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PET studies using L-3,4-dihydroxy-6-18F-fluorophenylalanine
have been applied to assess the diminished functionality of
the striatum in patients with suspected Parkinson’s disease.
Two techniques for analyzing such studies are ratio methods
and graphically computed influx constants. We propose a
method for improving the consistency with which scans ob-
tained by either of these techniques are analyzed. The
method is based on a fully 3-dimensional analysis of the
images. Methods: Fifty-one dynamically acquired datasets
were corrected for motion before analysis. Regions of interest
(ROIs) for the analysis were determined by manual affine
registration to a standard template, using a separate trans-
formation for each ROI. Indicator values for each ROI were
computed by averaging the values of voxels having the
highest activity within a specified proportion of the voxels in
the ROI, to increase the robustness to perturbations in the
ROI position. Sensitivity was analyzed by examining the vari-
ation in results obtained when the ROIs were translated by up
to 6 mm. Results: We observed significant percentage dif-
ferences in the computed influx constant before and after
motion correction (mean variation � SD, �0.75% � 9.5%
averaged over all regions of all patients). Our method was
robust to placement of the cerebellum ROI, whereas a 2-
dimensional analysis based on hand-drawn ROIs was asso-
ciated with a 2- to 3-fold greater percentage variation in
uptake for translations of 2 mm or more in ROI position. When
we compared the 2 quantification techniques, our influx con-
stants and ratios correlated at r2 � 0.91, P � 0.0001. Con-
clusion: Motion correction is an important step for comput-
ing reliable results in dynamic studies. The robustness of the
results can be increased further by using standard normal-
ized volumetric ROIs and by using the average value of a
specified proportion of the voxels with the highest activity in
the ROI as an indicator for that ROI. Influx constant values
computed using our analysis technique closely correlated to
values computed with ratio methods using this general ap-
proach.
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Idiopathic Parkinson’s disease (PD) is a progressive de-
generative motor disorder characterized classically by a
distinct constellation of physical signs (tremor, bradykine-
sia, rigidity). Diagnoses based on clinical examination,
however, can be inaccurate in up to 25% of patients (1,2). A
variety of biomarkers have been used to image the nigro-
striatal dopaminergic system (3,4), such as L-3,4-dihydroxy-
6-18F-fluorophenylalanine (FDOPA) used in conjunction
with PET. In PD and other parkinsonian syndromes, the
degeneration of the substantia nigra is manifested as dimin-
ished uptake of FDOPA in the corpus striatum.

FDOPA uptake can be quantified by ratio methods (e.g.,
the ratio of the striatum to the cerebellum or of the striatum
to the occipital lobe) (5–7), graphical method (influx con-
stant, Ki) (8–10), or compartmental models (11–13), al-
though the last are less frequently used in practice because
of their additional complexity. In this paper, we analyze
some of the factors that influence results obtained by the
first 2 methods—for example, patient movement during
scanning, the shape and placement of regions of interest
(ROIs), and the heterogeneous nature of voxel intensities
within the ROIs. We propose a method for estimating the
influx constant in a consistent way that includes motion
correction, affine registration (allowing translation, rotation,
scaling, and shearing in each dimension of the image inde-
pendently) for standard ROI delineation, and extraction of
an ROI indicator value from a proportion of the voxels with
the highest uptake values. The robustness of this method
was investigated, and its results were correlated with those
of the ratio method.

Kinetic Modeling of FDOPA
FDOPA is a tracer used in PET studies for assessing

dopamine system dysfunction linked with PD and other
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parkinsonian syndromes. FDOPA targets a dopamine syn-
thetic enzyme, aromatic amino acid decarboxylase, in the
presynaptic process. Aromatic amino acid decarboxylase is
present in the dopaminergic, noradrenergic, and serotoner-
gic systems but is contained primarily within dopaminergic
neurons. It converts FDOPA to 18F-fluorodopamine, which
is then stored in dopaminergic neurons. The extent of 18F-
fluorodopamine accumulation then provides an estimate of
the dopamine synthesis capacity of that region. However,
this measure cannot differentiate between changes occur-
ring in activity per neuron terminal and changes in the
total number of terminals. It represents a product of aver-
age activity per neuron and the number of terminals in the
ROI (14).

