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Is Iterative Reconstruction an Alternative to
Filtered Backprojection in Routine Processing of
Dopamine Transporter SPECT Studies?
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In general, striatal dopamine transporter (DAT) binding is assessed
by use of data reconstructed by filtered backprojection (FBP). The
aim of this study was to investigate whether the use of an iterative
reconstruction algorithm (ordered-subset expectation maximiza-
tion [OSEM]) may provide results comparable to or even better
than those obtained by standard FBP. Methods: In 50 patients
with parkinsonian syndromes, SPECT scans were acquired 4 h
after injection of 185 MBq of '23|-fluoropropyl-23-carbomethoxy-
3B-(4-iodophenyl)tropane ('2I-FP-CIT) by use of a triple-head
vy-camera fitted with low-energy, high-resolution fanbeam collima-
tors. After reconstruction by FBP and OSEM, data were filtered
with a Butterworth filter and corrected for attenuation. Patient
studies were automatically fitted to a mean template with a corre-
sponding 3-dimensional (3D) volume-of-interest map covering the
striatum, caudate, and putamen as well as an occipital reference
region to calculate specific DAT binding. In addition, studies with
an anthropomorphic 3D striatal phantom were performed to mimic
different pathologies. Results: Visual assessment of phantom and
patient data suggested a better separation between the caudate
and the putamen in studies reconstructed by OSEM than in those
reconstructed by FBP. There was an excellent correlation between
specific DAT binding assessed by OSEM and that assessed by
FBP (R? values: striatum, 0.999; caudate, 0.998; putamen, 0.998).
Mean specific striatal binding obtained by OSEM was approxi-
mately 6% lower than that obtained by FBP. In no case was
diagnostic information from OSEM inferior to that from FBP. Con-
clusion: lterative reconstruction of '23I-FP-CIT SPECT studies for
the assessment of DAT is feasible in routine clinical practice. A
close correlation between FBP and OSEM data suggested that the
latter also allow reliable quantification of DAT binding. Because of
a better separation between the caudate and the putamen in the
visual evaluation, as suggested by phantom and patient studies,
OSEM may even be considered the preferable approach.
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Imaging of the presynaptic dopamine transporter (DAT)
has evolved to be an important diagnostic tool in patients
with parkinsonian syndromes (/). DAT SPECT studies can
confirm or exclude the diagnosis of a neurodegenerative
parkinsonian syndrome (2) and, in combination with semi-
quantification (3), can detect subtle changes in DAT binding
in striatal subregions and allow monitoring of disease pro-
gression (4,5).

All common SPECT camera software packages allow
image reconstruction by filtered backprojection (FBP), an
algorithm well established for !ZI-fluoropropyl-2p-carbo-
methoxy-33-(4-iodophenyl)tropane ('2[-FP-CIT) SPECT.
Its most important benefit is rapid processing speed. How-
ever, some artifacts can be caused by the algorithm.

More recently, reconstruction models based on a different
mathematic approach were developed and proposed as alter-
natives for filtered backprojection in heart (6), bone (7), and
brain perfusion (8) SPECT. However, because of its anatom-
ically small structures, imaging of the dopaminergic system
needs special attention to optimize imaging conditions. Be-
sides visual assessment, semiquantitative evaluation of radio-
tracer binding plays an essential role. It allows comparison of
a single patient scan to normal reference values and enables
follow-up investigations to monitor disease progression and
therapeutic effects. Little is known about the use of iterative
reconstruction techniques in neurotransmitter and neurorecep-
tor imaging with SPECT. Even though a previous study ad-
dressed this issue with phantom measurements (9), data in a
large clinical context have not been published. Whether results
obtained by different reconstruction algorithms can be com-
pared directly and whether iterative reconstruction techniques
allow accurate semiquantification for brain DAT scans remain
to be proven.

