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A particularly sensitive step in the quantification of SPECT im-
ages of the dopamine transporter (DAT) is a correct delineation
of the region of interest (ROI). In this study, we primarily com-
pared the reproducibility of the following different approaches
for ROI delineation in SPECT images of the DAT: the use of man-
ual delineation (MD) on high-count striatal slides directly on the
SPECT image, ROI delineation based on individual MR images
(MRD), and oversized striatal ROIs—that is, the striatal volume
of interest (SVI), as described previously. We also assessed the
ability of the different approaches to identify striatal pathology
in patients with parkinsonism. Methods: Eight patients with
highly variable reductions in cerebral DAT availability were
SPECT-scanned twice with 123I-labeled N-(3-iodoprop-(2E)-
enyl)-2b-carboxymethoxy-3b-(49-methylphenyl) nortropane bolus
infusion setup and once with an MRI scanner. For SPECT/MRI
coregistration, we used external fiducial markers visible on both
MRI and SPECT. With the MD and MRD methods, the outcome
parameters for DAT availability were the binding potentials and
the ratio at equilibrium of specifically bound radioligand to nondis-
placeable radioligand in tissue (BPND). For the SVI method, the out-
come parameter was the specific binding ratio (SBR). Results: No
statistically significant difference in striatal BPND intraobserver re-
producibility was seen among any of the 3 methods. The intraob-
server reproducibility average 6 SD for MD was 7.0% 6 4.1%; for
MRD, 5.7% 6 5.4%; and for SVI, 6.7% 6 6.0%. Mean intrasubject
variability, as determined from the test–retest scans, did not differ
with the 3 delineation methods used. The average (6SD) intrasub-
ject variability of striatal BPND was 11.9% 6 10.0% with MD and
14.6% 6 15.3% with MRD. With the SVI method, the intrasubject
variability of striatal specific binding ratio was 10.0% 6 10.2%.
BPND values obtained with the MD and MRD methods were similar
(paired t test, P . 0.4). Conclusion: In patients with reduced striatal
DAT binding, the reproducibility of the outcome from ROI MD is
comparable to both that obtained by delineation of ROI on indi-

vidual MR images, followed by coregistration to the SPECT im-
age, and that obtained with the SVI-based approach.
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Imaging of cerebral dopamine transporter (DAT) binding
is increasingly used as a surrogate marker for the integrity
of dopaminergic nerve cells (1–9). Brain imaging of DAT
with SPECT constitutes an important adjunct to neurolo-
gists’ clinical evaluations of patients with movement
disorders, particularly in the early stages of the disease
(10). For routine clinical purposes, visual inspection and
qualitative assessment of the images by an experienced
reader may suffice. For research purposes, however, and
particularly for longitudinal studies that are designed to
evaluate treatment efficacies (11), quantitative estimates of
DAT availability are required (12,13).

A particularly important step in DAT quantification is
a correct delineation of the region of interest (ROI) in the
SPECT image. Overall, there are 3 principally different
ways of delineating ROIs on the SPECT image: manual
delineation (MD) directly on the SPECT image, template-
guided delineation, and delineation based on coregistration
with another brain image that provides structural informa-
tion, such as MRI. In theory, there is only a limited
difference between the MD and the adjustable template–
based delineation. Compared with MD, the largest advantage
of template-based delineation is that it is less time-
consuming and is operator-independent (14). An alternative
to an anatomically correct ROI was described by Tossici-
Bolt et al. in 2006—the so-called striatal volume-of-interest
(SVI) method (15). This method requires no structural
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information on the individual patient’s brain but involves
a template of oversized ROIs involving all striatal slices.
The calculated volume of interest (VOI), the total counts
within this volume, the count concentration in a reference
region, and a population-based estimate of the average
striatal volume are then used to calculate a striatal binding
ratio (SBR) equivalent to the ratio of the specific-to-non-
displaceable uptake.

