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Abstract: 18F-FDOPA PET is one of the most widely used molecular imaging techniques to assess presynaptic do-
paminergic activity. A variety of analytical methods have been developed to quantify 18F-FDOPA PET images and in 
most, the striatal-to-occipital ratio (SOR) is used as a quantitative parameter. A manual strategy is typically used 
for quantification purposes, which can have some caveats, being time-consuming and having some inter-rater vari-
ability. In the present study we aimed to test whether automated quantification methods can provide an efficient al-
ternative to manual quantification to overcome its limitations and compare each method’s capacity to discriminate 
between normal and abnormal subjects. 18F-FDOPA PET images of 60 subjects were analyzed and quantified with 
one manual and two automated methods. SUVRs were obtained for caudate and putamen nucleus in both cases. 
We were able to reach the same level of discrimination with manual and automated strategies, and a threshold for 
normal/abnormal discrimination could be obtained. We believe automated strategies for VOI quantification can help 
molecular imaging physicians in the process of interpretation of studies, making the process faster, yet reliable and 
objective.
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Introduction

Parkinson’s disease (PD) is the second most 
common neurodegenerative disease. Its clini-
cal symptoms include several motor and non-
motor symptoms, including tremor, rigidity and 
bradykinesia. PD is nowadays understood as a 
multi-system disorder, but its most important 
neurotransmitter alteration is the dopamine 
(DA) loss in the striatum. 

There are several ways to assess dopaminergic 
activity in-vivo through molecular imaging. The 
measurement of dopaminergic activity can give 
us an indirect insight of the dopaminergic struc-
tures integrity. 

18F-FDOPA PET is one of the most widely used 
molecular imaging methods to assess presyn-
aptic dopaminergic activity, measuring the 
activity of the L-aromatic amino acid decarbox-
ylase (AADC), which is one of the most impor-
tant enzymes in DA synthesis, responsible of 

turning levodopa into DA. A manual strategy is 
typically used for quantification purposes. 

18F-FDOPA uptake has been proved to have a 
good correlation with dopaminergic cell count 
and is relatively preserved in early disease, 
probably aided by a compensatory upregulation 
of AADC in early stages [1].

A variety of analytical methods have been 
developed to quantify 18F-FDOPA PET images 
[2-4], and in most, the striatal-to-occipital ratio 
(SOR) is used as a quantitative parameter. This 
has provided useful and enough information 
with target-to-background calculations, as it is 
done with a tissue reference approach.  

A manual strategy is typically used for quantifi-
cation purposes. The SOR is generally calculat-
ed using volumes of interest (VOIs) manually 
drawn in the striatum and the occipital area; 
either over the PET image guiding the localiza-
tion of the VOIs by the activity; or the coregis-
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tered image of magnetic resonance (MRI) for 
better anatomical precision. Although this is a 
widely used technique, manual VOI positioning 
can be time-consuming and can have inter-rat-
er variability, being such an operator-depen-
dent procedure.

In the present study we aimed to test whether 
automated quantification methods can provide 
an efficient alternative to manual quantification 
to overcome its limitations. 

We tested two methods in which normalized 
images were generated and previously defined 
ROIs (either manually over a template or atlas-
derived, in each case) were automatically app- 
lied over the PET image for quantification. 

We then aimed to compare each method’s 
capacity to discriminate normal or abnormal 
images, as determined by qualitative analysis 
by molecular imaging specialists.

Materials and methods

Imaging studies of 60 subjects with a clinical 
diagnosis of parkinsonism, to whom a 18F-FD- 
OPA PET was ordered for clinical purposes by a 
movement disorders specialist, were tested. 
The study was approved by the research ethics 
committee of our institution. The sample con-
sisted of 20 women and 40 men; mean [SD] 
age at the moment of the scan, 59.7 [12.8] 
years; range 35.7-82.3 years. 

23 had a suspected diagnosis of Parkinson’s 
disease, 9 were studied for tremor, the rest had 
other parkinsonisms suspected including atypi-
cal parkinsonisms, pharmacologic parkinson-
ism, and psychogenic disorders. 

Antiparkinsonian medications (if taken) were 
stopped overnight, and subjects were given 
200 mg of carbidopa 1 hour before the 18F-FD- 
OPA administration. PET acquisition was per-
formed (Ge690 PET scanner) 50 min after 
injection of 370 MBq of 18F-FDOPA. PET images 
were reconstructed using the OSEM algorithm 
(2 iterations, 24 subsets).