Patlak Graphical Analysis
FDOPA uptake can be quantified by Ki, which is the

slope of a linear fitting between 2 time–activity curves: the
time–activity curve of the ROI Cstriatum(t) and the time–
activity curve of the blood input function Cblood(t). In
FDOPA studies, the blood input function can be replaced by
the time–activity curve of a nonspecific reference region,
such as the cerebellum Ccerebellum(t) or occipital cortex
Cocciptal(t) (6). Ki

cerebellum (using the cerebellum as reference
region) is derived in this study according to the following
equation (9):

Cstriatum�t�

Ccerebellum�t�
� V0 � Ki

�
0

t

Ccerebellum�s�ds

Ccerebellum�t�
,

where V0 is the initial volume of distribution. The fact that
the time–activity curve is obtained from the same voxel or
ROI in each frame of a dynamic scan assumes that the
patient is stationary during the scan; in practice, some
patient movement is unavoidable. One aim of this study was
to develop a motion-correction strategy and hence to inves-
tigate the extent of patient movement during a scan and the
consequent effect on the estimated influx constant.

Ki
cerebellum (Ki

c) can be obtained either in a user-defined
ROI (6) or at every voxel, such as with statistical parametric
mapping analysis (15). In this paper, we focus on the more
commonly used ROI-derived influx constant. Because of
the relatively small size of striatal structures, partial-volume
effects and inaccurate definition of ROIs can affect the
accuracy and reliability of the estimated influx constant
(16). A preliminary study of influx constant sensitivity to
the shape and placement of the ROI was conducted using
manually drawn ROIs on a single axial slice of the image.
The influx constant was found to vary from around 4% to
29% with 1- to 4-voxel ROI movement within the slice
(voxel resolution, 1.47 mm). The variation between slices
was 5%–10%, although a variation of less than 5% could be
achieved by repositioning the ROI on every slice. These
results reflect the importance of defining a standard ROI and
a systematic way of positioning it in order to achieve a

consistent influx constant. To date, several different strate-
gies have been used for ROI placement. In one paper,
standard elliptic ROIs were placed on a mean image of 4
central slices (thickness, 17 mm) (6). Other ROI methods
have included defining standard volumes on summed im-
ages (where a subset of the frames are averaged together) or
placing regions on PET images coregistered to individual
MR images (15). Here, we propose a 3-dimensional vol-
ume-of-interest method that uses affine registration to a
standard brain template, and we investigate its robustness.

Static Ratio Analysis
The ratio method does not require dynamic scans. It uses

a single static scan (duration, 10–30 min) obtained at some
time (45–125 min) after the injection of radiotracer, and the
ratio is defined over values of the ROI and a reference
region. For example:

Rs-to-c � ROIstriatum/ROIcerebellum.

Motion correction as described in the previous section is
not applicable to the ratio method because only a single scan
is considered (although patient movement during the acqui-
sition will obviously affect scan quality by introducing
blurring). However, the definition of the ROI and the start
time and duration of the scan will affect the consistency and
reproducibility of the values produced by this method.

MATERIALS AND METHODS

Dynamically acquired FDOPA PET scans of 51 patients (33
men and 18 women; mean age � SD, 56 � 14 y) were analyzed.
Scans were acquired using a high-resolution full-ring scanner
(ECAT HR�; Siemens/CTI) in 3-dimensional mode, with 63
contiguous slices acquired simultaneously. Slice thickness was 2.4
mm, and reconstructed resolutions were 6–7 mm in full width at
half maximum. Each scan consisted of 18 frames covering a total
acquisition time of 125 min, starting immediately after injection
(the acquisition began with 6 frames of 30 s each, followed by 4
of 3 min, 5 of 10 min, and finally 3 of 20 min). When performing
our Patlak graphical analysis, we used frames 12–18 (25–125 min)
for computation of Ki

c and data from all frames for calculation of
the input time–activity curve. Two of the 51 patients were ex-
cluded from the study after preliminary experiments found that, for
unknown reasons, their cerebellar uptake was slower than that of
all other patients by more than a factor of 2.