Various studies have attempted to assess different de-
lineation methods by comparing them to a qualitative visual
assessment (14). In the absence of a gold standard,
however, the most viable way to evaluate the different
ROI delineation methods against each other is to perform
reproducibility studies. The reproducibility of a method is
important not only to the identification of the most suitable
method for quantification but also to the appropriate design
of studies in terms of, for example, sample size. Re-
producibility studies of brain SPECT outcomes of DAT
binding have been conducted in both healthy volunteers
(16,17) and patients with affected striatal DAT availability
(18–21). Intrasubject variability results from both biologic
and methodologic variation. In the absence of subject-
specific anatomic information (e.g., cerebral MRI), the ROI
delineation is anticipated to be particularly prone to
observer bias, but this bias has, to our knowledge, never
been formally assessed in SPECT studies of patients with
reduced DAT availability.

In healthy volunteers, we showed previously that in
terms of the intrasubject variability of the binding potential
of DAT, MD of ROIs directly on SPECT images was
equally as effective as MRI-defined probability map–based
ROI delineation (MRD) (17). The advantage of including
MRI-based anatomic information for the assessment of
striatal DAT availability in patients with decreased binding
is, however, unknown. It is expected that the test–retest
variability is greater in patients with reduced DAT avail-
ability, because the concentration of tracer in patients’
striatal regions is closer to the nonspecific tracer concen-
trations. In this context, the method for ROI delineation
without anatomic information is even more difficult and
prone to more observer bias.

The aim of this present study was to compare 3 different
methods of ROI delineation on SPECT images of the DAT
in patients with reduced DAT availability. The outcome
measure was the reproducibility of the delineation (the
intraobserver reproducibility) and how large an impact it
would have on the overall individual scan-to-scan variabil-
ity (the intrasubject variability).

MATERIALS AND METHODS

Patients
Eight patients with parkinsonism (average age, 69 y; age

range, 57–80 y; 6 men) were studied twice, at intervals between
14 and 21 d. The patients were included on the day of their
assignment for diagnostic 123I-labeled N-(3-iodoprop-(2E)-enyl)-
2b-carboxymethoxy-3b-(49-methylphenyl) nortropane (123I-PE2I)

SPECT and asked to enroll in the study if their 123I-PE2I SPECT
scan was compatible with decreased DAT density. The patients had
an average history of 35 mo of neurologic symptoms (range, 12–72
mo). The average scores were 46 (range, 19–72) on the Unified
Parkinson Disease Rating Scale, 2.1 (range, 1–3) on the Hoehn and
Yahr (H&Y) scale, and 28.5 (range, 25–30) on the Mini-Mental
State Examination. Routine blood test results were normal in all
patients. Brain MRIs were unremarkable in all patients. None of the
patients was taking antiparkinson drugs before or at the time of the
examination. Two patients were taking antidepressant medication
(selective serotonin reuptake inhibitors), and their medication was
kept unchanged during the test–retest period.

All patients gave informed written consent. The study was
performed in accordance with the ethical standards of the
Declaration of Helsinki and was approved by the ethical commit-
tee of Copenhagen and Frederiksberg (KF 12–009/04).

Experimental Procedures
As a DAT radiotracer we used 123I-PE2I, which is a highly

selective DAT ligand with fast kinetics and high target-to-
background ratio (4). Pinborg et al. demonstrated the feasibility
of a bolus–plus–constant infusion (B/I) approach for 123I-PE2I
administration (22). The B/I approach is superior to a bolus-alone
approach because the former allows for the simple and accurate
quantification of 123I-PE2I binding to DAT. Procedures were
performed according to the method of Ziebell et al. (17). Cannulas
were inserted into both cubital veins for tracer administration and
blood sampling. To block thyroidal uptake of free radioiodine, all
patients received 200 mg of potassium perchloride intravenously
30 min before 123I-PE2I injection. An average intravenous bolus
of 74.3 MBq (range, 65.8–79.9 MBq) of 123I-PE2I was given,
immediately followed by a constant infusion (mean, 96.5 MBq;
range, 88.6–100.1 MBq) of 123I-PE2I for 3 h. The B/I protocol
was similar in both studies, with a bolus equal to 2.7 h (range, 2.6–
2.8 h) of infusion (the B/I ratio).