MRI was available for 12 subjects using a T1-3D 
sequence on a GE Discovery MR750.

A qualitative analysis of the images was per-
formed by two specialists. Images were quali-

fied as having either normal uptake (NU) or 
decreased uptake (DU). 

The image was considered to have a DU when it 
had either a global decrease, a bilateral yet 
asymmetric decrease, or a unilateral asymmet-
ric decrease in the uptake.

As a first approach, a strategy of manual quan-
tification was implemented. After that, two al- 
ternative strategies (semi-automated and auto-
mated) were proposed, based on the spatial 
normalization of brain images to a standard-
ized space (details of each method are des- 
cribed below). 

Quantification VOIs were defined over the PET 
image according to different strategies, one on 
manually pre-defined regions in a template of 
18F-FDOPA, and another one based on atlas. 
Finally, the validity of the methods was tested 
against the manual strategy and their ability in 
the discrimination of groups based on their 
agreement with the qualitative visual analysis.

Manual strategy (MS)

Keeping in mind that 18F-FDOPA PET has a good 
signal-to-noise ratio, it is possible to determine 
the VOIs directly over the PET image, without 
the anatomic reference of the patient’s MRI, as 
it has been shown for RAC PET scans [5].

VOIs were previously defined in an 18F-FDOPA 
template [6]. The total volume of the human 
adult striatum is 20 cm3 approximately [7], but 
not all of it is sampled for the analysis. According 
to Mai and colleagues, an estimate of the area 
at the midpoint of the striatum is approximately 
180 mm2, or 360 mm2 bilaterally [8]. For our 
study, a combination of circles and ellipses was 
used to delineate caudate and putamen over 
transaxial images [9]. The area of all VOIs bilat-
erally in each slice was of 363 mm2, and was 
applied in 6 consecutive slices over the tem-
plate (each slice of 3.27 mm) accounting for a 
total thickness of 19.62 mm in which the cau-
date and putamen were best visualized. For the 
occipital reference region the VOIs were applied 
in only 4 slices (Figure 1).

Subsequently, the previously delineated VOIs 
were placed manually over the PET images by 
an experienced physician, choosing the slices 
with the highest activity [7] to define the cau-
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date and putamen; and divide the latter in its 
anterior, medium and posterior parts (Figure 
1).

Semi-automated and automated strategies

18F-FDOPA images of each subject were trans-
formed into a standardized space using the 
SPM software (Wellcome Trust Centre for Ne- 
uroimaging). A 18F-FDOPA template [6] was 
used as reference. Spatial processing included 
the designation of a common image origin, co- 
registration and standardization to the tem- 
plate. 

In the semi-automated strategy the VOIs previ-
ously defined on the FDOPA template (as 
described for the manual strategy) were applied 
automatically over the normalized images, and 
mean VOI intensities were calculated for quan-
tification (since the VOIs derived from the previ-
ous method, we have designated this one 
Semi-Automated Strategy-SAS). 

In the automated strategy (AS), the same nor-
malized images were used, but the VOIs applied 
corresponded to caudate and putamen desig-
nation from the Desikan-Killiany-Tourville atlas 
(DKT) [10]. DKT VOIs were adjusted with a spa-
tial restriction on the number of slices, using 
the same number and position on the coronal 
plane as for 18F-FDOPA template VOI designa- 
tion.

While the AS used DKT-derived VOIs in order to 
make a better anatomical definition of the 
basal ganglia, it did not use each subjects’ MRI. 
Instead, VOIs were placed automatically over 
the normalized PET image. 

In order to prove that this was comparable with 
defining the VOIs over each subject’s MRI, 12 
subjects which had an MRI available underwent 
another quantification method also using the 
DKT-derived VOIs, this time defined in each 
subject’s MRI space (FreeSurfer process, 
FS_MRI). 

Methodologies comparison

Agreement between different methodologies 
was evaluated through Bland-Altman plots. 
These graphs were generated for the compari-
son of both, SAS (Figure 2) and AS (Figure 3), 
with respect to the manual strategy, which was 
considered as the reference quantitative me- 
thod. 

Quantitative data for each comparison (mean 
values of the differences, standard deviation 
and limits of agreement for 95% of the sample) 
is summarized in Table 1. The same variables 
were calculated for the NU and DU groups, also 
subdivided into caudate and putamen. The 
overall results were also expressed as caudate 
and putamen SUVR without group distinction 
(NU vs. DU). 

