational solution developed was also compared with the widely known Three
Box and Two Box methods available in the commercial software package

QuantiSPECT version 1.0 (GE Healthcare).

The Three Box method available in the QuantiSPECT is similar to the semi-automated
method described above. The only significant difference is that in the QuantiSPECT the
dimension of the ROI over the parieto-occipital posterior region is defined by the user.

This Three Box method computes the BPI as defined above.

The Two Box method was developed by Tossici-Bolt and co-workers.* To apply this
method, the user needs to make the same initial steps as in the other two semi-
automated methods described above, i.e. align the DaTSCAN image, build a summed
image based on the slices selected by the user, and place separately two large ROIs over
the striatum. In this case, the ROIs over the striatum are trapezoidal. A reference region
is automatically defined by the software as the whole of the brain parenchyma
excluding the regions inside the two ROIs over the striatum. The output of this software

is the specific binding ratio (SBR) computed as:

c, 1(Ct
SBRZC—S=\7( CROI _VROI]! (3)

r S r

where c is the count concentration in the striatum due to the specific binding only, c,
Is the count concentration in a reference region due to the non-specific binding, V. is
the volume of the striatum, Cty, is the total counts in the ROI over the striatum, and
Vo 1S the volume of the ROI over the striatum. Note that the SBR equation used by

Tossici-Bolt and co-workers ** is related with the BPI by SBR=BPI xV,, /V,,
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considering that the reference regions used in both equations have identical mean counts
and all counts associated to the striatum are inside respective ROIs. Since in this work
the ROI over the striatum has a V., ~132.7 ml and Tossici-Bolt and co-workers * used

a V, =11.2 ml, we can estimate that SBR ~11.8x BPI .

To differentiate the semi-automated method available on the Xeleris™ Functional
Imaging Workstation from the Three Box method available in the QuantiSPECT

software package, in the rest of this work we refer to the first one as Three ROI method.

The main differences between the automated method and the semi-automated methods

used in this work for comparison are described in Table 1.

Table 1: Differences between the semi-automated quantification methods and the

automated quantification solution presented in this work.

Semi-automated methods

Automated

The observer semi-automatically
reoriented the DaTSCAN image based on
his experience and knowledge.

All images are registered based on a
unique and stable criterion.

The observer selects only the slices that
visually seem to contain the basal ganglia.
Thus, the slices selected depend on the
observer criterion and on the image
conditions. Even if the observer always
selects the same number of slices, the
same physical region is not always
defined due to the discrete nature of the
images and the different thicknesses of the
slices.

The physical dimensions of the 3D ROIs
are constant, since all registered images
are resampled with equal voxel spacing,
and the same number of slices is always
selected.

Two 2D ROIs are placed over the striatum
where the observer thinks is most
appropriate to contain all striatum.

For the Three ROl and Three Box
methods, the observer also needs to place
another 2D ROI on the reference region.

For the Two Box method, the reference
region is automatically defined by the
software.

The three 3D ROIs are always placed in
the same physical positions. The optimal
locations for the 3D ROIs are defined
based on the template DaTSCAN image.
For all images, even when acquired using
different gamma cameras with distinct
resolutions, the 3D ROIs have always the
same physical dimensions and constant
number of voxels, since the images are
registered and resampled with the same
spatial resolution.
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2.2.4 Basal ganglia segmentation

To complement the analysis of the basal ganglia, in addition to the automated BPI
calculation, the computational solution is able to segment this structure in the image
under study, i.e. extract the basal ganglia region from the input image, and compute
useful geometric measures that can be used to characterize the segmented structure. It
should be noted that the segmentation process is based on a functional image, and
consequently, the region extracted might not correspond to the anatomical region of the

basal ganglia; this is especially true for patients with Parkinson’s disease.

The segmentation process is based on an intensity threshold, and only voxels with
intensity higher than a threshold value are considered as belonging to the basal ganglia.
The main difficulty of this method is the definition of the optimal threshold value to be

used. In the solution developed, the following equation is used to define that value:

—\P
threshold =1 __ X(IB—KJ (@)

max

where Imax represents the maximum counts in the image and BK the mean counts in the
parieto-occipital posterior region. As such, this equation guarantees that the image
segmentation is invariant against linear intensity rescaling; i.e., the segmented image
remains identical even if the image intensity values are multiplied by a constant factor
(>0). Besides, the threshold value is automatically adjusted according to the maximum

intensity presented in the input image and the mean intensity value in the parieto-

occipital posterior region. Since BK < 1_, the threshold is always a value higher than

BK and lower than Ina for 0< p <1. In the experiments performed a p value equal to

0.4 led to good visual results in all DaTSCAN images, except when the striatal uptake

was almost equal to the uptake on the parieto-occipital posterior region.
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In the segmentation process, a voxel spacing of approximately 1 mm is considered to
assure the smoothness of the volumetric region extracted. Figure 2 presents three

examples of the segmentation results obtained by the solution developed.

After the segmentation process, the total volume of each basal ganglia and
correspondent width, length and thickness (inferior-superior) are automatically
calculated. The orientation adopted to compute the width, length and thickness is based

on the template image, Figure 3.

