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In nuclear medicine brain imaging, it is important to delineate
regions of interest (ROIs) so that the outcome is both accurate
and reproducible. The purpose of this study was to validate
a new time-saving algorithm (DATquan) for accurate and re-
producible quantification of the striatal dopamine transporter
(DAT) with appropriate radioligands and SPECT and without the
need for structural brain scanning. Methods: In a reconstructed
DAT SPECT image, DATquan automatically calculated the ratio
at steady state of specifically bound radioligand to nondisplace-
able radioligand in tissue (BPND) within striatal ROIs that were
delineated by use of a semiautomatic template-based align-
ment approach. DATquan was tested with 123I-N-(3-iodoprop-
2E-enyl)-2-b-carbomethoxy-3b-(4-methylphenyl) SPECT images
from 15 patients. In each image, ROIs were first manually de-
lineated, and then corresponding BPND values were derived by
an experienced physician. Afterward, 2 independent novice
operators used DATquan to analyze the same 15 images.
The resulting DATquan-derived BPND data were compared
with the data retrieved by manual delineation to assess the
accuracy and reproducibility of DATquan. Also, the operational
aspects of DATquan were assessed on the basis of measure-
ments of the mean running time of the algorithm as well as
on the basis of quantification of the overlap of the DATquan-
delineated ROIs obtained by the 2 operators. Results: The
mean algorithm running time was 3 min, and the operators’
striatal ROIs had a mean overlap of more than 82%. DATquan-
derived BPND values obtained by the 2 operators showed high
agreement (the mean difference was 0.00 [SD, 0.05] in the stria-
tum, 0.02 [SD, 0.26] in the putamen, and 0.03 [SD, 0.43] in the
caudate nucleus). The interoperator variability was 2.2% (SD,
1.3%) in the striatum, 11.7% (SD, 9.9%) in the putamen, and
12.9% (SD, 4.0%) in the caudate nucleus. DATquan-derived
BPND values showed high agreement with the values manually
derived by the experienced delineator. Conclusion: DATquan is
a freely available, accurate, and highly reproducible method
for quantification of DAT binding in the brain by SPECT. Once

implemented in clinics, DATquan will serve as a useful and
time-saving tool.
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The main pathophysiologic feature of Parkinson disease
is degeneration of dopaminergic neurons in the substantia
nigra (1,2). The dopamine transporter (DAT) is a presynap-
tic protein that can be used as a biomarker to assess the
degree of nigrostriatal neurodegeneration (3–8). Specific
striatal uptake of SPECT radioligands for the DAT, such
as 123I-N-(3-iodoprop-2E-enyl)-2-b-carbomethoxy-3b-(4-
methylphenyl) (123I-PE2I), has proven to be a good marker
for presynaptic neuronal DAT density. Hence, DAT imaging
with SPECT can be used in patients with clinical signs of
parkinsonism, particularly those with discrete symptoms
and a less obvious diagnosis (9,10).

With SPECT, DAT binding is usually quantified as the
ratio of specific binding in striatal regions to nonspecific
binding in a reference region devoid of DAT. Without
information about brain structure from, for example, cerebral
MRI, striatal regions of interest (ROIs) are traditionally
manually delineated directly on high-count striatal slices in
the reconstructed SPECT image. As recently demonstrated
(11), however, such manual, non–MRI-guided techniques
are operator dependent and, hence, are often associated with
considerable intraoperator variability. For example, Ziebell
et al. (11) found mean intraoperator variability in BPND esti-
mates from manually delineated striatal, putamen, and cau-
date nucleus ROIs of 7.0% (SD, 4.1%), 9.7% (SD, 5.4%),
and 10.2% (SD, 9.2%), respectively. These data clearly dem-
onstrate that manual ROI delineation is a particularly critical
step in the DAT quantification procedure and that it may, in
fact, lead to suboptimal reproducibility of the quantified
BPND results.
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To overcome the shortcomings of the manual, operator-
dependent techniques, several automatic or semiautomatic
ROI delineation methods for the quantification of DAT
images in a more accurate and reproducible way recently
were proposed (12–16). Most of these methods are depen-
dent on the use of the commercially available Brain Anal-
ysis Software (Hermes Medical Solutions); hence, their
usefulness is limited to SPECT centers working with that
specific platform.
In this study, we propose and evaluate an algorithm

(called DATquan) that offers fast, accurate, and highly
reproducible MRI- and operator-independent quantification
of brain DAT SPECT images. DATquan is freely available (it
can be downloaded from http://nru.dk/downloads/software/)
and is not dependent on any specific commercially available
software platform, such as the commercially available Brain
Analysis Software, other than the widespread MATLAB en-
vironment (The Mathworks, Inc.).