SPECT was performed with a triple-head IRIX camera (Philips
Medical) fitted with low-energy, general-purpose parallel-hole
collimators (spatial resolution, 8.5 mm at 10 cm). The mean radius
of rotation was 13.9 cm. Each head covered 120� of the circular
orbit. Scans were obtained and stored at fixed angles, with an
angular interval of 3�. Six SPECT scans (duration, 10 min) were
acquired between 120 and 180 min after injection. The images were
reconstructed with a MATLAB 6.5 (The MathWorks)–based pro-
gram in 128 · 128 matrices (2.33-mm pixels and identical slice
thickness) using standard filtered backprojection with a low-pass
fourth-order Butterworth filter at 0.3 Nyquist (0.64 cm21).

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 window. Therefore,
a second energy window positioned at 184–216 keV was used
to correct for these downscattered photons in the imaging window
(23) (positioned at 143–175 keV). Before reconstruction, the
projection images of the second energy window were subtracted
from the imaging energy window using a weight of 1.1 (24).

MRI
All patients underwent 1 structural MRI scan with a 1.5-T

Vision scanner (Siemens) using the 3-dimensional magnetization-
prepared rapid acquisition gradient-echo sequence (inversion time/
delay time/echo time/repetition time 5 300/300/4.4/11.4 ms; flip
angle, 12) acquired as sagittal-plane scans with a spatial resolution
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of 1.50 · 1.13 · 1.02 mm. There were 130 planes, and the in-plane
matrix was 230 · 256. The MRI scan and the first SPECT scan
were acquired on the same day.

ROIs
The ROIs were applied to the SPECT images in 3 different

ways; the first 2 have already been discussed (17).
MD. The ROIs and reference region (cerebellum) were man-

ually delineated directly on the reconstructed SPECT images,
guided by the use of Kretschmann and Weinrich’s neuroanatomic
atlas (25). The direct adaptation of ROI coordinates from the atlas
required a reorientation of the reconstructed images to the
canthomeatal plane (using, for instance, MATLAB [The Math-
Works] or any other program capable of reorienting the recon-
structed SPECT images). ROIs were delineated on 5 consecutive
slices (2.3 mm/slice) in a summed image from all 6 SPECT frames
acquired from 120 to 180 min after injection. All delineations
were performed by the same operator with 5 y of experience in
ROI delineation on DAT SPECT images.

MRD. The ROIs were delineated on the patient’s individual MR
image and transferred via a coregistration procedure to the in-
dividual SPECT image. The actual delineation of the ROIs was
computed using a probability map–based method developed by
Svarer et al. (26), and cerebellum was used as the reference region.
MR and SPECT images were coregistered also using a semiauto-
matic MATLAB-based method with visual quality inspection, as
previously described (17). Corresponding external fiducial markers
(5 on each image) were manually identified on the MR and SPECT
images. A rigid transformation between the images was then
estimated automatically by minimizing the sum of squared errors
between the defined points. The MRD software program does not
define an overall striatal ROI but delineates only caudate nucleus
and putamen as separate ROIs. Because we wanted to compare the
reproducibility of striatal specifically bound radioligand to non-
displaceable radioligand in brain tissue (BPND) between the MRD
method and the other ROI-delineating methods, we calculated
a volume-weighted striatal ROI for the MRD:

Striatum ðMRDÞ

5
ðcaudate ½mL� · BPND;CaudateÞ1 ðputamen ½mL�Þ · BPND;PutamenÞ

ðcaudate ½mL�1 putamen ½mL�Þ

For those with special interest, a detailed illustration of the method
is available in Svarer et al. (26).