Figure 2: 3D views of segmented basal ganglia: on the left, the basal ganglia of the mean DaTSCAN
image of the normal population; in the middle, the basal ganglia of a normal patient (case under study);

on the left, the basal ganglia of a patient with vascular Parkinsonism (case under study).

widith width

thickness

Figure 3: Width, length and thickness on both sides of the basal ganglia segmented from a DaTSCAN
SPECT image.
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2.2.5 Automated statistical analysis

The computational solution developed automatically carries out a statistical analysis on
the image under study relative to a dataset of images used as reference. If the statistics
of the reference dataset are already available, then they are used in the comparison;

otherwise, the computational solution computes the associated statistics.

From the reference dataset, the computational solution computes the mean and standard
deviation images, and the mean and standard deviation of the BPI and dimensions of the
basal ganglia region. Based on these mean and standard deviation images, a voxel-by-
voxel map is defined for the image under study according to a z-score scale. The z-score
mapping of the DaTSCAN SPECT image shown on the right side of Figure 2 is visible

in Figure 4.

Figure 4: Example of the results obtained by the computational solution: From left to right, a slice of the

mean DaTSCAN image built, based on the dataset of a normal population used as reference;
correspondent slice of the registered DaTSCAN image under study; image representing the intensity
differences of the two latter slices; and finally, the visual representation of the z-score map relatively to
the mean and standard deviation of the reference dataset, i.e., the z-scores are represented over the image
under study, only z-scores higher than 2 are depicted and the red colour means a z-score superior to 5.

(The blue rectangles represent the ROIs used.)

2.3 Validation of the methodology

To validate the computational methodology, three different procedures were carried out:
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(1) First, a visual evaluation of the image registration, ROI placement, and basal ganglia

segmentation was performed by two expert observers.

(2) Second, a set of 4 normal DaTSCAN images and 4 abnormal DaTSCAN images
were randomly chosen to assess the robustness of the methodology against different
patient positions. Afterwards, the DaTSCAN images were successively rotated 10
degrees around each axis and then processed by the computational solution. To evaluate
the agreement between the original and rotated DaTSCAN SPECT images, the
intraclass correlation coefficient (ICC) was computed among the four trials: the original
and the three rotated. It should be noted that each rotation also included implicitly a

considerable geometric shift, since the rotations were applied relative to the origin point.

(3) Finally, the BPI and SBR semi-automatically computed were compared with the BPI
automatically computed. For the three semi-automated methods, the image orientation,
slices selection, and ROIs placement was performed by two expert observers. The
correlation between the values obtained by the automated solution and the values
obtained by the observers was assessed using the Pearson’s linear correlation coefficient

(r) and the ICC.

2.4 Implementation
The computational solution was fully implemented in C++ and tested on a notebook PC
with an Intel 17-2670QM microprocessor, 6 GB of RAM, and running Microsoft
Windows 7. Techniques of image processing and visualization were implemented with
the help of the following free open source toolkits: Cimg, Insight Toolkit (ITK) and

Visualization Toolkit (VTK).
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3. Results

The computational methodology was visually evaluated by the expert observers using
the whole experimental dataset defined. For each DaTSCAN SPECT image under
study, the observers assessed the quality of registration, the placement of the volumetric
ROIs, and the basal ganglia segmentation. Both observers agreed that the computational

solution was highly effective in all cases.

A very high consistency was obtained for the subset of patients in different positions.
ICCs of 1.000, 1.000, 0.996, 1.000 and 1.000 were reached for the BPI, volume, width,
length and thickness of the basal ganglia region, respectively. The very high ICC
obtained means that there was an almost perfect agreement between the values obtained

with the patients in the different positions.

Table 2 shows the Pearson’s linear correlation coefficient among the BPI values
obtained using the automated method and the BPI and SBR obtained by the observers
using the semi-automated methods. The scatter diagrams in Figure 5 depict the

correlation between the automated method and the semi-automated methods.

Since the automated solution presented and the semi-automated Three ROI and Three
Box methods compute the same BPI, the ICCs were also computed to test the absolute
agreement among them. The ICC between the BPI automatically obtained and the
average BPI obtained from the two observers were 0.980 and 0.974 for the Three ROI

method and Three Box method, respectively.

For the computation of the BPI or SBR using the semi-automated Three ROIs, Three
Box, or Two Box methods, an experienced observer usually needs 3 to 5 minutes. On

another hand, the automated computational solution only needs around 6 seconds for the
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complete process, i.e. image registration, quantification of the BPI, image segmentation

and dimensional analysis, statistical analysis, and images visualization.

Table 2: Pearson’s linear correlation coefficients (r) between the BPI computed using
the automated method presented and the BPI and SBR computed using the semi-

automated Three ROIls, Three Box, and Two Box methods.

Three ROI method (BPI) Three Box method (BPI) Two Box method (SBR)
Observer | Observer | Observers' | Observer | Observer | Observers' | Observer | Observer | Observers'
1 2 average 1 2 average 1 2 average
Automated
method
(BPI) 0.962 0.981 0.983 0.974 0.968 0.975 0.974 0.974 0.975

Automated VS Three ROl Method
1.0

y=0.962x + 0.0292

I o o
IS o Y
\ \

BPI {observers' average)
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Figure 5: Scatter representation of the correlation between the BPI calculated by the computational

solution and the BPI and SBR obtained from the observers using the semi-automated Three ROI, Three

Box and Two Box methods.