MATERIALS AND METHODS

Test Subjects

To validate the performance of the DATquan algorithm in
a typical clinical setting, we included a mixed sample of
patients who had undergone a diagnostic 123I-PE2I SPECT
scan at the SPECT laboratory of the Neurobiology Re-
search Unit, Rigshospitalet, Copenhagen University Hospi-
tal, Copenhagen, Denmark. We selected 15 patients with
different neurologic diseases from an in-house database
containing all patients who, since 2003, have been referred
for a 123I-PE2I SPECT scan. All BPND values reported in
the database were based on ROIs manually delineated by an
experienced physician, and the selection of the patients was
done so as to include a wide spectrum of these manually
derived BPND values. The selected sample consisted of 10
men and 5 women who were 66.7 y old (SD, 8.9 y; range,
53–84 y) and had a mean striatal BPND value of 2.27 (SD,
1.14; range, 0.59–4.41).

Radioligand Administration

For each subject, a bolus–infusion protocol was used for
the administration of 123I-PE2I; the bolus was equivalent to
2.7 h of infusion (the bolus-to-infusion ratio) (17). The
administration of an average intravenous bolus of 75.2
MBq (range, 68.5–81.8 MBq) of 123I-PE2I was immedi-
ately followed by a constant infusion (mean, 101.3 MBq;
range, 89.5–110.6 MBq) of 123I-PE2I for a total of 3 h.
During the last hour, the subject was scanned by SPECT.

SPECT Acquisition and Image Reconstruction
123I-PE2I SPECT images were obtained with a triple-

head IRIX camera (Philips Medical) fitted with low-energy,
all-purpose, parallel-hole collimators (spatial resolution,
8.5 mm in full width at half maximum at a distance of 10
cm). The mean radius of rotation was 14.8 cm. Each head
covered 120� of the circular orbit. Scans were obtained and
stored at fixed angles (continuous mode) with an angular
interval of 3�. Six SPECT acquisitions, each with a duration

of 10 min, were obtained between 120 and 180 min after
123I-PE2I injection. Reconstruction of the images was per-
formed with a MATLAB-based program in 128 · 128 ma-
trices (2.33-mm pixels and identical slice thicknesses) by
use of standard filtered backprojection with a fourth-order
low-pass Butterworth filter at 0.3 Nyquist (0.64 cm21). The
imaging energy window was positioned at 143–175 keV.
High-energy photons of 123I penetrated through the lead
of the collimator, and Compton scatter in the scintillation
crystal caused erroneous counts in the imaging energy win-
dow. A second energy window, positioned at 184–216 keV,
was used to correct for the down-scattered photons in the
imaging window (18). Before reconstruction, the projection
images of the second energy window were subtracted from
those of the first energy window with a weight of 1.1 (19).

Construction of ROI Template

An ROI template for DATquan was constructed by
averaging mutually normalized reconstructed 123I-PE2I
SPECT images from 10 healthy volunteers (20). The mu-
tual normalization procedure was based on the “reconcile”
routine in the AIR software package (21). The mean age of
the volunteers was 53.3 y (SD, 12.7 y; range, 25–70 y),
and 6 of them were men. The average image consisted of 64
slices with 2.33-mm cubic voxels. A physician with more
than 5 y of DAT SPECT experience manually delineated 7
template ROIs (right and left striatum, putamen, and
caudate nucleus and a cerebellum reference region) with
guidance from the neuroanatomic atlas described by
Kretschmann and Weinrich (22). The direct adaptation of
ROI coordinates from the atlas required a reorientation of
the average template image to the canthomeatally oriented
plane. As shown in Figure 1, the manually defined striatal
ROIs and the reference ROI each covered 9 consecutive
slices in the template. The exact position and configuration
of the 7 ROIs are shown in Figure 2. All volunteers gave
informed written consent, and the study was performed in
accordance with the ethical standards of the Declaration of
Helsinki and was approved by the ethics committees of
Copenhagen and Frederiksberg (H-B-2008-024).