SVI. The original method uses template ROIs large enough to
contain all striatal counts, partial volume included, that the
operator is required to position (not to delineate) on each side.
A 3-dimensional slab (rather than a single slice) ensures the
visualization and inclusion of partial-volume counts in the VOIs
(15). We adapted this method with the following modifications:
instead of constructing a slab—that is, a summed image of all
slices with striatal activity and using a template for ROI
delineation—we manually delineated the ROIs on the slice with
the highest striatal counts and copied these ROIs to all slices with
striatal radioactivity. Next, the cerebellum was manually delin-
eated and used as a reference region instead of using the whole
brain minus the ROI. And finally, rather than using an average
population-based striatal volume (based on postmortem studies)
and applying this volume to all individuals, we calculated the
striatal volume using each patient’s MR image with the MRD
method. For those with special interest, a detailed illustration of
the method is available in Tossici-Bolt et al. (15).

Figure 1 illustrates the 3 different methods of ROI delineation
on SPECT images of the same individual.

Derivation of Binding Parameters and Reproducibility
The outcome parameter BPND was calculated according to

a consensus established by Innis et al. in 2007 (27). At steady
state, BPND 5 specifically bound radioligand/nondisplaceable
radioligand in brain tissue.

The SBR was calculated according to the method of Tossici-
Bolt et al. (15):

SBR 5
CtVOI=cr 2 VVOI

VS
; Eq. 1

where VS is the anatomic volume of striatum, CtVOI the total
counts in striatal VOI, cr the count concentration in a reference
region devoid of receptors or transporters, and VVOI the volume of
the SVI (which is unitless, like the binding potential).

Because the MRI delineation is semiautomatic, the software
provides caudate and putamen regions separately and the striatal
binding potential was computed as a volume-weighted average of
the caudate nucleus and putamen.

Figure 2 illustrates the study setup. 123I-PE2I SPECT scans
were delineated for each individual and striatal DAT availability
quantified, and the process was repeated 4 wk later. This process
was performed on both the first and the second 123I-PE2I SPECT

FIGURE 1. Three different methods of
ROI delineation on SPECT images of
same brain slice in same individual.
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scan, producing 2 datasets for each region (Fig. 2, left to right,
striatum, caudate nucleus, and putamen), 96 total.

The intraobserver reproducibility as a measure of how re-
producible the method for ROI delineation is in the same SPECT
image was calculated as:

Intraobserver reproducibility 5
jBP ðweek 0Þ 2 BP ðweek 4Þj
ðBP ðweek 0Þ1BP ðweek 4ÞÞ=2

:

Eq. 2

SBR was used instead of binding potential for the SVI method in
Equations 2, 3, and 5. As mentioned, both scan 1 and scan 2 were
used to calculate the intraobserver reproducibility.

Reproducibility of the ROI volumes within each method was
calculated in the same manner as for Equation 2, using the
volumes instead of the binding potential.

The intrasubject variability as a measure of the individual 123I-
PE2I SPECT scan-to-scan variability was calculated in the same
way:

Intrasubject variability 5
jBPScan1 2 BPScan2j
ðBPScan1 1 BPScan2Þ=2

; Eq. 3

where BPScan1 is the binding potential from the first scan (test)
and BPScan2 is the binding potential from the second scan
(retest).

The reliability of the measures was assessed relative to the
between- and within-patient variance by the intraclass correlation
coefficient, calculated as in the study by Ichise et al. (28):

Reliability 5
ðMSB 2 MSWÞ
ðMSB 1 MSWÞ

; Eq. 4

where MSB is the mean sum of squares between patients and MSW

the mean sum of squares within patients (17).
The availability of DAT for each patient was also compared

with a group of healthy patients. Binding potentials from 25
healthy volunteers, previously scanned with 123I-PE2I SPECT,
were age-corrected to match the age of the patients, and a 6.6%
reduction per decade was used (29). The age-adjusted binding
potential from the 8 patients was then inserted in the following
formula:

DAT availability 5

Binding potential ðpatientÞ
Binding potential ðage-adjusted normal valueÞ · 100%: Eq. 5

Statistical Analysis
Linear regression analyses were performed on the intraobserver

reproducibility. The slope of linear equations was forced through
(0.0). When tested using a Student t test, P values below 0.05 were
considered statistically significant. Unless otherwise stated, all
values are given as mean 6 SD. Because of the small sample size
regarding the intrasubject variability (n 5 8), we used the
nonparametric Wilcoxon matched-pairs signed rank sum test.
All statistical analyses were performed with GraphPad Prism
(version 5.00v; GraphPad Software Inc.).