In this study we evaluated the use of the iterative recon-
struction algorithm ordered-subset expectation maximiza-
tion (OSEM) in DAT SPECT studies assessed in a phantom
and in patients, with the aim of comparing the results of
reconstructions by OSEM with those by FBP.
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MATERIALS AND METHODS

Patients

Fifty consecutive patients (ages: range, 36—78 y, mean * SD,
62 = 11 y) clinically presenting with parkinsonian syndromes
were included in this retrospective data analysis. The patients were
referred for routine clinical '2*I-FP-CIT SPECT investigations to
establish or exclude the diagnosis of a neurodegenerative parkin-
sonian syndrome. Thus, a broad spectrum ranging from normal
findings to severely decreased DAT binding was included.

Phantom

Phantom measurements were performed with the anthropomor-
phic basal ganglion phantom commercially available from Radi-
ology Support Devices Inc. The phantom consists of symmetric
chambers for each caudate (4.8 mL) and each putamen (6.0 mL)
and a large chamber simulating the remaining brain (1,290 mL), all
shaped according to the anatomy of the human brain. The cham-
bers are surrounded by an artificial skull and soft tissue with
attenuation coefficients equivalent to those of human tissue.

Measurements were performed with 11 activity concentrations
of '2[ (ranging from 44.6 to 477.1 kBq/mL), each resulting in a
different specific ratio between the striatum and the background
region (27.9 kBg/mL). On the basis of previous phantom measure-
ments, true specific ratios ranging from 0.6 to 16.1 were chosen to
encompass the range known from routine SPECT studies of the
dopaminergic system with '2I-FP-CIT, covering the full range
from markedly decreased radiotracer binding up to highly normal
results, with some ratios being even higher than those observed in
patient studies.

For the first phantom acquisition, the right striatal chambers
(caudate and putamen chambers) were filled with the solution with
the lowest 123I concentration, and the left chambers were filled with
the solution with the next higher activity concentration. For the
following acquisitions, the striatal chambers were emptied,
flushed, and then refilled with the next pair of concentrations. The
large chamber simulating the brain with the exclusion of the basal
ganglia (background) remained unchanged during the whole ex-
periment. To minimize the adhesion of '?I to the plastic chamber
walls, a sodium iodine solution of 0.1 mol/L was used as the basis
for all solutions.

To determine the true ratios achieved for the phantom, 2 sepa-
rate 200-pL samples were taken from each chamber, and the
activity concentrations in the samples were measured in a well
counter (energy window, 140-220 keV; counting time, 1 min).
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The average counts per milliliter in each of the 2 identical samples
were used to determine the ratios with the same formula as that
used for clinical SPECT images.

SPECT Acquisition

Patients and the phantom were imaged under identical condi-
tions. Data were acquired by use of a triple-head y-camera (Picker
Prism 3000; Philips) fitted with low-energy, high-resolution fan-
beam collimators (focal distance, 530 mm). In patients, acquisition
was started exactly 4 h after intravenous injection of 185 MBq of
the radiopharmaceutical '2’I-FP-CIT (GE Healthcare). A 128 X
128 matrix was used for all acquisitions. The rotational radius was
minimized and in the narrow range from 12.7 to 13.3 cm in all
cases. A total of 120 projections were acquired at 60 s per view for
patients, resulting in a total scan time of 43 min, and 15 s per view
for the phantom with the camera heads following a circular orbit.
Total brain counts of >3 X 10° were achieved in all examinations.
The projection data for the patient scans were checked visually for
patient motion by use of the cine display and sinograms.

SPECT Processing

SPECT data were reconstructed with the FBP algorithm by use
of a ramp filter with Odyssey-FX software (Philips), filtered with
a Butterworth 3-dimensional (3D) postprocessing filter (0.60 cycle
per centimeter, fifth order), and corrected for attenuation according
to the Chang method (uniform loss, 0.11/cm; elliptic fitting with a
separate contour for each slice (3)).