DATquan Algorithm

The algorithm was written in MATLAB R2010a (The
Mathworks, Inc.). It was constructed to run on a Linux
platform, but is not dependent on that. In brief, the
algorithm works by normalizing the patient’s reconstructed
SPECT image to the well-defined template on which ana-
tomically shaped ROIs are available. After these ROIs are
transferred to the patient’s template-normalized image, the
algorithm automatically calculates ROI-specific BPND esti-
mates for the patient. These are eventually compared with
a normal database, and a graphical presentation of the com-
parison is created.

In detail, the DATquan algorithm works in the following
way.

Normalization of Patient’s Image to ROI Template. First,
the patient’s reconstructed image undergoes automatic nor-
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malization to the well-defined ROI template by use of an
optimal 12-parameter affine transformation that is calcu-
lated as the mean of 2 transformations estimated on the
basis of the AIR (21) and FLIRT (23) routines. The applied
AIR routine uses a “least squares with intensity rescaling”
cost function, and the applied FLIRT routine uses a “nor-
malized correlation” cost function, which we found to be
the best combination. Furthermore, whereas the AIR rou-
tine estimates the transformation on the basis of the tem-
plate and patient images subjected to thresholding (the
respective threshold was set at the median value of each
image), the FLIRT routine uses the images as they are.
Delineation of ROIs. After the normalization procedure,

the 7 template ROIs were automatically transferred to the
normalized patient image in the template space (this image
consisted of 64 slices with 2.33-mm cubic voxels). The
slice with the highest mean counts in the 2 (left and right)
striatal ROIs was automatically identified and selected
together with its 4 neighboring slices (2 above and 2
below). The remaining 4 slices with striatal ROIs were not
used further. The transferred reference ROI was automat-
ically reduced to cover only 5 consecutive slices by en-
suring that there were always exactly 2 slices without any
ROIs between the lowest (most caudal) striatal slice and the
highest (most rostral) reference slice, as shown in Figure 3.
Thus, the reference region was positioned as close as pos-
sible over the cerebellum.
Fine-Tuning of ROI Positions. Next, the operator had the

choice of manually fine-tuning the exact position of the
automatically delineated ROIs on the basis of a visual
inspection. The purpose of the manual ROI fine-tuning is to

enable correction for individual variations in striatal anatomy
(such as atrophy or enlarged ventricles) that the automatic
patient-to-template normalization procedure cannot account
for. To minimize the degree of manual intervention, however,
the operator can manually fine-tune only the position of the

FIGURE 1. Horizontal slices of 123I-PE2I template with manually delineated striatum (yellow and cyan), putamen (green and blue),
caudate nucleus (pink and red), and reference (orange) ROIs. (A color version of this figure is available as a supplemental file online
at http://tech.snmjournals.org/.)

FIGURE 2. Two horizontal slices (upper row) and 1 sagittal
slice (lower row) of 123I-PE2I template illustrating exact
positions and configurations of manually defined striatal and
reference ROIs. Vertical line in first horizontal slice (upper row,
left) illustrates location of sagittal slice. (A color version of this
figure is available as a supplemental file online at http://tech.
snmjournals.org/.)
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central striatal ROI (on both sides). The operator can apply
only in-plane translations to the ROI, and the ROI size is fixed.
The positions of the other ROIs in all 5 consecutive slices

were automatically fine-tuned by subjecting them to the
same translations as those manually applied to the central
striatal ROI.
Calculation of BPND. Eventually, mean counts were

automatically extracted from all 7 automatically or semi-
automatically delineated ROIs in the normalized image, and
ROI-specific equilibrium DAT BPND estimates for the given
radioligand were calculated with the following equation:

BPND 5
CT

CND
2 1:

In this equation, CT and CND denote mean counts in the
tissue ROI and the nondisplaceable reference region, re-
spectively, in accordance with the established consensus
nomenclature (24).