RESULTS

BPND values in the most affected striatal ROI (of the
2 sides), compared with BPND values from our database of
25 age-matched healthy volunteers (17,22), were 8%282%
for MD, 3%296% for MRD, and 26%2100% for SVI.

Intraobserver Reproducibility

The intraobserver reproducibility for each method is
shown in Figure 3—that is, the calculated BPND from the
first ROI delineation is plotted against the BPND from the
second ROI delineation. Table 1 summarizes the intra-
observer reproducibility of either BPND or SBR for all 3
methods; the intraobserver reproducibility was not signif-
icantly different among any of the 3 ROI delineation
methods (paired t test, P . 0.1).

The intraobserver reproducibility of the mean ROI vol-
umes for MD was 12.3% 6 9.3% in the striatum, 19.6% 6

13.3% in the caudate nucleus, and 18.3% 6 14.2% in the
putamen. For MRD, the reproducibility was 1.3% 6 1.2%
for the caudate nucleus and 0.9% 6 0.6% for the putamen.

There was no statistically significant difference (paired t
test, P . 0.4) in BPND values between the MD and MRD
methods (Fig. 4), and a linear regression analysis showed
an excellent correlation with a slope of 0.99 (R2 5 0.98).
However, the delineated putaminal volumes with the MD
method were statistically significantly smaller (4.7 vs. 6.1
mL) (P , 0.001) than those delineated with the MRD
method. However, the volumes of the caudate nuclei
showed no significant difference (3.1 vs. 3.0 mL) (P . 0.4).

Intrasubject Variability

Table 2 shows the individual and average striatal intra-
subject variability with the 3 different methods, and Table
3 summarizes the sample-based average results for all
ROIs. There was no statistically significant difference in
the striatal intrasubject variability with the 3 methods
(Wilcoxon matched-pairs signed rank sum test, P . 0.2).

We also compared the 3 ROI delineation methods in
terms of reproducibility for the single individual—that is,
whether all 3 methods provided a consistent picture of
a patient’s intrasubject variability. A statistically significant

FIGURE 2. Flowchart of study. Eight individuals were scanned
twice. Every SPECT (n 5 16) image was delineated at week 0,
and process was repeated 4 wk later. From these data,
intraobserver reproducibility could be calculated according to
Equation 2. For every individual, there were 14–21 d between
first scan and rescan; from these data (n 5 8), intrasubject
variability was calculated according to Equation 3.
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correlation was found only between the MRD and the SVI
methods (Wilcoxon matched-pairs signed rank sum test,
P , 0.01).

To conduct an absolute quantification using the SVI
method, the exact size of the individual striatum volume is
needed. We wanted to investigate the actual difference in
striatal volume in this small sample of patients. The actual
average striatal size, computed using the individual MRI
scans, was 9.0 mL (range, 7.2–10.4 mL).

DISCUSSION

The aim of the present study was to compare 3 different
types of ROI application methods on SPECT images of the
DAT. Outcome measures were reproducibility of the de-
lineation and how reproducibility might affect scan-to-scan
variability in patients with reduced DAT density. Our
patients, compared with the healthy population, had
a DAT availability reduced between 5% and 85%.