Motion Correction
Patient movement of more than 1 cm during the acquisition took

place in several studies. To mitigate the effects of this movement,
we corrected the scans for patient motion. A strategy for motion
correction of frames taken during a dynamic acquisition has been
described (17). By supersampling the source volume to an inter-
mediate geometry before registration, this strategy reduces the
inherent bias of registration schemes to favor the identity trans-
formation when 2 similar images are registered with the same
geometry. We started from the end of the study rather than the
beginning because of the better image quality of later frames.

First, we initialized the combined transformation matrix T to
the identity. For frames f � 17, 16, . . . , 7 we resampled frame
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(f � 1) to the intermediate geometry, registered (rigidly, using
translation and rotation) frame f to this resampled frame, postmul-
tiplied the combined transformation matrix T by the transformation
matrix for this registration result, and resampled the registered
frame f into the original geometry of the final frame 18 using the
updated combined transformation matrix T.

For f � 6, . . . , 1 we resampled frame f into the original
geometry of the final frame 18 using the combined transformation
matrix T calculated as above.

No motion correction was performed on the 30-s frames ac-
quired during the first 3 min of acquisition because of their poor
image quality and the subsequent risk of misregistration. Because
of their short duration, it is reasonable to expect any movement to
be minimal in these frames, and hence we use the transformation
obtained for frame 7 to align these scans.

Any voxels that were not present in all frames (because of
spatial transformation) were set to the background value in all
frames, to ensure that voxels being considered for the analysis had
valid values throughout the scan. After motion correction, all 49
datasets were verified visually, checking alignment of the scalp
and, where visible, alignment of the striata to ensure that the
motion correction had been performed successfully (the criterion
used was that the movement of the scalp was less than half the
thickness of the scalp over the entire study).

Standard ROIs
We next located the ROIs. The regions specified were the left

and right striatum and the cerebellum, which was used as the
reference region. We segmented these fully in 3 dimensions (15),
using manual affine registration to the automated anatomic label-
ing (AAL) standard brain template (18). However, because affine
registration is not generally sufficiently accurate to simultaneously
register both the striata and the cerebellum to the AAL template for
any particular patient (locally deformable registration is usually
needed to achieve this accuracy), we obtained each region using a
separate affine transformation. Clearly, care must be taken to
ensure that transformations that affect volume have a consistent
effect over all 3 regions, because the volumes of the striata and the
cerebellum are nearly proportional to total brain volume and to
each other (19).

The visual guides used during the registration included the brain
outline, the left and right caudate regions, the left and right striatal
regions, and the cerebellum (Fig. 1). The images registered were
the final frame of the dynamic study and the standard brain
template, although other frames would also be suitable.

Coarse alignment of the brain included translating the brain so
that it is centered within the cortical boundary; rotating around the
center of the boundary between right caudate and right putamen to
coarsely align the lower boundary of the brain, as appears in the
template; and uniformly scaling the brain so that the cortex fits
within the brain boundary. Minor corrections for overall alignment
of the right striatum included shifting and rotating the brain as
necessary to align the main structures, using the cerebellum and
the boundary between the right caudate and right putamen as
landmarks for matching to the standard template, and fixing the
scaling when necessary. Completing alignment of the right stria-
tum included using minor translations as necessary to ensure that
the caudate was visible in all slices and that the boundary between
right caudate and right putamen matched the standard template.
The scale and shear parameters were not changed afterward. The
transformation for the right striatum was recorded at that point.

Completing alignment of the left striatum was performed as for
alignment of the right striatum, using translation only. The trans-
formation for the left striatum was recorded at that point. Com-
pleting alignment of the cerebellum was performed as for align-
ment of the right striatum, using translation only. The
transformation for the cerebellum was recorded at that point.

Using the AAL template as a reference, we extracted voxels
from within the following 5 regions: cerebellum, left and right
caudate, and left and right putamen.