DATquan Validation Strategy

As mentioned earlier, each of the 123I-PE2I SPECT
images from the selected patients had been quantified in
advance by an experienced physician using manual ROI
delineation directly on the reconstructed SPECT image.
Two independent test operators quantified the reconstructed
SPECT images from each of the 15 patients using the DATquan
algorithm. Both operators received only one training ses-
sion (lasting 30 min) with DATquan before testing it. On
the basis of the resulting 3 sets of quantifications, the
accuracy, reproducibility, and usability of DATquan were
tested as described here. In all tests, data from all 15
patients were pooled, and right and left ROIs served as
separate datasets.

Accuracy. The accuracy of DATquan was assessed by
comparing the sets of semiautomatic DATquan-derived
BPND estimates from each of the 2 operators with the cor-
responding manually derived values. The latter were treated
as the gold standard. In addition, the accuracy of DATquan
was assessed by comparing the volumes (sizes) of the man-
ually delineated and DATquan-delineated ROIs. Each ROI
volume was calculated simply as the total number of voxels
inside the region times the volume of each 2.33-mm cubic
voxel.

Reproducibility. The reproducibility of DATquan was
assessed by comparing the sets of DATquan-derived BPND
estimates from the 2 operators (referred to as BPND,1 and
BPND,2) with each other and quantifying the interoperator
variability with the following equation:

Interoperator  variability  ð%Þ ¼ jBPND;1 2 BPND;2j�
BPND;11BPND;2

��
2
� 100%:

Usability. The usability of DATquan was tested on the
basis of measurements of the mean running time of the
algorithm (on a standard PC with a 2.67-GHz processor and
1 GB of RAM) as well as on measurements of the degree of
operator intervention needed, as quantified by the percent-
age overlap of the 2 operators’ manually fine-tuned DATquan-
delineated ROIs. For each ROI, the percentage overlap was
calculated as the number of overlapping voxels divided by
the mean number of voxels in the 2 ROI sets.

Statistical Analyses

For all of the validation tests in which 2 sets of derived BPND
estimates were compared, a graphical Bland–Altman anal-
ysis was conducted. For assessing the accuracy of DATquan,
the mean difference derived from the Bland–Altman plot
was used to express the error in DATquan-derived BPND

FIGURE 3. Example of part of patient’s
normalized 123I-PE2I image in template
space with automatic DATquan-delineated
ROIs. Each ROI covers 5 consecutive
slices, and there is a gap of 2 slices
between reference and striatal ROIs. (A
color version of this figure is available as
a supplemental file online at http://tech.
snmjournals.org/.)
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estimates. For assessing DATquan reproducibility, the mean
difference was used to express agreement between the 2
test operators. For the direct comparison of manually de-
rived and DATquan-derived ROI volumes, a paired Stu-
dent t test with a 1-tailed distribution and a significance
level of 0.01 was conducted. All statistical analyses were
performed with GraphPad Prism v5.03 (GraphPad Soft-
ware Inc.). Unless otherwise stated, values were expressed
as mean (SD).

RESULTS

DATquan Accuracy

Figure 4 shows the results from the Bland–Altman analysis
of each of the 2 operators’ sets of semiautomatic DATquan-
derived BPND estimates in each of the 3 regions and the
corresponding manual BPND values. For both operators,
the semiautomatic estimates were found to be slightly
higher than the manual ones in all 3 regions, demonstrating
a weak tendency of DATquan to overestimate BPND values.
For operator 1, the errors were 0.30 (SD, 0.57), 0.56 (SD,
0.78), and 0.29 (SD, 0.82) in the striatum, putamen, and
caudate nucleus, respectively. For operator 2, the corre-
sponding errors were 0.30 (SD, 0.58), 0.58 (SD, 0.74),
and 0.26 (SD, 0.86), respectively. Except for the fact that
for both operators the largest absolute errors were found at
the highest BPND values, there was no clear systematic
variation in the errors.
Also, for both operators, the band of 95% limits of

agreement was found to be slightly narrower for the striatum
than for the putamen and caudate nucleus, demonstrating

that the DATquan-derived BPND estimates in the striatum
had the lowest variability.

