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Abstract

Purpose Single-photon emission computed tomography (SPECT) imaging, a relatively inexpensive nuclear imaging tech-
nique, has been used as a diagnostic tool for Parkinson’s disease (PD). The tracer *™Tc-TRODAT-1 is commonly used in
Taiwan, where the imaging cost is covered under the national health insurance system. However, poor TRODAT-SPECT
imaging resolution is a problem. Therefore, we developed a semi-quantitative program that can perform automatic region
of interest (ROI) delineation for semi-quantifying striatal dopamine transporter activities.

Methods A total of 228 subjects were enrolled in this study, including PD patients (n=62) and healthy controls (n=166).
The subjects received a *™Tc-TRODAT-1 brain SPECT scan. Some of the subjects (n=40) also received a high-resolution
magnetic resonance imaging (MRI) scan for the evaluation of the accuracy of the semi-quantitative assessment. In addition,
the developed automatic ROI delineation method was used to calculate the striatal specific uptake ratio (SUR) in dopamine
transporter imaging. The reproducibility of the SUR obtained using the method was compared to those in previous studies.
Results Based on linear regression analysis (r*=0.92, correlation coefficient=0.96), a correlation was found between the
results obtained using the automatic ROI delineation method and those of the manual method in striatum with the corre-
sponding MR images. The age-related decline of SUR availability measured in this study was 6.4% per decade. There was
almost no difference between our results and those in related clinical studies.

Conclusions The proposed automatic ROI delineation program for SUR analysis was tested and used to estimate the ROIs
in TRODAT-SPECT images to aid PD diagnosis. The program could be helpful for physicians who are inexperienced with
TRODAT-SPECT images.
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1 Introduction

The diagnosis and treatment of idiopathic Parkinsonism
require experienced clinicians to provide clinical consulta-
tion and neuroscience examination [1-3]. The movement
disorders of patients must also be examined for accurate
diagnosis. However, the symptoms in the early stage of
Parkinson’s disease (PD) are mild. When obvious move-
ment disorders appear, more than 80% of the dopaminergic
nerve system in the patient’s brain has often already been
damaged [4, 5]. Nuclear medicine dopamine imaging is
a tool for the early diagnosis of idiopathic Parkinsonism
[6]. The dopamine transporter (DAT) is a specific protein
on dopaminergic neurons. With neurodegeneration, the
number of DATSs decreases. Dopamine imaging is applied
to assess the number of striatal dopaminergic neurons in
the brain by marking the dopamine system with nuclear
medicine. The images can be used by clinicians to deter-
mine whether movement disorders are caused by dopa-
minergic neurodegeneration. Different types of Parkinson-
ism require different treatments and prognoses. Examples
include vascular Parkinsonism, which is caused by a
continuous mild stroke near the basal ganglia, which con-
trols movement, and manganese-induced Parkinsonism.
Therefore, it is very important to effectively distinguish
idiopathic Parkinsonism from other types of Parkinsonism.
Early and correct diagnosis of idiopathic Parkinsonism is
very important for clinicians because adequate treatments
can slow the deterioration caused by the disease and main-
tain the quality of life of the patient [7].

Dopamine imaging such as TRODAT-SPECT (single-
photon emission computed tomography) or FDOPA-PET
(positron emission tomography) is used to accurately dis-
tinguish different types of Parkinsonism [8]. Tradition-
ally, diagnosis based on dopamine imaging with SPECT
relies on professional clinicians to realign the imaging and
assess whether the striatum function is degraded. Clini-
cians must also perform a semi-quantitative analysis to
calculate the specific uptake ratio (SUR). To calculate the
SUR, a region of interest (ROI) on the outside of both
striatum is circled, and an area (such as the cerebellum or
occipital lobe) is also circled for the reference. The ROI
must be circled one by one on several tomographic images,
which is laborious and subject to human error [9].

A SPECT scanner is less expensive than a PET scanner
and thus an examination with TRODAT-SPECT is less
expensive than that with FDOPA-PET [10, 11]. Many
research teams have developed SPECT automatic semi-
quantitative analysis tools for evaluating the striatal uptake
of dopamine transporters [12—-21]. Nevertheless, auto-
mated analysis may be inaccurate for SPECT imaging that
uses different acquisition protocols and reference values

from those in the normal control database. In Taiwan,
9mTc.TRODAT-1 is covered under the national health
insurance. An automatic, fast, and reliable method for
automatic semi-quantitative TRODAT-SPECT dopamine
scanning to help clinicians diagnose Parkinson’s disease
is required. A program that can effectively assist the early
stage diagnosis of Parkinsonism is urgently required. The
present study proposes an automatic semi-quantitative
analysis program for *™Tc-TRODAT-1 SPECT scanning.
This program provides an accurate semi-quantitative
SPECT dopamine imagining analysis report.