Early PD is associated with effects on the caudal putamen, and
then the rostral putamen is affected as the disease progresses (20).
To assess these effects, we subdivided each putamen into 3 regions
of roughly equal volume along its length by using 2 spheres
centered on the heads of the caudate nuclei with radii of 16 and 27
mm (chosen to give us equality of volume between the 3 divisions
of the putamen). Thus, for each patient we defined 8 regions for

FIGURE 1. Registered images with subputamen ROIs. (A)
Right striatum registered to AAL template (single axial slice;
registered region highlighted). Note that a new transformation
will be needed to register the left striatum. (B) Cerebellum and
left striatum registered to AAL template (single sagittal slice).
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quantification of FDOPA uptake (left and right caudate and 3
putamen regions on each side) and 1 reference region (cerebel-
lum).

Sensitivity of Influx Constant and Ratio Values
to ROI Position

Once the ROIs had been positioned, we conducted a sensitivity
analysis of the influx constants and ratios with respect to place-
ment of the ROIs. Translations of �2 and �4 mm were applied to
ROIs in the left-right (L-R), anterior-posterior (A-P), and superior-
inferior (S-I) directions (treating each direction separately) to
simulate potential variation of ROI positions in the manual affine
registration process (an additional translation of �6 mm was
applied to the cerebellum ROI because it is larger and hence
potentially liable to greater misalignment). First, only the cerebel-
lum ROI was translated, maintaining a fixed position for the
striatum ROIs. Subsequently, the cerebellum ROI was maintained
in a fixed position, whereas the positions of the striatum ROIs were
perturbed. The average percentage variation in Ki

c and ratio (Rs-to-c)
values was then calculated for the 49 patients.

To allow a direct comparison with our preliminary 2-dimen-
sional study of sensitivity using manually drawn ROIs on a single
slice, we computed the average percentage variation in the L-R and
A-P directions for all combinations of �2- and �4-mm transla-
tions. This computation gave values for translations of up to
�(42 � 42) 	 5.9 mm for the diagonal displacement.

Calculation of ROI Indicator Value
Because of the effect of partial volumes (21) and different

disease states, the contents in any ROI may be heterogeneous. A
common method to obtain a representative intensity value is to
compute the mean value of voxels in the ROI, but this method may
potentially include substantial background noise. Additionally, a
problem that we observed when fitting the cerebellum to the AAL
template was that the functional region visible in the PET scan was
significantly smaller than the anatomic region of the template. To
overcome such problems, a percentage thresholding method was
proposed by Rottenberg et al. (22) to extract a value from each
ROI. That method uses the average value of the voxels whose
intensity is above 85% of the maximum intensity within the ROI.
However, depending on the distribution of activity within the ROI,
the actual number of voxels to be averaged could vary substan-
tially, biasing analysis toward the healthy part of the ROI without

consideration of its volume. To alleviate this difficulty, we propose
computing the mean of a fixed volume within the ROI, where the
volume comprises only the brightest pixels within the ROI. We
expect that this method will reduce the partial-volume effect and
therefore increase the sensitivity and allow more tolerance to
misalignment of ROIs.

For the graphical Patlak analysis, the voxels with greatest ac-
tivity are determined from the average of frames 4 through 18,
omitting the first 3 frames because of their high level of noise. For
the static analysis, voxels are selected from the static scan under
consideration. Because of this difference between the dynamic and
static analyses, slightly different subsets of the ROI voxels may be
used in the computations.

Comparison of Ratios and Influx Constants
Ratios will vary slightly depending on which late frame is used

in the computations. To account for this variation, we computed
Rs-to-c values using 4 different static frames: the final frame in our
acquisition, the penultimate frame, the average of the final 2
frames (i.e., acquisition from 85 to 125 min), and the average of
the final 3 frames (i.e., acquisition from 65 to 125 min). The results
from each were compared with Ki

c values, and the correlation was
computed using standard Pearson correlation coefficients. A sen-
sitivity analysis was also performed using different proportions of
the brightest voxels from the cerebellum (25%, 50%, 75%, and
100%) and different proportions for the striatum regions (10%,
20%, . . . , 100%). For each proportion, the degree of correlation
between Rs-to-c and Ki

c was recorded.