Table 1 summarizes the volumes of the manually delin-
eated and DATquan-delineated ROIs. All 4 DATquan-de-
lineated ROIs were found to be larger than the manual ones.
The difference in the ROI volumes was substantial for the
striatum but negligible for the putamen and caudate nucleus
and for the reference ROI. These results were confirmed by
a 1-tailed paired Student t test, which revealed that for both
operators, the difference was statistically significant only in
the striatum. In addition, no statistically significant volume
differences were observed between the 2 sets of DATquan-
delineated ROIs. Also, the variability in the sizes of the
DATquan-delineated ROIs was low and was almost equal
for the 2 operators.

DATquan Reproducibility

Figure 5 shows the results from the Bland–Altman analysis
of the 2 operators’ sets of semiautomatic DATquan-derived
BPND estimates in each of the 3 regions. High agreement
between the 2 operators’ estimates was evident in all 3
regions. Specifically, the differences were 0.00 (SD, 0.05),
0.02 (SD, 0.26), and 0.03 (SD, 0.43) in the striatum, putamen,
and caudate nucleus, respectively. For each ROI separately,
there was no systematic variation in the difference.

As expected, the 95% limits of agreement increased as
a function of decreasing ROI size; that is, lower interop-
erator variability was observed for the striatum than for the
putamen and caudate nucleus. Specifically, the interoper-
ator variability was 2.2% (SD, 1.3%) in the striatum, 11.7%

FIGURE 4. Bland–Altman plots of difference between ROI-specific BPND estimates obtained manually (by experienced physician)
and semiautomatically (with DATquan) against mean of estimates. Top and bottom rows show plots for first and second DATquan
operators, respectively. For each ROI-specific plot, mean error and 95% limits of agreements are indicated by dashed lines.
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(SD, 9.9%) in the putamen, and 12.9% (SD, 4.0%) in the
caudate nucleus.

DATquan Usability

By measuring the running time for the use of the
algorithm by the 2 operators (time was started when
DATquan was initiated and stopped when the output
document had been created), we found that both of the
operators spent, on average, about 3 min quantifying each
of the 15 test studies. For comparison, a manual ROI
delineation alone normally takes between 10 and 15 min,
depending on how abnormal the DAT image is.
Moreover, on the basis of a comparison of the positions

of the 2 sets of semiautomatic DATquan-delineated ROIs
for each of the 15 subjects, we found that despite manual
fine-tuning of the exact positions of the automatically
delineated striatal ROIs, our 2 operators still delineated
striatum, putamen, and caudate nucleus ROIs with, on
average, 92%, 82%, and 85% overlap.
To investigate the observed tendency of DATquan to

overestimate BPND values in more detail, we conducted
a Bland–Altman analysis of the region-specific mean
counts (i.e., the individual components in the BPND equa-
tion) derived from the manually delineated and correspond-
ing DATquan-delineated ROIs. In that analysis, we quantified
the percentage error in CT as well as in CND to assess

whether the overestimation of BPND values was the result
of a relative overestimation of CT or a relative underesti-
mation of CND. Because of the observed high agreement
between the 2 operators, Figure 6 shows only the resulting
Bland–Altman plots for the first operator.

DATquan-derived estimates of CT and CND were found to
be lower than the manual ones in all 4 regions, demonstrat-
ing a general tendency of DATquan to underestimate re-
gion-specific mean counts. Specifically, the percentage
errors for CT were 17.1% (SD, 6.5%), 10.6% (SD,
16.8%), and 17.6% (SD, 12.9%) in the striatum, putamen,
and caudate nucleus, respectively, whereas the percentage
error for CND was 23.9% (SD, 15.5%) in the reference ROI.
It is clear that the error was highest in the reference ROI but
was statistically significant only in the striatum. Further, for
each ROI separately, there was no systematic variation in
the error.

As expected, the band of 95% limits of agreement was
found to be narrower for the striatum than for the putamen
and caudate nucleus, demonstrating lower variability in the
DATquan CT (and, in turn, BPND) estimates in the striatum.