The intraobserver reproducibility ranged from 5.7% to
7%, and there was no significant difference among any of
the methods. The number of patients in this study is low,
however, with 2 scannings per subject the number of ROIs
reaches 16. The performance of the intraobserver repro-
ducibility is considerable; thus, for all 3 methods approx-

imately 50% contribution of the overall intrasubject
variability in patients with decreased DAT availability
stems from the intraobserver reproducibility. The MD
method is obviously operator-dependent and dependent
on experience. We did not attempt to address the in-
terobserver reproducibility in this study, but assessment of
interobserver reproducibility in the individual SPECT
centers is recommended if MD is the chosen method.

In theory, the SVI approach and other template methods
facilitate the delineation of ROIs, are automated and
thereby independent of experienced readers, and are more
objective and less sensitive to partial-volume effects than
MD. Our results show that the SVI method did not result in
a significantly better intraobserver reproducibility than the
2 other methods. We implemented modifications using
a different reference region and the individually determined
striatal volumes (based on MRIs) and using ROI MD
instead of a template. As can be seen from Equation 1,
exchanging a population-based average striatal volume
with the MRI-determined individual striatal volume did
not affect the reproducibility. By contrast, the absolute
value of SBR is linearly related to the actual volume and we
found a quite high interindividual variation in the MRI-
determined striatal volumes, ranging from 7.2 to 10.4 mL,
suggesting that the outcome parameter SBR is determined

FIGURE 3. Intraobserver reproducibility of BPND in striatum for different delineation methods. MD (A), probability map–based
delineation (B), and SVI (C). For all 3 methods, both test and retest scans were quantified (32 data points).

TABLE 1
Summed Intraobserver Reproducibility of 3 Different Methods

Method Caudate nucleus Putamen Striatum ICC

MD (BPND) 10.2% 6 9.2% 9.7% 6 5.4% 7.0% 6 4.1% 0.97
MRD (BPND) 14.2% 6 12.3% 8.1% 6 7.5% 5.7% 6 5.4%* 0.98

SVI (SBR) 6.7% 6 6.0% 0.98

*Calculated striatum 5 volume-weighted (caudate nucleus1 putamen).

ICC 5 intraclass correlation coefficient.

No statistically significant better intraobserver reproducibility was observed for any method (MD vs. MRD, MD vs. SVI, MRD vs. SVI;
P . 0.1), and all performed equally for intraclass correlation coefficient (n 5 16).
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with some uncertainty. Our SBR values are much higher
than the BPND values found. This is because SBR 5 BPND 1

1, and because our striatal volumes on average are 20%
smaller than the average striatal size of 11.2 mL, because
the semiautomatic MRI ROI delineation program does not
include the caudate nucleus and putamen as a whole
striatum but as 2 separate regions.

The intrasubject variability, depending on the chosen
method, was between 11% and 15%. Data from previous
test–retest DAT SPECT studies are reviewed in Table 4; the

intrasubject variability and reliability (equivalent to the
intraclass correlation coefficient) from the present study
fall within the same range.

Not surprisingly, in all studies, except for one, the
intrasubject variability was lower in healthy volunteers
than in patients with reduced DAT availability.

As previously mentioned, the difference between MD
and adjustable-template delineation is limited. Not surpris-
ingly, the similar intraobserver reproducibility of the MD
and the SVI methods, compared with the other 2 methods,
did not result in a significantly smaller intrasubject vari-
ability, even though this method has higher absolute
quantification values. A serious limitation with the SVI
method as it is currently implemented is that it does not
allow for the calculation of a posterior–anterior ratio.

The intrasubject variability of the MRI-defined ROI
delineation—the MRD method—yielded an outcome sim-
ilar to that of the MD method, despite the fact that MRD is
most likely better able to determine the exact VOI (17),
which could be of particular importance in patients with
reduced DAT availability. The volumes with the MRD
method were, however, highly reproducible, suggesting that
it is because SPECT/MRI coregistration represents a vul-
nerable step that MRI-template–based delineation lacks
a clear benefit (30). Although this coregistration should be
similar in patients and in healthy volunteers when using
external fiducials, this is apparently not the case. A small
misalignment probably has a greater effect on the mean
count in a ROI in patients than in healthy volunteers
because of the lower striatal radiotracer concentration that
can easily move the ROI out of the hot spot. The intra-
subject variability of the MD method was almost twice as
high in patients as in healthy controls. This is not surprising
because it is more difficult to delineate a missing putamen
on a SPECT image that is without anatomic information.