RESULTS

Motion Correction
After correction, no significant motion was observed be-

tween corrected frames for any of the patients (for almost all
patients there was no visible motion). Slight motion (ap-
proximately half the visible thickness of the scalp) was
visible for 1 patient during the first 6 (uncorrected) frames,
although this motion was still within our criterion.

In assessing the effects of motion correction on the re-
sults, we considered the amount of motion present, in par-
ticular the maximum and average translations and rotations
(about the center of the image) across all frames (Fig. 2).

FIGURE 2. Average (dashed line) and maximum (solid line) translation (A) and rotation (B) over all 49 datasets against scan time.

1740 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 46 • No. 10 • October 2005



The horizontal portion of the curves during the first 3 min
corresponds to those frames on which we did no additional
motion correction. The earliest frames typically required
large transformations—not surprising, because frames are
registered to the final frame.

The next effect we considered was the impact of motion
correction on Ki

c values. Across all 8 regions and 49 patients
(i.e., 392 values in all), the percentage variation in Ki

c

ranged from �37% to 60%, with a mean of �0.75% and an
SD of 9.5%. For this experiment, calculations were made
using 50% of the brightest voxels from the cerebellum and
40% of the brightest voxels from each striatum region.

Sensitivity of Influx Constants and Ratios
to ROI Position

The effect of applying small translations to the cerebel-
lum ROI is summarized in Table 1, and the results of
translating the striatum ROIs are recorded in Table 2. These
experiments were performed using 50% of the brightest
voxels from the cerebellum and 40% of the brightest voxels
from each striatum region.

To compare the percentage variation of Ki
c and the ratio

values to the influx constant obtained from our preliminary
study in 2 dimensions using a manually drawn ROI, we
plotted ROI translation against percentage variation in the
value (Fig. 3). The percentage variations from both in-slice
directions, L-R and A-P, were averaged to produce the data
for this plot, as well as data taken from the combination of
L-R and A-P translations simultaneously. The 2-dimen-
sional results were obtained using a range of translations of
1–4 voxels with a voxel size of 1.47 mm. The sensitivity of

the 2-dimensional manual analysis is significantly worse
than that of our method.

Calculation of ROI Indicator Value
An experiment was also performed to ascertain the sen-

sitivity of the influx constant to the proportion of striatum
and cerebellum voxels used in calculations. This sensitivity
was measured by computing, across all regions of all pa-
tients, the distribution of Ki

c obtained using different pro-
portions of ROI voxels (Fig. 4). This plot indicated that as
the used proportion of the striatum increased, the median Ki

c

and Rs-to-c values decreased, as did the maximum and both
upper and lower quartiles. The plot also indicated that the
minimum Ki

c value increased slightly with the proportion of
voxels used, whereas the minimum Rs-to-c values decreased
slightly. Similar plots (not shown) were obtained for the
other cerebellum proportions (25%, 75%, and 100%).

Comparison of Ratio and Influx Constant Values
Throughout the experiments, the Rs-to-c computed from

the final frame correlated best with Ki
c; therefore, all results

described in the remaining experiments used the final frame
for the static analysis. The highest correlation between Ki

c

and Rs-to-c values (r2 � 0.91, P � 0.0001, for all regions
considered together) was achieved using 25% of the bright-
est voxels in the cerebellum and 40% of the brightest voxels
in the striatum (Fig. 5).