An important step in DAT semi-quantification is the cor-
rect delineation of the ROI in SPECT images. This study
evaluates the feasibility of the proposed automatic stri-
atal ROI delineation method. The semi-quantitative data
obtained using the automatic ROI delineation are compared
with those from manual ROI delineation in SPECT images
guided by MRI. The correlations between the SUR and age-
related decline in health controls, and those between SUR,
asymmetry index, and PD stage are examined.

2 Materials and Methods
2.1 Automatic Semi-quantitative Analysis Program

The automatic analysis consists of four main steps. Figure 1
shows the entire process of the proposed method. First, the
raw reconstructed SPECT images are spatially resampled
to obtain a 1 mm? resolution. Second, four ROIs with fixed
dimensions are set corresponding to the left and right stria-
tum. Third, the mean value of counts in each ROI is calcu-
lated to obtain the SUR. Finally, the resulting parameters are
collected as a report. The automatic ROI delineation on the
striatum is discussed in detail below.

2.1.1 Automatic ROI Delineation on Striatum

The structural and functional mapping of the brain is a major
approach in neuroscience. To properly set the ROI on the
caudate and putamen, the relative brain size must be meas-
ured based on the head size of the subject. The proposed
automatic ROI delineation method is as follows:

2.1.1.1 Slice Selection for Processing With images resliced
at a resolution of 1 mm>, a SPECT scan consists of 256
transaxial slices from the top to bottom of the head. The
summed SPECT scan image is calculated along the sagittal
and coronal planes of all slices to decide the “Up” index
and the “Down” (DW) index for the brain. The horizontal
projection profile is obtained by summing pixel values from
the summed SPECT scan image. The lowest value of the
upper part in the profile is detected as “Up” index. Besides,
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Fig.1 Scheme of the proposed
method

—

Manual Function

Fig.2 Example of brain size analysis for a subject. a Evaluation of
striatum placement, b right-bottom panel showing that polar con-
verted image from original image (top panel). The A-Star (A*) search
algorithm was used to find the shortest path from polar converted

the lowest value of the lower part in the profile is detected as
“DW” index. Figure 2a shows the determined parameters for
the top and bottom of the brain. According to the range from
the “Up” to “DW” indices, we can define the height 4. The
first slice (Str, ) on the volume of the striatum is obtained at
the “Up” indices + h/2. The last slice on the volume of the
striatum is obtained at the “Str,,” indices + 24 mm.

2.1.1.2 Setting ROl on Brain To get the contour of the brain
along the transversal plane for each slice, images are con-
verted from Cartesian coordinates (X, y) to polar coordinates
(r, 8). (x0, y0) of mass of image is set as the image center of
the polar coordinates. After this conversion, line detection is
used to extract the boundary of the brain. Figure 2b shows
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image. Transaxial slice (left-bottom panel) showing result of brain
contour obtained using line detection. ¢ Brain contour after smooth-

ing

the contour of the brain detected using A-Star (A*) search
algorithm based on a conversion from polar coordinates (r,
0) to Cartesian coordinates (X, y). To remove small noise, all
contour lines are smoothed using a median filter, as shown
in Fig. 2c.

2.1.1.3 Setting ROl on Striatum First, an anatomical parcel-
lation of the spatially normalized single-subject high-reso-
lution T1 volume provided by the Montreal Neurological
Institute (MNI) [26] was employed as a normal template set,
which is set up for spatial normalization of the brain. For
vertical scaling of the brain, the template set is resampled
using image interpolation, as shown in Fig. 3a. For horizon-
tal warping of the brain, thin plate splines [22] are applied
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Fig.3 Steps for setting ROI on
striatum (caudate and putamen).
a Vertical scaling atlas image
based on original image. b Con-
tours of brain corresponding

to one transaxial slice. ¢ Atlas
warping. Red lines: transformed
reference atlas; light blue grid:
backward warp transform from
atlas to original image. d Map-
ping result of ROIs of striatum

Atlas image

to generate warping template images based on landmarks
created by the smoothed contour of the brain, as shown in
Fig. 3b. After whole-brain scaling and warping of the nor-
mal template set, the warped ROIs are mapped to the stria-
tum in the SPECT images. We also check whether the 13th
slice has the maximum area of the SUR. If not, all ROIs of
the striatum are moved into the slice with the maximum area
of the SUR.