The iterative reconstruction was performed on a Hermes work-
station (Nuclear Diagnostics) with the Hermes OSEM (HOSEM)
program (OSEM implementation based on the algorithm of Rich-
ard Larkin, Macquarie University (/0)). Three iterations, 8 subsets,
a constant point spread function of 4 mm, and no background
threshold were chosen. The radius of rotation was adjusted to
account for the fanbeam geometry. The data were corrected for
attenuation on the basis of manual elliptic fitting with a separate
contour for each slice. As for the studies processed by FBP, a
uniform loss of 0.11/cm was assumed. The established postrecon-
struction filtering parameters could not simply be transferred from
FBP to OSEM. The resulting filtered images were too smooth,
hampering precise anatomic mapping of the striatal structures (Fig.
1) and requiring adjustment of the cutoff empirically. For this
purpose, selected phantom and patient scans were filtered with
different settings, and optimized parameters were chosen from the
visual impression of the reconstructed transverse images. An ac-
ceptable compromise between smoothing and noise for optimized
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FIGURE 1. Influence of different cutoff
frequencies of Butterworth (BW) filter on
images reconstructed by OSEM and by
FBP for scan of phantom (A) and scan of
patient with normal DAT binding (B).
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diagnostic image quality was obtained with a Butterworth 3D
postprocessing filter (1.0 cycle per centimeter, seventh order).

Automated Semiquantitative Evaluation

The studies reconstructed with the OSEM algorithm were first
coregistered to the images obtained by the FBP algorithm by use
of the count difference registration algorithm in MultiModality
software (Hermes; Nuclear Diagnostics). This procedure is neces-
sary because the HOSEM software models the transverse angle
rotational adjustment during the placement of the attenuation cor-
rection ellipses into the reconstructed data.

For patient and phantom SPECT scans, a modified version of
brain analysis software (BRASS, version 3.4.4; Nuclear Diagnos-
tics) running on a Hermes workstation was used for a standardized
and observer-independent evaluation as published previously (/7).
Studies were registered to a template (based on studies recon-
structed by FBP); subsequently, a standardized 3D voxel-of-inter-
est (VOI) map was applied.

After registration of each FBP scan, the corresponding trans-
formation matrix was applied in an identical manner to the coreg-
istered study with iterative reconstruction to permit semiquantita-
tive evaluation by use of the identically positioned VOI map.

The phantom studies were processed in an identical way. How-
ever, to gain full accuracy in the phantom scans, a special phantom
template was created. For this purpose, images of the first SPECT
measurement were coregistered to a CT scan of the phantom. The
coregistered image was adjusted to 2.0-mm isotropic voxel dimen-
sions and served as a template for the remaining studies. On the
basis of the CT scan of the phantom, a 3D VOI map with regions
for each striatum (1,409 voxels each) and a large occipital back-
ground region (8,624 voxels) in the remaining brain was drawn.
The sizes and shapes of all VOIs were comparable to those of the
standardized template used for the patient studies (striatum, 1,409
voxels; caudate, 524 voxels; putamen, 689 voxels; occipital refer-
ence, 8,588 voxels) (Fig. 2).

Comparison of Semiquantitative Results
The semiquantitative results were compared for the reconstruc-
tion techniques. For this purpose, the specific radiotracer binding

FIGURE 2. Mean template for healthy
controls (A and C) and corresponding 3D
VOI map (B) for semiquantitative evalua-
tion.
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ratios of the striatum, caudate, and putamen were calculated from
the mean counts per voxel with the occipital cortex serving as a
reference (specific binding in the striatum = [value for the stria-
tum — value for the occipital cortex reference]/value for the
occipital cortex reference). Because the underlying disease in
patients with parkinsonian syndromes often affects the caudate and
the putamen with different severities, the ratio of the specific
binding in the putamen to that in the caudate also was calculated.

Image Quality

To assess the quality of images obtained by the reconstruction
methods, all 50 scans were rated visually by 3 independent ob-
servers. For this purpose, a program was written to present the
scans reconstructed by FBP and by the iterative algorithm for each
patient side by side, in random order and unlabeled. Because the
OSEM algorithm lacks the typical streak reconstruction artifacts
known to appear outside the brain with FBP, it would have been
easy to visually distinguish between the images. So that the study
would be masked, all scans were presented to the observers with 2
different intensity threshold values: 30% to assess the striatal
structures and 10% to rate brain areas with nonspecific binding.
The observers were asked to answer 3 questions: “Which image
shows the best delineation of the striatum?”, “Which image allows
the best differentiation between the caudate and the putamen?”,
and “Which image shows the most homogeneity of the areas with
nonspecific binding?”. They were also permitted to state that there
was no visual difference between the images.

