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Quantitative assessment of dopamine transporter imaging can
aid in diagnosing Parkinson disease (PD) and assessing disease
progression in the context of therapeutic trials. Previously, the
software program SBRquant was applied to 123I-ioflupane
SPECT images acquired on healthy controls and subjects with
PD. Earlier work on optimization of the parameters for differentiating between controls and subjects with dopaminergic deficits is extended here for maximizing change measurements
associated with disease progression on longitudinally acquired
scans. Methods: Serial 123I-ioflupane SPECT imaging for 51
subjects with PD (conducted approximately 1 y apart) were
downloaded from the Parkinson Progression Markers Initiative
database. The software program SBRquant calculates the striatal binding ratio (SBR) separately for the left and right caudates
and putamen regions of interest (ROIs). Parameters were varied
to evaluate the number of summed transverse slices and the
positioning of the striatal ROIs for determining the signal-tonoise ratio associated with their annual rate of change in
SBR. The parameters yielding the largest change in the lowest
putamen’s SBR from scan 1 to scan 2 were determined. Results: From scan 1 to scan 2 in the 51 subjects, the largest
annual change was observed when the putamen ROI was
placed 3 pixels away from the caudate and by summing 5 central striatal slices. This resulted in an 11.2% ± 4.3% annual decrease in the lowest putamen SBR for the group. Conclusion:
Quantitative assessment of dopamine transporter imaging for
assessing progression of PD requires specific, optimal parameters different from those for diagnostic accuracy.
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arkinson disease (PD) is the prototypical neurodegenerative disease of the nigrostriatal pathway, which extends
from the substantia nigra in the midbrain to the basal ganglia. Although the clinical diagnosis of PD can be straightforward, atypical presentations and concomitant medical
conditions can confound a clinical diagnosis. Therefore,
dopamine transporter imaging with the widely approved
radiopharmaceutical 123I-ioflupane has gained acceptance
for aiding in the diagnosis of PD (1–3). 123I-ioflupane gained
regulatory approval on the basis of visual reads, as described
in the package insert for DaTscan (GE Healthcare). The associated reader study trials showed that in patients with early
signs or symptoms of a parkinsonian syndrome, the positive
agreement among 3 readers was 77%–79% and the negative
agreement was 96% (4). Therefore, visual reads had a very
high negative predictive value but had more room for improvement in positive predictive value. To aid the clinician
with assessing the quantitative loss of dopaminergic transporter sites in patients, several image processing software
packages have been developed over the years (5–14). Computer-aided analysis can provide critical adjunct information
or a ‘‘second read,’’ which may be particularly useful for
challenging cases (15–17).
Decades of study of this disease have led to clinical trials
with specific therapeutic interventions using indirect and
direct dopaminergic agonists (18). Proper enrollment into
clinical trials requires reliable, accurate diagnosis. Beyond
diagnosis, dopamine transporter imaging has tremendous
research potential for monitoring response to disease-modifying therapies; however, ioflupane is not approved for
following progression of disease or response to therapies.
Imaging markers of presynaptic dopaminergic function
may offer an objective biomarker of the level of neuronal
degeneration. In studies of PD patients, manual analyses of
scans of presynaptic dopamine radioligands revealed decreases in radiotracer uptake in the range of 4%–11% per
year by serial imaging over 1–4 y (19). These relatively
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small annual changes in combination with high intersubject
variability from both biologic and technical sources mandate the need for automated quantification for reproducible
analyses.
The Parkinson Progressive Marker Initiative (PPMI) is a
large, international, multicenter clinical study to identify a
variety of biomarkers for progression of de novo PD.
Dopamine transporter imaging with 123I-ioflupane is an important biomarker under study in this trial. A software program must handle scans from a variety of clinical sites, and
therefore, the database of PPMI is an excellent dataset to
test the robustness of software analysis. Optimized software
quantitation using this extensive database can serve as a
valuable tool for evaluating disease progression, which
would otherwise be a challenging task for visual reads.
MATERIALS AND METHODS
Subject Population
Previously, a cohort of 336 subjects (215 PD patients and 121
healthy controls) scanned with 123I-ioflupane was downloaded
from the PPMI database (http://www.ppmi-info.org/). The PPMI
SPECT data were reconstructed from the site-specific projection
data using the site-specific attenuation corrections. Each brain
volume was spatially normalized to a standard geometry. Results
and parameters for optimal sensitivity and specificity for diagnosis
of PD were reported (20). Of this cohort, 51 PD subjects had 1-y
longitudinal follow-up scans, which were used for this study.
SBRquant Automated Image Processing Steps
The fully automated SBRquant software package builds on the
algorithms described in previous developments (13,21–25). The
analysis scripts were developed using MATLAB, version 2012a
(MathWorks), resulting in a fully automated Microsoft Windows
7–executable program that carries out the image processing steps.
In the first step, locating the central slice, the central plane
through the subject’s striatum is found by locating the maximum
value in the ‘‘top-to-bottom’’ profile in the summed sagittal view
of the reconstructed images.
The second step is summing the central striatal slices. To maintain symmetry above and below the central slice for analysis, a
parameter N describes the number of slices that are summed to
place the 2-dimensional regions of interest (ROIs). The same number of slices is added above and below the central slice through the
striatum; hence, the total slices summed for quantitative analysis is
always an odd number N as shown in Figure 1.