2.1.2 Quantitative Analysis

The software was developed for reconstructed and atten-
uation-corrected SPECT brain images. The reconstructed
SPECT images are shown as a 50-slice transaxial dis-
play. All slices are resampled to a 1-mm? (image size of

( b ) Original image

(d)

256 X256 x 256 pixels) resolution. The ROIs for the left
and right striatum and the whole brain without striatum
are set automatically for each subject.

Verification of the proposed method was conducted
using the striatal SUR and the left-right asymmetry index.
The tracer uptake value was quantified using the striatal
SUR, defined as:

Target — Reference
SUR =

1

Reference M
where Target is the mean activity concentration in the stri-
atal region (caudate or putamen) and Reference is the mean
activity concentration in the reference region. In this study,
the 75th percentile activity concentration of the whole brain
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without striatum was used as a reference. This was done to
reduce the influence of brain atrophy and infarction as well
as statistical noise associated with the estimation of non-
striatal uptake [23]. The percentage of the asymmetry index
(%AI) was calculated as:

SURright - SURleft

%Al = x2x100 2)
SUR, g + SUR,,,

where SUR,,;,, and SUR,,, are the average values of the ROI

striatum on the right and left sides, respectively. As shown,
asymmetry was considered to be an absolute value.

2.1.3 Software Implementation

Our software was developed in C+ 4+ using Microsoft Foun-
dation Classes (MFC), which has two solutions to implement
the ROI for striatum by automatic delineation and manual
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Fig.4 Implementing the user interface for our proposed software. a
Main interface with automatic ROI delineation of 9mTc-TRODAT-1
SPECT image for healthy volunteer, and the resulting SUR analysis
(middle panel) represented as a scaled color map (upper right panel).
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correction. This software processes, analyzes, and reports
the data for "Tc-TRODAT-1 SPECT images. In Fig. 4, the
software was designed for clinicians. It allows automatic
striatum ROI alignment, automatic quantitative data analy-
sis, manual ROI alignment, and manual realignment. The
SUR and asymmetry index were calculated from a SPECT
scan.

2.2 Manual ROl Method
2.2.1 Manual and MRI-Based Registration ROI Delineation

Visual inspection or manual selection of the ROI for semi-
quantitative analysis is mainly used to observe and evaluate
the degree of striatal defects. MRI images are considered
the reference for the ROI definition of the striatum for cal-
culating the total uptake based on ROIs. The best method
for ROI delineation on the striatum is manual delineation

() (M)

Sagittal

Coronal

Slice 139 ROI - T0001 (Striatum) X

C(L)- x:0y:0 2:0.0
P(L)- x:0y:0 2:0.0

¥ ROI Link

Apply| Cancel|

(d)

The corresponding interface for manual realignment (b) and review
slices of 99mTc- TRODAT-1 SPECT image (c). d The interface
showing the resulting automatic ROI delineation in (a)
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directly on SPECT images and on those based on coregistra-
tion with structural images (e.g., MRI images). In this study,
MRI and SPECT images were coregistered using a manual
method with visual inspection. Eight transverse slices from
the SPECT images resliced with the activity uptake were
selected. The manual ROI delineation on the MRI images
was conducted by an experienced nuclear medicine spe-
cialist. The ROIs from MRI images were transferred to the
coregistered SPECT images for semi-quantification. The
average values of pixels in individual ROIs were calculated
and regarded as the ground truth.

2.2.2 Manual ROI Delineation on SPECT Images

Because most subjects did not undergo MRI imaging, it was
difficult to delineate ROIs based on only a visual inspection
of the SPECT images. In addition, because SPECT images
are affected by the partial volume effect, the ROIs around
caudate and putamen were manually delineated directly on
the SPECT slice with the highest uptake in the striatum by
the same specialist.

2.3 Experimental Design and Test Data Collection

A total of 228 subjects (age: 19 to 90 years) who under-
went a SPECT scan were included in this study. Briefly, the
subjects were divided into two groups: control subjects and
PD subjects. A fan-beam collimator was used for SPECT
imaging. Filter back-projection (FBP) for reconstruction was
used, in which a Butterworth filter was used (order =10,
cut-off =0.46). Chang’s algorithm was used for attenuation
correction (u=0.12 cm™!').The image reconstruction matrix
size was 128 x 128 pixels. Each pixel size and the slice thick-
ness were 3.89 mm.