TABLE 1
Average Percentage Variation in Influx Constant and Ratio Values Across All 8 Values of All 49 Cases

with Varying Cerebellum ROI Position

Direction

Shift (mm)

�2 �4 �6

Ki
c Rs-to-c Ki

c Rs-to-c Ki
c Rs-to-c

L-R 0.15 0.13 0.32 0.26 0.52 0.43
A-P 0.29 0.42 0.61 0.79 0.97 1.11
S-I 0.63 0.80 1.53 1.92 3.0 3.43

TABLE 2
Average Percentage Variation in Influx Constant and Ratio

Values Across All 8 Values of All 49 Cases with Varying
Striatum ROI Position

Direction

Shift (mm)

�2 �4

Ki
c Rs-to-c Ki

c Rs-to-c

L-R 4.7 3.0 10.3 6.8
A-P 2.2 2.0 5.6 4.0
S-I 2.1 1.0 4.4 2.5

FIGURE 3. Variations of Ki
c values obtained from 3-dimen-

sional ROIs (E), ratios obtained from 3-dimensional ROIs (�),
and Ki

c values obtained using 2-dimensional manual ROIs (�).
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However, plotting the correlation (r2) against the propor-
tion of cerebellum and striatum (Fig. 6) illustrates that
although these particular values gave the highest correlation
(by a small amount), correlations of r2 
 0.9 were obtained
with all striatum proportions between 20% and 80% when
using either 25% or 50% of the cerebellum, and even the
lowest correlation (r2 
 0.80; obtained when using 100% of
the cerebellum and 10% of the striatum) was still signifi-
cant, at P � 0.0001.

The correlations obtained when each region was consid-
ered separately (Table 3) show that the putamen values had
a stronger correlation than the caudate values. Plotting the
lines of best fit for each of our 8 regions separately (Fig. 5A)
showed that the relationships between Rs-to-c and Ki

c for all
putamen regions were similar; therefore, we grouped all
points in these regions together (Fig. 5B), giving the single
correlation r2 � 0.95 (P � 0.0001). The correlations for the
left and right caudate regions were slightly lower, and the
lines of best fit were less similar. We believe the reason was
the lower spread of values we had for uptake in the caudate.
Grouping left and right regions together gave us a single
correlation of r2 � 0.86 (P � 0.0001) (Fig. 5B).

DISCUSSION

Motion Correction
The large range of percentage variation in Ki

c and the
high SD suggest that the effect of patient movement during
the acquisition can be highly significant. The small mean
indicates that there is little bias, and thus values with motion
correction appear randomly larger or smaller than those
without. We contend, therefore, that it is important to cor-
rect for such motion before analysis, not least in order to
enable reliable estimation of influx constants. This effect is
likely to be more pronounced for smaller ROIs, because
even slight patient movement could cause a large misalign-
ment between corresponding ROIs in different frames.

Calculation of ROI Indicator Value
We had 2 key motivations for our choice of method for

computing an indicator value for each ROI. Our first moti-
vation was to account for the heterogeneous nature of the
uptake values within each ROI. Our second motivation was
that the anatomic ROIs, particularly the cerebellum, were
significantly larger than the corresponding functional re-
gions visible on the PET scans. The fact that the value of Ki

c

FIGURE 4. Box-and-whisker plot showing range of Ki
c values (A) and Rs-to-c values (B) for different striatum proportions (using

50% of cerebellum voxels). Boxes indicate lower and upper quartiles and median.

FIGURE 5. Correlation (r2) between Rs-to-c

values and Ki
c values: both plots show the

same 8 regions of all 49 cases (caudate as
crosses, putamen regions as dots), with
the best-fit lines relating the static and dy-
namic values in (A) shown for each region
separately (caudate dashed, putamen sol-
id); (B) shows the same data except that
the best-fit lines are computed for left and
right caudate regions together (dashed)
and all 6 putamen regions (left and right)
combined (solid).
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decreased as the proportion of voxels increased (Fig. 4)
suggests that as the proportion of voxels included in com-
putations is increased, more low-intensity voxels are in-
cluded, decreasing the indicator value for the ROI. This
reduction is indistinguishable from reduced uptake, and
hence the observed Ki

c is lower. Although the minimum Ki
c

value increased with the proportion of striatum used, the
quality of fit of the straight line in the Patlak graphical
method was not uniform (data not shown); in particular,
although fewer than 4% of our Ki

c values had an r value of
less than 0.8, in all these cases Ki

c values were less than
0.003 (i.e., at the bottom of our range of Ki

c results). This
finding suggests that the reason for the increasing minimum
value of Ki

c with striatum proportion could be poor Patlak
graphical fitting for low Ki

c values. The results of the ratio
method behaved as expected for these low values.