DISCUSSION

Delineation of ROIs in SPECT images is not easy
because the low spatial resolution and the partial-volume
effect make the accurate and reproducible delineation of
ROIs difficult. Manual delineation is both subjective (high
interoperator variability) and time-consuming; hence, faster
and more objective methods are needed. This study is one
of the first to present a noncommercial and freely available
method for accurate and highly reproducible automatic or
semiautomatic ROI delineation in DAT SPECT images.

In our DATquan method we used a template-based
approach which does not require structural brain informa-
tion from, for example, a brain MRI of the patient. Having
a template-based method that is MRI independent is indeed
a strong advantage because many patients at SPECT centers
do not routinely undergo a brain MRI scan as part of their
investigations and, if they do, the MRI scans are often
acquired on different MRI scanners. We also previously
demonstrated that MRI-based ROI delineation is not superior

TABLE 1
Volumes of Manually and DATquan-Delineated ROIs

Mean (SD) mL of:

Area

Manually

delineated ROI

DATquan-delineated

ROI

Operator 1 Operator 2

Striatum 6.50 (1.95)* 9.26 (0.34) 9.32 (0.37)
Putamen 2.82 (0.80) 2.87 (0.22) 2.87 (0.25)
Caudate nucleus 2.07 (0.56) 2.11 (0.17) 2.12 (0.15)
Reference 15.3 (4.13) 16.0 (2.70) 16.0 (2.70)

*Statistically significant (P , 0.01) difference between volume of
manually delineated ROI and volume of each DATquan-delineated

ROI.

FIGURE 5. Bland–Altman plots of difference between ROI-specific BPND estimates obtained by 2 DATquan operators against
mean of estimates. For each ROI-specific plot, mean difference and 95% limits of agreements are indicated by dashed lines.
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to manual delineation (11). On the other hand, as described
by Calvini et al. (25), there are 2 considerable disadvan-
tages of an automatic ROI delineation method based on
a template of healthy individuals. First, such a template is
specific for the SPECT camera (acquisition as well as im-
age reconstruction) and, hence, is not directly applicable for
other centers. Second, the template is often based on a lim-
ited number of healthy individuals and, hence, potentially
does not cover the full range of normality. The need for a
camera-specific template is, however, only relative as long
as the outcome measure is based on BPND. In fact, we do
not think that these proposed disadvantages are really an
issue for the usefulness of our DATquan algorithm. First,
we think that all centers should easily be able to make their
own camera-specific template as it does not require much
effort. Second, the anatomic configuration of a template
constructed by averaging brain images from healthy indi-
viduals changes only minimally when going from 10 to, for
example, 50 individuals; hence, we do not think the exact
number of individuals contributing to the template matters
that much as well. Instead, we think that correct anatomic
positioning of the ROIs in the given template at hand is
much more important.
Generally speaking, the expected precision of an auto-

matic nuclear medicine image alignment procedure will
depend strongly on the exact tracer distribution profile in
the aligned images. Specifically for brain SPECT images,
the alignment precision will be better the more distinct high
tracer uptake is in cortical regions. Automatic alignment of
DAT SPECT images is indeed more difficult than automatic
alignment of SPECT flow images (e.g., HMPAO) because
of the low cortical uptake. Undoubtedly, a certain fraction
of the variability in the BPND estimates comes from inac-
curacy in the automatic alignment of the patient images to
the template.
Our validation results have shown that the DATquan

algorithm produces estimates of BPND values in DAT
SPECT images that are in fairly good agreement with cor-
responding manually derived values. Specifically, a ten-
dency of DATquan to slightly overestimate BPND values
(treating the manually derived values as the gold standard)
was observed; however, this tendency was not statistically sig-
nificant in any of the regions. We found that the DATquan-

derived BPND overestimation was due to a tendency of
DATquan to make a relatively larger underestimation of
the mean counts in the reference region (CND) than of the
mean counts (CT) in the striatum, putamen, and caudate
nucleus. The observed general underestimation of CT and
CND was statistically significant only in the striatum, a result
that fit well with the observation that only for the striatum
were the volumes of the DATquan-delineated ROIs statis-
tically larger than those of the manually delineated ones
(increasing the ROI size decreases the regional mean count-
ing rate). We think that for the putamen and caudate
nucleus and for the reference ROI, the observed underesti-
mations of the mean counts must have been due to differ-
ences in the positioning of the regions or in the exact shapes
of the regions.