Automatic
Striatal ROI

SPECT Images Delineation

(proposed method)

Manual
Striatal ROI
Delineation

MR Images

Manual and MRI-
based Registration
Striatal ROI
Delineation

B —

To validate the performance of the proposed software, the
automatic ROI delineation results were compared with those
from manual delineation on SPECT images with and with-
out the corresponding MRI images. 40 of the subjects (20
PD patients and 20 healthy controls) underwent both high-
resolution T1-weighted MRI and **™Tc-TRODAT-1 SPECT
imaging. Figure 5 shows the estimated SURs against the true
values for the 40 subjects.

For further evaluation of Parkinson’s disease, the inten-
sity ratio of striatal to non-striatal regions was calculated
based on the SUR. This ratio is an important indicator for
distinguishing healthy subjects from patients. 166 subjects
were healthy controls, and 62 subjects were in the PD patient
group. The demographics data are summarized in Table 1.
The severity of PD was assessed and determined by a nuclear
medicine physician using the Hoehn and Yahr scale (HYS).
The study protocol was approved by Taipei Veterans General
Hospital (IRB No. 2016-06-007AC) and Chung Shan Medi-
cal University Hospital (IRB No. CS19010).

3 Results

The main goal of this study was to develop a fully auto-
matic ROI delineation method for computer-aided diagnosis
of PD based on ™ Tc-TRODAT-1 brain SPECT images. We
assessed whether the developed semi-quantitative analysis
program is a useful aid for ™ Tc-TRODAT-SPECT studies
in terms of creating more reproducible clinical reports.

3.1 Accuracy of Semi-quantitative Evaluation
of TRODAT-SPECT

The proposed method was applied to 40 SPECT images. For
all evaluations, each striatum was taken as an independent

SUR calculated
(estimated value)

Determination of
Accuracy Performance
for SUR

SUR calculated

(estimated value)

SUR calculated

(true value)

Fig.5 Determination of accuracy performance for SUR. True values for individual caudate and putamen were obtained using manual and MRI-
based registration striatal ROI delineation. Estimated SURs were obtained using proposed method and manual method on SPECT images
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Table 1 Demographics of Healthy control PD
healthy controls and PD patients
Decade Age (years) n HYS Age (years) n
Range Mean +SD Range Mean +SD
20 19-25 22617 72 Stage I 51-84 64.0+£10.7 16
30 26-35 29.6+£2.8 61 Stage 11 45-87 70.2+10.9 34
40 36-40 382+1.5 16 Stage III 47-84 69.8+11.5 12
50 46-54 49.3+2.9 9
60 56-61 58.6+£2.3 8
All 19-61 29.8+9.8 166 All 45-87 68.6+11.1 62

Data are presented as mean + standard deviation [range]

n number of sample cases, HYS Hoehn-Yahr scale, PD Parkinson’s disease

measurement (n=80). The SUR values for individual stria-
tum, caudate, and putamen were obtained using three meth-
ods. Scatter plots and regression lines were used to calcu-
late the SUR for the striatum, caudate, and putamen. The
results are shown in Fig. 6. The semi-quantification of the
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SUR obtained using the proposed method showed a good
correlation (r2 =0.92, correlation coefficient =0.95) with
the results of delineation on the SPECT images based on
coregistration with MRI images. We observed a comparable
relationship in the correlation analysis (r*=0.90, correlation
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region against their corresponding true values. Left and right striatum
of 40 subjects included as separate data points. The regression lines
are shown as dashed lines. Scatterplot diagrams for the correlation

@ Springer

between manual settting for MRI&SPECT and manual setting from
SPECT in a striatum, b caudate and ¢ putamen. Scatterplot diagrams
for the correlation between manual settting for MRI&SPECT and
auto-setting from SPECT in d striatum, e caudate and f putamen



Automatic Striatal ROI Delineation for Semi-quantitative Analysis of ™ Tc-TRODAT-1 Brain 435

coefficient=0.94) between the ground truth and the manu-
ally derived SUR using only one SPECT image. This indi-
cates that our program-derived SUR values are similar to
those from manual ROI delineation.