4. Discussion

In the image registration process, a rigid geometric transformation was adopted mainly

because the intention was to simulate the semi-automated methods adopted for the

computation of the BPIl. Some authors have used geometric transformations with

scaling; however, DaTSCAN SPECT images do not have sufficient information to

guarantee a robust and accurate non-rigid registration of all possible images. Therefore
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such an approach must be used with care when only SPECT images are available,
especially when images with very low BPI are to be analysed. When the SPECT image
Is accompanied with an anatomical image acquired by X-ray, computed tomography or
magnetic resonance, then non-rigid geometric transformations could be used for the
computation of the BPI; but, for the quantification of the basal ganglia dimensions, a

rigid geometric transformation will always be a good option.

The results show an excellent robustness of the solution developed against different
positions of the patients. In fact, an almost perfect agreement between the values
obtained with the patient in distinct positions was found, which can be confirmed by the

very high ICC obtained.

A very high correlation was found between the automated method and the three semi-
automated methods (Table 2). These results show clearly that the semi-automated
methods can be replaced by the automated method presented in this work. The highest
correlation was obtained between the mean values from the two observers and the BPI

value from the computational solution.

Although there are small differences between the semi-automated Three ROl and Three
Box methods relatively to the automated method, a high agreement was found between
the BPI values obtained by the two observers using the Three ROl and Three Box
methods and the BPI obtained using the automated method (ICCs = 0.980 and 0.974,

respectively).

On the right scatter graph in Figure 5 can be observed that the SBR can be estimated
from the BPI by multiplying the BPI by approximately 11.322. This value is very close
from the value 11.8 estimated in Section 2.2.3. The tiny difference was expected since
the automated method and Two Box method use different ROIs, especially the ROIs

used as reference. Since there was also found a very high correlation between the BPI
20



computed using the automated method and the SBR computed using the Two Box
method (Table 2), it can be concluded that the Two Box method can be replaced by the

automated method.

We opted to measure the dimensions of each basal ganglia (width, length, and
thickness) in the same three perpendicular directions for all DaTSCAN images. This
option was chosen since, mainly for patients with Parkinson’s disease, the shape of the
region with the radioactive signal represented in the SPECT image varies considerably.
Thus, by fixing the directions according to each measure, the comparison of dimensions
of two basal ganglia becomes feasible. This is even more important in the follow-up of

patients.

In the experiments performed the threshold level used on the segmentation of the basal
ganglia varies accordingly the counts on the striatum and on the parieto-occipital
posterior region. Although the solution presented has leaved to good visual
segmentation results on almost all DaTSCAN images, we think that using a fixed
threshold level for all images will be possibly a better choice for patients comparison

and follow-up.

In this work, DaTSCAN SPECT images from different gamma cameras and with
distinct spatial resolutions were used in the evaluation of the proposed solution; and for
all of them, the results were extremely consistent, which once again shows the
reliability of the computational solution developed. Besides the dataset addressed in the
results here, the computational solution was also successfully tested on DaTSCAN
SPECT images acquired from other imaging centres using other cameras, with and

without signal filtering.

Although in the examples presented in this work the DaTSCAN exams were only

compared with a dataset of normal DaTSCAN, any dataset of DaTSCAN SPECT
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images can be considered as a reference for statistical comparison. Thus, a DaTSCAN
image of a patient can be easily compared with any particular population. A future work
project will be the assembly of big datasets representing different populations, for
instance: healthy subjects, patients with idiopathic Parkinson's disease, patients with
vascular Parkinson's disease and patients with essential benign tremors. Consequently, a
DaTSCAN exam could be compared with the exams of different populations, and
therefore, increase the confidence and the information available for the doctor to make

the diagnosis.

The segmented basal ganglia region and its dimension can be used to assist the
physician in the analysis of doubtful clinical cases. This could be done by visualising
the shape of the basal ganglia region and by comparing the length of the basal ganglia

(Figure 3) with the mean length of the normal population.

The methodology presented was tested on DaTSCAN SPECT images, but we think it
could also be successfully applied to quantify the availability of dopamine receptors

based, for instance, in [***1]IBZM SPECT images. Possibly, this will be a future task.

5. Conclusions

To conclude, the computational solution developed revealed high accuracy and
robustness for the analysis of normal and abnormal DaTSCAN SPECT images.
Therefore, it can assist in the quantification of the BPI and SBR, under the supervision
of an expert. We also think that the z-score image and the 3D visualization of the
segmented basal ganglia region and its quantification are of considerable value for
medical diagnoses. Finally, the automatic comparison with the values of the population

selected as reference can be helpful for the professionals in this area.
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Since the computational solution developed accepts 3D images stored in several file
formats with different pixel spacing and slice thickness from different gamma cameras,

it can be easily used by research groups and integrated in other software solutions.
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