In the third step, locating the individual striata, the intensity
centroids of the left and right caudates are located within the 2dimensional transverse summed slice by looking for maxima in
the subject’s left-to-right profiles.
In the fourth step, placing the ROI, a crescent-shaped ROI is
placed on the occipital area of the brain. A caudate ROI (green
circle) is moved within the vicinity of each located striatum until
SBRquant locates a maximum count value (representing the initial
location of each caudate); the smaller caudate ROI (white circle) is
placed in its center and is used for the caudate count density
measurement.
In the fifth step, locating the left and right putamina, the distance
from the caudate white ROI to the putamen white ROI is selected
using the parameter d in units of pixels (Fig. 2) and allows placement of the ROI over the putamen to be varied individually for all
subjects in the group being analyzed. Fixing the distance to the
caudate, the putamen ROI is moved to different angular positions
around the caudate until a maximum value is found for extracting
the putamen count density.
In the final step, calculating the specific striatal binding ratio (SBR),
the SBR in each scan is calculated as the background-subtracted
ratio of the caudate or putamen count density to the occipital ROI
count density (whereby the occipital ROI is used to calculate the
background). A final report is generated with all quantitative values
written into the image containing the ROI placements (Fig. 2).
Optimizing the Parameters for Annual Change
For the 51 PD subjects who had a second scan approximately
1 y later, a rate of change per year in the lowest putamen SBR was
evaluated by varying the number of summed transverse slice (N)
and the separation between the caudate and putamen ROIs (d)
(Figs. 1 and 2). The parameters yielding the largest change per
year of SBR from scan 1 to scan 2 were determined.
RESULTS

The resulting annual change for the 51 subjects in this
study is shown as a function of N and d (Fig. 3). Because
fractional change is plotted as negative values (decreases
with time), the strongest changes are seen lowest in the
graph. The annual changes are graphed for 4 parameters
(lowest putamen, average of putamina, average of caudates,
and average of all caudates and putamina). Of these parameters, the change in the lowest putamen SBR yields the
largest average annual change, with a fractional change of
0.112 (11.2%). This most significant change occurred with
the parameters N 5 11 and d 5 3.
DISCUSSION

FIGURE 1. Summed sagittal slices of brain volume showing
selection of transverse slices (between red lines); total slices
added for analysis is N.

The previously published analysis of 336 subjects (215
PD patients, 121 healthy controls) yielded a sensitivity and
specificity of 95.8% and 98.3% for the diagnosis of PD
(20). The systematic evaluation for the optimal parameters
for that given dataset resulted in selecting parameters N 5 9
and d 5 8 (where N is the number of summed slices and
d is the number of pixels from the caudate ROI to the
putamen ROI). When analyzing 51 subjects with serial
scans, a largest 11.2% 6 4.3% annual change was calculated using the same method as for finding optimized analysis parameters, but with the parameters N 5 11 and d 5 3.
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FIGURE 2. Summed transverse slices of brain volume showing
ROI placements (white circles) for calculating SBRs. Distance
between caudate and putamen ROIs is d, measured in pixels.
Black line is automated location of center line between left and
right striata. Green circle is SBRquant initial location of left and
right caudates and is used to place ROIs onto center of caudate;
putamen ROI is placed relative to caudate ROI. Reference ROI is
red crescent in occipital region.