Figure 7 shows the results from the Bland—Altman analy-
sis of the difference between the automatically evaluated
SUR and the corresponding manual values against the mean
of the values. For the proposed automatic method, the error
was 0.05+0.19 in the striatum. For the manual method,
the corresponding error was 0.19 +0.24. The SUR of the
striatum was evaluated; it was found that the band of the
95% limits of agreement was slightly narrower for the pro-
posed method compared to that for the manual method. This
demonstrates that our program-derived SUR values in the
striatum have the lowest variability. Specifically, SUR values
were slightly overestimated by the manual method.

3.2 Normal Reference Values

In this study, exclusion criteria were not applied on healthy
subjects to obtain normal reference ranges. With a total of
166 *"Tc-TRODAT-1 SPECT images selected from the
166 healthy controls, the SUR for the caudate and putamen
for each individual was estimated using the proposed pro-
gram. Decade-specific reference SUR values covering the
ages of 19-61 years are shown in Fig. 8. As expected, the
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Fig.7 Bland—Altman plots of differences for a automatic ROI delin-
eation and b manual ROI delineation. The mean error and the 95%
limits of agreements are indicated by solid and dashed lines, respec-

striatal SUR values decreased with increasing age. There
was no significant difference (p > 0.05) in the SUR values
between the caudate and putamen. The SUR values in the
caudate and putamen correlated negatively with age (mean
rate decreased with age: 3.8% per decade and 7.5% per
decade, respectively). The results of our analysis confirm
that the decrease in age-related SUR is higher in the puta-
men than in the caudate. The age-related decline of SUR
availability measured in this study was 6.4% per decade for
the striatum, which is consistent with results in previous
studies that obtained the values manually (4 to 8%) [24].
In addition, the %AI values were calculated for all
healthy subjects in order to investigate the usefulness of
9mTc-TRODAT-1 imaging for the evaluation of patients
with early stage PD. Because Parkinsonian syndromes
tend to affect the right and left sides in the striatum with
different severities, the absolute asymmetry was evalu-
ated for the striatum. The %Al did not change with age,
and thus an average reference value defined over all ages
was sufficient. The values were then fitted using a linear
regression line, which showed a slight increase with age.
According to the age effect on SUR and %Al, two equa-
tions might be expected to whether a given subject studied
in clinical practice has likely normal or abnormal values.
The prediction intervals are expected to include 95% of
the general population of healthy subjects to report SUR
in [1.76-0.0064 x age] and %Al in [17.5+0.0376 X age].
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tively. The whole brain without striatum was used as the reference
region in all cases. The higher accuracy of the proposed automatic
method was higher than that of the manual method
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Fig. 8 Striatal specific binding ratios versus age. Normal reference values for a striatum, b caudate, and ¢ putamen. The dashed lines represent

the predictions made based on the 95% confidence interval

3.3 Semi-quantitative Analysis for Early Parkinson’s
Disease

In this study, 124 striatum nuclei from 62 patients were
evaluated. Figure 9 shows that the SUR and %Al values for
9MTc.TRODAT-1 had a significant negative correlation with
the HYS stage in the striatum. For the early PD group, 50
subjects were in the early stage of the disease (HYS stages
I and II). In the SUR and %Al analysis, there was no sig-
nificant difference (p > 0.05) between PD stages I and II.
However, there was a significant difference (p <0.01) in the

*k

kK

SUR
%Al

Stage 0 Stage 1 Stage 2 Stage 3

X Min Outlier X Max Outlier

HYS
(@)

Fig.9 Scatterplot showing SUR values for distribution of disease
severity, expressed as HYS stages. Box plot of the median stri-
atal SUR and interquartile ranges for each subgroup are shown. a
Analysis of variance of SUR and b %Al in striatum and its subre-
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SUR and %AI between healthy controls and patients with
early stage PD. The results indicate that the proposed pro-
gram detected early dopaminergic changes. The SUR study
indicates that our program can accurately detect the loss
of dopaminergic neurons in the striatum. In the %Al study,
no significant difference (p > 0.05) was noticed among PD
stages I, II, and III. In contrast to Fig. 9, the median of the
%Al in the stage III PD group was higher compared with
those in the early stage PD groups. However, it was difficult
to distinguish severity between the groups because of a large
overlap in ranges.

kk

kK

50 q

40 4

20 -

== s |

Stage 0 Stage 2

Stage 1 Stage 3

*Min Outlier xMax Outlier

HYS
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gions for 62 subjects with PD with HYS stages I, II, or III (¥*p <0.05,
**p<0.01, SUR striatal uptake ratio, %AI percentage of asymmetry
index)
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4 Discussion
4.1 Advantages of Proposed Method