Group classification performance

Boxplot graphics (Figure 4) were generated to 
evaluate overall distribution on the quantitative 
striatum value and analyze mean differences 
between NU and DU groups for each meth- 
odology.

Performance in NU and DU group classification 
was evaluated with a ROC (Receiver Operating 
Characteristic) curve analysis using whole stria-
tum quantification for each methodology 
(Figure 5). Assuming the qualitative clinical 
designation as a criterion for the correct group 
classification, it was possible to evaluate the 
performance of each methodology, based on 
the AUC (Area Under Curve) indicator, in terms 
of the level of sensitivity and specificity for vari-
able threshold settings. Said analysis addition-
ally indicated the optimum threshold in the 
quantitative value, based on obtaining the best 

Figure 1. Representative image of 18F-FDOPA PET im-
age with manually placed striatal ROIs for quantifica-
tion. 
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sensitivity and specificity simultaneously in 
subject discrimination. 

+ Putamen) by the three methods, discriminat-
ing subjects with normal and decreased uptake 

Figure 2. Bland Altman plot Manual vs. Semiautomatic strategies. 18F-FDOPA 
SUVr for bilateral caudate and putamen. Blue line: mean difference. Black 
lines: superior and inferior limits of agreements for 95% of the data. 

Figure 3. Bland Altman plot Manual vs. Automatic strategies. 18F-FDOPA SUVr 
for bilateral caudate and putamen. Blue line: mean difference. Black lines: 
superior and inferior limits of agreements for 95% of the data. 

Results

Qualitative evaluations 

As a first step we have delin-
eated a Bland Altman plot 
with the SUVR values for 
Caudate and Putamen of each 
side for all subjects, as deter-
mined by the MS and SAS 
(Figure 2). We could observe 
an acceptable dispersion of 
the SUVR values that re- 
mained stable along the mean 
value axis. The mean differ-
ence indicates a slightly trend 
on MS to result in higher val-
ues than SAS (0.050). As veri-
fied in Table 1, this trend could 
be attributed to caudate struc-
ture (0.083), principally in the 
DU group (0.109). 

The same plot was performed 
for the MS vs. AS comparison 
(Figure 3) and showed a simi-
lar pattern of dispersion but 
with significantly higher differ-
ences (0.481). Again, differ-
ences are principally due to 
caudate quantification (Table 
1, 0.793), showing higher val-
ues with the MS, but in this 
case in both the NU and DU 
groups. 

In this comparison, higher val-
ues for the putamen could 
also be observed (0.168), ob- 
taining higher values with the 
MS, specifically for the NU 
group (0.507).  

Taking the striatum as a wh- 
ole, subjects with NU showed 
higher SUVR values with the 
MS than with the AS (0.703). 

To further evaluate the reliabil-
ity of the automated methods 
in 18F-FDOPA quantification we 
compared the uptake in the 
striatum as a whole (Caudate 
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and were able to see how values compare in all 
of them. Using boxplots, the MS and the SAS 
showed very similar results. The AS showed a 
reduced dispersion of the data in the NU group 
(Figure 4). 

ROC curves using the SUVR values for the 
whole striatum were used to evaluate the abili-
ty of each method to distinguish between sub-

jects with normal and decreased uptake. 
Resulted curves shown they all succeeded to 
do so (Figure 5). The AUC was of 0.965 for the 
MS, 0.976 for the SAS, and 0.985 for the AS. 

A threshold for subject discrimination (NU vs. 
DU) was obtained for each methodology, throw-
ing similar values for MS and SAS (3.08 and 
3.05), and a lower one for AS (2.57).

Table 1. Statistical resume for Bland Altman plots
MANUAL VS. SEMIAUTOMATIC MANUAL VS. AUTOMATIC