In fact, we were not surprised to find that our DATquan-
delineated ROIs were larger than the manually delineated
ones. We expected a manual delineator to have a tendency
to draw the manual ROIs (excluding the reference ROI) too
small by only delineating areas with distinct high activity.
Seeing this, we also expected the manually derived CT

values to be overestimated, and in turn our DATquan-
delineated CT values to be underestimated (relatively speak-
ing), and clearly this expectation was confirmed by our
finding of a general underestimation of CT with DATquan.

We have demonstrated that our 2 DATquan test operators
presented 2 sets of semiautomatically delineated striatum,
putamen, and caudate nucleus ROIs that, on average, were
92%, 82%, and 85% overlapping, respectively. We ob-
served that the variability in the size of the DATquan-
delineated ROIs was low and almost equal for the 2
operators, and we conclude that DATquan indeed offers
a strongly reproducible delineation of the ROIs—a clear
advantage of the method.

DATquan-derived BPND estimates obtained by our 2 test
operators showed high agreement. The difference between
the 2 sets of estimates was 0.00 (SD, 0.05) in the striatum,
0.02 (SD, 0.26) in the putamen, and 0.03 (SD, 0.43) in the
caudate nucleus, leading to an interoperator variability of
2.2% (SD, 1.3%) in the striatum, 11.7% (SD, 9.9%) in the
putamen, and 12.9% (SD, 4.0%) in the caudate nucleus.

It is important to stress that no matter how well an
automatic method performs, it should always be used as

FIGURE 6. Bland–Altman plots of difference between ROI-specific mean counts (CT and CND) derived from manually delineated
and DATquan-delineated (operator 1) regions against mean of mean counts. For each ROI-specific plot, mean error and 95% limits
of agreements are indicated by dashed lines.
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a complementary instrument to a visual inspection of the
clinical image under analysis. No automatic method is able
to integrate all practical knowledge that an experienced
physician may have; therefore, an automatic method should
never stand alone. An accurate and reproducible automatic
method can, nevertheless, be an essential and efficient tool
assisting physicians in diagnostic evaluations of most clinical
images.
We have shown that 2 independent operators with little

training can retrieve highly reproducible BPND estimates in
the striatum, putamen, and caudate nucleus in less than
3 min with DATquan. This is a clear advantage of the
method, as it reduces time spent in the clinic and, at the
same time, eliminates the need for expert personnel specif-
ically trained in the process of manual ROI delineation. For
these reasons, we believe that most SPECT centers per-
forming DAT SPECT scans could, in fact, benefit from
implementing our freely available algorithm.
Our data analysis was based on the DAT radiotracer 123I-

PE2I, which is only implemented in a few European
SPECT centers, where the use of 123I-FP-CIT is much more
prevalent. Although this factor may be seen as a limitation
of our study, there is no reason to believe that the algorithm
would perform differently with other DAT radiotracers as
long as a specific template with ROIs for that tracer is
available.

CONCLUSION

We described a freely available algorithm, DATquan, for
the automatic quantification of DAT binding in brain DAT
SPECT studies. DATquan enables the determination of
highly reproducible BPND estimates in striatum, putamen,
and caudate nucleus. The interoperator variability in the
BPND estimates from the DATquan-delineated ROIs indi-
cates that the semiautomatic BPND estimates in the puta-
men and caudate nucleus are as reproducible as those
obtained with a manual delineation technique, whereas
the reproducibility of the estimates in the striatum is higher
for DATquan. Further, DATquan-derived BPND estimates
agreed well with BPND estimates derived from manually
delineated ROIs. Finally, the mean processing time for an
operator who has received very limited training in the soft-
ware is 3 min per brain scan. We conclude that the DAT-
quan algorithm is a useful add-on tool in the everyday
SPECT clinic because it produces fast and highly reproduc-
ible DAT SPECT quantification results that show good
agreement with results obtained by use of a traditional man-
ual ROI delineation technique.
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