Spatial normalization is a crucial step for semi-quantita-
tive analysis software. Software such as DATquan [15],
BasGan [20], and IBZM tool [21] can be used for statis-
tical parametric mapping (SPM). However, they require
a specific drug template for accurate semi-quantitative
analysis [25]. For instance, the spatially normalized
9mTc.TRODAT-1 images obtained from the healthy con-
trols were averaged to be as the normal template. Some
researchers have used their own MRI and SPECT tem-
plates to define the ROI. The largest difference between
our automatic ROI delineation method and other automatic
approaches is that SPM is not used in our approach. How-
ever, the head size of each subject must be measured to
properly place a large size and fixable ROI on the cau-
date and putamen. For this task, striatum structures were
delineated from automated anatomical labeling map [26]
in a selected range of transverse slices. Figure 10 shows
two examples of the automatic ROI delineation results in
transaxial. Our striatal ROI included both the caudate and
putamen with separating them.

Moreover, compared with manual delineation on
SPECT images, the largest advantage of the proposed
automatic ROI delineation approach is that it is less

Fig. 10 Delineated ROIs of

the right and left caudate and
putamen in a selected range of
transverse slices. Two examples
showing a large size and fixable
ROI in a healthy control and

b PD. ROIs (caudate, putamen)
and contours (inner and outer
circles correspond to brain

and head shell, respectively)
overlaid on SPECT images in
healthy control and PD patient

observer-dependent, requires less time, and is more repro-
ducible. The total execution time for the SUR analysis
using the proposed automatic method was around 13 s
on a personal computer (1.8-GHz CPU, 8 GB of RAM,
Windows 10), compared with 20-30 min required for the
manual analysis method.

4.2 Study Limitations

There are some limitations in this study, especially the small
sample size. The age of the control subjects was significantly
young (<65 years). Hence, it is necessary to perform a large
multi-center study with a large sample size to determine a
highly accurate cut-off value of the *™"Tc-TRODAT uptake
ratio for PD diagnosis.

Our results showed a slightly lower sensitivity and speci-
ficity with the use of two parameters: the SUR and %Al We
believe that this is a potential limitation of this study. We
have demonstrated that there was an age-related decline of
SUR measured in the healthy controls. The striatal distinc-
tion is obvious in the majority of patients with early stage
PD when viewing the PmTc-TRODAT-1 images. However,
the age-related decline of the SUR in the healthy controls is
sometimes similar to the reduction of the SUR in patients
with PD, which could reduce the diagnostic accuracy. There-
fore, setting up an age-specific cutoff level is very important
in clinical diagnosis in the early stage of PD.
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Moreover, the program requires reconstructed **™Tc-
TRODAT-1 SPECT images manually aligned with the ante-
rior and posterior commissure (AC—PC) line in DICOM for-
mat. The *™Tc-TRODAT-1 SPECT images of low resolution
are not able to visualize AC and PC. However, the frontal
lobe bottom and cerebellum tuber vermis (FLB-CTV) line is
almost parallel to the AC-PC line. Therefore, axial images
by the FLB-CTV line are able to create on brain SPECT
images, which could be an alternative clue [27].

In our program, the ROIs of striatum were automatically
delineated directly on the SPECT slices. Since TPS was used
for deformable in-plane registration/warping based on only
contour information. There could be a problem if the relative
position of striatum is different from the normal template set.
In case, we suggest that the manual function can be consid-
ered as a valid substitute to change the set of ROISs.

The program is stand-alone software for Microsoft Win-
dows. Despite the limitations, this study found a strong
correlation between the measured and true values, indicat-
ing that the proposed method could be useful for early PD
diagnosis.

5 Conclusions

This study developed a semi-quantitative program that can
perform automatic ROI delineation for semi-quantifying
striatal dopamine transporter activities. Data from healthy
subjects and PD patients were used validate the accuracy
and performance of the proposed program. The program is
fast because neither structural information on the brain for
an individual subject nor specific expertise is required. The
automatic ROI delineation is more reproducible than manual
delineation. The program could be a helpful tool for physi-
cians who are inexperienced with *™Tc-TRODAT-1 SPECT
images. Semi-quantitative automatic analysis results can
assist physicians to clinically diagnose whether a patient’s
neurological movement disorders are affected by dopaminer-
gic neurodegeneration. The proposed automatic striatal ROI
delineation method can be used to enhance SUR analysis in
large-scale ™ Tc-TRODAT-1 SPECT studies.
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