FIGURE 4. BPND values for caudate nucleus and putamen by
ROI application with MD vs. probability map–based automatic
delineation method. Linear regression analysis showed excel-
lent correlation, R2 5 0.96.

TABLE 2
Individual Striatal Intrasubject Variability of Most Affected Side

Subject

Method 1 2 3 4 5 6 7 8 Mean 6 SD

MD

Striatal BPND test 2.06 0.87 2.07 3.21 2.11 0.57 2.58 1.64 1.9

Striatal BPND retest 1.88 0.87 2.55 2.66 2.63 0.58 2.56 2.05 2.0

Reproducibility (%) 9.3 0.1 20.5 18.8 21.6 1.8 0.5 22.2 11.9 6 10.0
MRD

Striatal* BPND test 1.90 0.67 2.46 2.64 2.99 0.65 2.46 1.47 1.9

Striatal* BPND retest 1.67 0.53 2.63 2.65 2.96 0.62 3.11 2.32 2.1
Reproducibility (%) 12.9 23.3 6.6 0.7 1.1 4.1 23.3 45.0 14.6 6 15.3

SVI

Striatal SBR test 7.51 2.21 8.46 10.33 8.23 4.13 8.53 5.08 6.8

Striatal SBR retest 7.08 2.54 8.15 9.85 9.09 4.03 9.78 7.01 7.2
Reproducibility (%) 5.8 14.0 3.7 4.8 9.9 2.5 13.7 32.0 10.8 6 10.2

*Calculated striatum 5 volume-weighted (caudate nucleus 1 putamen).
No significant difference in intrasubject variability was observed for any method (t test, P . 0.5). BPND outcome measurements were not

significant different using MD vs. MRD method (t test, P . 0.5; n 5 8).
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Unfortunately, we have no data on the SVI method, but the
strength of this method is exactly that it requires no
anatomic information and, as such, should be independent
of the DAT availability.

There was an excellent correlation between BPND values
obtained from MD and MRD (Fig. 4). So even though MD
of a low-count putamen on the SPECT images is difficult
without additional anatomic information, MRI coregistra-
tion offers no significant advantage in accuracy when it
comes to DAT quantification with SPECT.

Finally, we also compared the 3 ROI delineation methods
in terms of variability for the single individual. We found
a highly statistically significant correlation between the
individual MRD- and SVI-determined intrasubject variabil-
ity but not with these 2 methods and the MD method. This
suggests that compared with the MD, the MRD and the SVI
methods are less observer-dependent by either increasing
the reproducibility of the ROI volumes (MRD) or simply by
bypassing the reproducibility (SVI). With the reduced
delineator variation and the strict correlation in the in-
dividual patient test–retest variability in these 2 methods,
a substantial part of the scan-to-scan variability must be due
to changes in DAT availability in the current 2- to 3-wk
scanning interval and not to methodologic issues.

A limitation of this study was that the sample size was
small; however, it was within the general size of data in
test–retest studies for SPECT/PET.

CONCLUSION

We find that in patients with reduced striatal DAT
binding, MD by an experienced reader provides BPND

measurements that are in complete correspondence to MRI-
based delineations. Further, the MD and the MRD methods
performed equally well in terms of intraobserver reproduc-
ibility, despite the fact that the reproducibility of the ROI
volumes was superior in the MRI-based method. Thus, the
advantage of the ROI volume reproducibility is lost in the
coregistration between MR and DAT images. Trying to
overcome accurate striatal ROI delineations using template-
based oversized ROIs was not more effective than using
MD in terms of intraobserver reproducibility or intrasubject
variability.
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