Mean STD Sup_95 Inf_95 Mean STD Sup_95 Inf_95
DU
    CAUDATE + PUTAMEN 0.054 0.147 0.342 -0.234 0.369 0.495 1.339 -0.601
    CAUDATE 0.109 0.131 0.364 -0.147 0.739 0.335 1.396 0.083
    PUTAMEN -0.001 0.143 0.278 -0.281   -0.001 0.321 0.628 -0.630
NU
    CAUDATE + PUTAMEN 0.043 0.144 0.325 -0.238 0.703 0.414 1.514 -0.108
    CAUDATE 0.031 0.099 0.225 -0.162 0.899 0.366 1.616 0.183
    PUTAMEN 0.055 0.178 0.404 -0.294   0.507 0.366 1.225 -0.211
NU + DU
    CAUDATE + PUTAMEN 0.050 0.146 0.336 -0.235 0.481 0.494 1.449 -0.488
    CAUDATE 0.083 0.126 0.330 -0.164 0.793 0.352 1.483 0.103
    PUTAMEN 0.018 0.157 0.325 -0.290   0.168 0.413 0.977 -0.641
DU: Decreased Uptake; NU: Normal Uptake; Mean: mean of the differences; STD: Standard deviation of the differences; 
Sup_95 and Inf_95: superior and inferior limits of agreements where 95% of the differences will lie.

Figure 4. 18F-FDOPA Striatum SUVr value boxplot distribution for each method. NU: Normal Uptake. DU: Decrease 
Uptake.
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In the 12 subjects in whom an MRI was avail-
able (FS_MRI), VOI definition over the anatomi-
cal image was tested against VOI definition in 
the AS. An acceptable dispersion of the SUVR 
values was observed (Figure 6), succeeding to 

the caudate uptake for the former. The greatest 
difference observed with the SA method can be 
then attributed to the use of VOIs that differ 
from those used in MS and SAS, since their ori-
gin is based on anatomical delimitations estab-

Figure 5. ROC curves (Manual, Semiautomatic, Automatic) of 18F-FDOPA 
Striatum SUVr values for group discriminant between normal and decrease 
uptake. AUC: Area under the curve, TSH: Optimal threshold for discrimina-
tion. True/False positive rates for optimal threshold (green: Automatic; red: 
Manual and Semiautomatic). 

Figure 6. Bland Altman plot FS_MRI vs. Automatic strategy. 18F-FDOPA SUVr 
for bilateral caudate and putamen. Blue line: mean difference. Black lines: 
superior and inferior limits of agreements for 95% of the data. 

prove the accuracy of VOI defi-
nition without MRI guidance. 
Quantification values are com-
pared in Table 2. 

Discussion

In the present study we suc-
cessfully tested two automat-
ed methods for 18F-FDOPA PET 
quantification in patients with 
suspected parkinsonism. 

While the first automated 
strategy (SAS) still uses the 
previously manually drawn VOI 
over the template and auto-
matically placed on normal-
ized images (to overcame the 
bias introduced by manual 
selection of areas with higher 
activity); the second one still 
uses the image in the normal-
ized space, but using a ver-
sion of a VOI defined in the 
same space over an MRI T1 
template to make it more ana-
tomically accurate.

Regarding the degree of con-
cordance of the methodolo-
gies studied, we could observe 
that similar quantitative resu- 
lts are obtained with the man-
ual and semi-automated strat-
egies, indicating that the spa-
tial normalization process in- 
volved in SAS but not in MS, 
has only a slight incidence in 
the quantified values. Slightly 
higher values were found with 
the MS, more specifically in 
the caudate VOI, and we 
hypothesize that this could be 
due to the fact that manually 
placing the VOI over the PET 
image probably better ‘choos-
es’ the sites of higher uptake.

Comparing the MS with the AS 
also showed higher values for 
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lished on MRI images. In this case, VOIs cover 
larger regions than the VOIs defined on the 
F-DOPA template, which focus on the region 
with higher uptake. This is reflected in the 
increased limits of agreement when comparing 
MS vs. AS in the Bland Altman chart (Figure 3).

In all the previously mentioned comparisons, 
the results described expected differences in 
the absolute values quantified, and how differ-
ent methods resemble or differ in their fin- 
dings. 

The capacity of each method in the identifica-
tion of pathological subjects was also evaluat-
ed in this study. In this respect, a good segrega-
tion between subjects with normal and de- 
creased uptake could be obtained when quan-
tifying caudate and putamen separately (this 
can be observed along the mean value axis for 
both of the proposed methodologies in Figures 
2 and 3). This was also verified for whole stria-
tum quantification (Figure 4).

ROC curves support these results and show 
that we were able to find a good agreement of 
each method with the qualitative designation 
made by two trained and experienced physi-
cians. These results are comparable to previ-
ous studies in which the MRI of each subject 
was used for VOI delineation [11].

We were also able to determine a threshold 
between normal and abnormal studies.

AQK, Ciudad Autónoma de Buenos Aires, Argentina. 
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