Sensitivity of Values to ROI Placement
The small variation of the influx constant and ratio while

one is perturbing the location of the cerebellum ROI indi-
cates that the method described in this paper tolerates the
misalignment of the cerebellum ROI to a comfortable extent
(no more than 3.5% change in Ki

c for a 6-mm translation).
When one is translating striatum ROIs, the variation of the
influx constant and ratio is greater in the L-R direction than
in the A-P and S-I directions because of the long, thin shape
of the striatum: misalignment in the L-R direction more
quickly moves the ROI outside the striatum. When com-
pared with a 2-dimensional manual ROI method, the vari-
ation of influx constant is considerably smaller using the
3-dimensional method (Fig. 3), indicating an improved ro-
bustness by a factor of 2–3 from the 2-dimensional method
outlined in this paper. The variation of ratio value is of a
similar order of magnitude to the variation of influx con-
stant, although it does appear to be slightly more robust,
perhaps because of the simplicity of the method (e.g., be-

cause only a single time frame is considered, any motion
artifacts remaining after motion correction are minimized).

Correlation Between Ratio and Influx Constant
It would be beneficial to be able to analyze FDOPA scans

using just a short, static analysis rather than the full dynamic
analysis. This ability would be clinically preferable because
the time spent in the scanner by the patient is shorter (e.g.,
20 min rather than 2 h). Also, multiple patients could be
scanned in the time required for a single dynamic scan. A
good correlation was obtained between influx constants and
ratios using a 2-dimensional slab of data with standard
elliptic ROIs (r2 � 0.92 for putamen and r2 � 0.75 for
caudate, P � 0.0001) when a 10-min scan was used with a
postinjection delay of 95 min (6) (compared with the final
frame). Our results agree with those findings, in that the
final frame in our acquisition gave the highest correlation
between ratio and Ki

c values. Note, however, that in that
study, the scores (both ratio and influx constant) obtained
from left and right regions were averaged. We believe that
this averaging reduces the sensitivity of the analysis, and we
have elected to distinguish the results for left and right
striata, allowing possible further analysis based on the bi-
lateral progression of PD, a point mentioned by Rakshi et al.
(23).

CONCLUSION

Our techniques for motion correction, ROI delineation,
and ROI indicator value extraction were effective and ro-
bust for analyzing FDOPA scans (these techniques are not
limited to FDOPA or PD and should also be applicable to
similar analyses of other dynamic or static scans). The
motion correction was proven important for getting reliable
values from dynamic scans. The experiments showed that
by using standard normalized volumetric ROIs and a sys-
tematic way of placing them, our analysis techniques were
less sensitive (by a factor of 2–3) to ROI position than in a
more typical 2-dimensional analysis and that the ratios
obtained were slightly less sensitive to ROI position than
were influx constants. We also found a good correlation
between Ki

c and Rs-to-c values, confirming the feasibility of
using a short, patient-friendly static scan instead of a dy-
namic scan in FDOPA brain PET analysis for suspected PD.
Our results suggest that a good correlation can be obtained

TABLE 3
Correlation (r2) Obtained for Each ROI Separately Using
25% of the Brightest Voxels from the Cerebellum and
40% of the Brightest Voxels from Each Striatal Region

(All with P � 0.0001)

Region Left Right

Caudate 0.83 0.88
Putamen (rostral) 0.95 0.95
Putamen (mid) 0.95 0.96
Putamen (caudal) 0.91 0.92

FIGURE 6. Variation in correlation between Patlak and static
analysis values with different proportions of voxels from cere-
bellum and striatum.
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with little concern for the exact proportion of voxels used
from each ROI to compute its indicator value, leaving the
selection of this parameter to be based on other factors such
as accommodating the difference in size between functional
and anatomic cerebellum ROIs.
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