The optimal threshold of the SBR of the lowest putamen
for discriminating between PD patients and healthy controls
in the optimization study of 336 subjects was 1.037. The
sensitivity and specificity of the quantitative discrimination
method described here is determined primarily by selection
of summed slices and positioning of ROIs that yield a
quantitative number.
An advantage of analyzing the SPECT scans using the
methods described here is that the accuracy and reproducibility of the quantitative measures do not rely on the
registration of the individual subject’s scan to the normalizing template. The normalization of each individual scan
to a standard geometry template is used primarily to align
all the scans into a consistent orientation, resulting in a
uniform size and number of slices for each scan. The placement of the caudate and putamen ROI is independent of the
registration accuracy to the template. The placement of the
ROIs relies primarily on algorithms that locate the structures in the brain and place the ROIs according to predetermined local characteristics of the target structures. In
PD, the decrease in radiotracer uptake in the striatum per
annum is small and therefore difficult to follow visually.
Objective quantitation of striatal binding is therefore crucial
for detecting changes in sequential imaging for response to
therapies. To our knowledge, this study is the first to demonstrate that different algorithmic parameters are necessary
for optimal analysis of the initial scan for diagnosis versus
serial imaging for progression of disease. With severity and
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progression of disease, the activity in the putamen decreases,
and visually, the putamen becomes shorter, with greater loss
of activity from posterior to anterior with time. Since the
putamen shortens with disease progression, using an ROI
placement optimal for discriminating healthy controls from
PD patients would result in a smaller and less reproducible
percentage change. To detect a larger, more reproducible
percentage change, the ROI needs to be moved closer to
the caudate, where disease progression has a larger effect
on the radiotracer uptake. Hence, we note that the parameters
yielding the best discrimination between PD subjects and
healthy controls are different from the parameters yielding
the largest annual change calculated from 2 scans obtained
approximately 1 y apart. This seems reasonable since differentiating between PD patients and healthy controls would
rely on quantitating the uptake in the more posterior aspect
of the putamen (putamen ROI position at d 5 8), whereas
changes in disease progression would be more strongly noted
anteriorly, closer to the caudate (putamen ROI position at
d 5 3). It is further interesting to note that for differentiating
between PD patients and healthy controls, fewer slices need
to be summed (N 5 9; i.e., 9 slices summed for analysis) to
optimize the area-under-the-curve measurement than would
be required to calculate the largest change between annual
scans (N 5 11; i.e., 11 slices summed for analysis); this may

FIGURE 3. Average annual change between repeat scans for
51 subjects is plotted on y-axis as function of 2 parameters:
distance in pixels between caudate and putamen ROIs, d, on
upper x-axis and number of central striatal summed transverse
slices, N, on lower x-axis. Average annual changes are graphed
for 4 parameters: lowest putamen (Lowest P), average of both
caudates and putamina (Avg C & P), average of caudates (Avg
C), and average of putamina (Avg P). Largest average annual
change (red circle) is obtained with lowest putamen parameter
when summing 11 transverse slices (N 5 11) and placing
putamen ROI 3 pixels from caudate ROI (d 5 3). Largest
average annual change for group was fractional change of
0.112 (11.2%).
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be due to the convoluted geometry of the putamen, so that
more summed slices would ensure that the structure is fully
sampled by the 2-dimensional ROI.
These factors lead us to an additional consideration.
There is indeed no singular best method for calculating
SBR, in that the ROI placements on the caudate and
especially the putamen strongly influence the calculated
SBR. One could argue that either averaging the uptake over
the complete anatomic structure of the putamen or selecting
the highest remaining uptake in either the anterior or the
posterior region of the putamen could be the best measure
for quantitating the 123I-ioflupane SPECT scan. Each of
these 3 samples of the putamen will return quite different
measures of uptake. Selecting 1 of these 3 possible quantitation measures depends directly on which aspect of the
disease we intend to evaluate. Additionally, the background
reference region (usually placed on the occipital lobe) represents low (relatively noisy) uptake values, is used as the
divisor in calculating the SBR, and strongly influences the
resulting SBR values. This leads us to the usual trade-off
between accuracy and precision whereby consistent, reproducible (automated) analyses may have an advantage over
manual methods, since differences between analysis sites
and even analysts can introduce variability into the quantitative results.
Since no operator intervention is required, the reproducibility
of reanalyzed data exhibits no operator variability when using
SBRquant. The fully automated nature of the program (and the
processing time of approximately 40 s per scan) would ease
implementation of the analysis into the daily clinical workflow
of the technologist or physician. This software is derived from
and tested on the PPMI database, which has scans from
numerous sites and countries; therefore, the program has the
robustness to accommodate different imaging techniques from
a spectrum of imaging centers and g-cameras.
A potential limitation of the study is the cohort size (n 5
51). These 51 patients do not necessarily represent an accurate sampling of the range of patients with PD. Given a
larger group of subjects, variations in the annual loss of
radiotracer binding could be determined with better accuracy and precision. Future work should include further optimizing these parameters in larger cohorts when available.
These parameters may also be assessed for different clinical
settings and different racial or ethnic groups.
These developments enhance the clinical power of imaging
studies in that they reduce the variability of quantitative results
obtained between image-processing technologists and imageanalysis sites. This further helps to reduce the number of
subjects who need to be studied for investigating new
diagnostic and therapeutic agents, as well as to deliver
more consistent and reproducible clinical evaluations.
CONCLUSION

SBRquant, a fully automated software for quantitative
analysis of 123I-ioflupane SPECT scans, was previously
optimized for diagnosis of PD and, in this study, has been

optimized for measuring progression in PD. The optimal
parameters (number of summed transverse slices and distance between putamen and caudate ROI) have now been
determined independently for discriminating PD patients
from healthy controls, as well as for evaluating percentage
change per annum between serial scans.
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