To objectively evaluate the homogeneity between the OSEM-
and FBP-reconstructed images, histograms of the counts per voxel
within the occipital reference region expressed as a percentage of
the mean counts per voxel were plotted exemplarily for a phantom
scan with different filter parameters.

Time Required for Processing of Individual Studies

The time needed to entirely process a subset of 10 randomly
selected patients with both methods was recorded. For the OSEM
reconstruction, the processing time on the computer system
(Hermes workstation with a 1.8-GHz Pentium 4 processor and 512
MB of RAM), including manual placement of attenuation correc-
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TABLE 1

Results of Visual Assessment by 3 Independent Observers of Studies Reconstructed with FBP and with OSEM

No. of scans (n = 50) showing:

Better delineation

Better differentiation of More homogeneous

of striatum caudate and putamen nonspecific binding
Observer OSEM FBP NV OSEM FBP NV OSEM FBP NV
1 49 1 0 22 1 27 50 0 0
2 37 2 11 20 1 29 49 1 0
3 44 2 4 19 0 31 49 1 0

NV = no visual difference between FBP and OSEM.

tion ellipses, was recorded. For the FBP reconstruction, the cor-
responding time was recorded on the Odyssey FX computer.

Statistics

Correlations between semiquantitative results of studies recon-
structed by both reconstruction algorithms were calculated by
linear regression analyses. For the regression analyses, the right
and the left striatal regions were included as separate datasets. To
quantify the accuracy of the regression curves, the R? values and
SEs of the slopes were determined. To further estimate the range
of deviations expected when the FBP reconstruction method was
replaced by the OSEM algorithm, the difference between the
semiquantitative results of both methods averaged over all scans
(d), the corresponding SD (s), and the limits of agreement d—2s
and d + 2s5) were calculated as proposed by Bland and Altman
(12). In addition, intraclass correlation coefficients (ICC) based on
a 2-way random model were determined, and a variation index was
defined as used for test-retest variation testing by Seibyl et al. (13):
variation index (%) = [absolute(FBP ratio — OSEM ratio) X
200%]/(FBP ratio + OSEM ratio).

Because the binding ratios evaluated by the iterative reconstruc-
tion method were lower than those obtained by the FBP recon-
struction method (as shown by a linear regression slope lower than
that of the line of equality), the semiquantitative results evaluated
by use of images with iterative reconstruction had to be corrected
to be directly comparable to those obtained by FBP reconstruction
and to calculate statistics. For this purpose, all binding ratios were
multiplied by the reciprocal slope of the regression curve.

OSEM
Butterworth 7* order
1.0 cycles/cm

FBP
Butterworth 5" order
0.6 cycles/cm

FBP
Butterworth 5% order
0.9 cycles/cm

In the phantom model, the semiquantitative results obtained
from images reconstructed by the OSEM algorithm were also
compared with the true ratios in the phantom determined by well
counter measurements.

All statistical analyses were performed with SPSS software
(SPSS Inc.).

RESULTS

Assessment of Image Quality

The results of the independent visual readings of all 50
patient scans by 3 observers are listed in Table 1. Figure 3
shows the effects of different filter parameters applied to
FBP-reconstructed images on the delineation of the striatal
structures and the homogeneity of the areas with nonspecific
binding in comparison with an OSEM-reconstructed image
with visually optimized filter parameters for a phantom
scan.

Comparison of Semiquantitative Results of
Reconstruction Methods

The correlations between specific binding ratios evalu-
ated from images reconstructed with the OSEM and FBP
algorithms in patient studies are summarized in Table 2.
Specific ratios calculated from the OSEM-reconstructed im-
ages were, on average, 6% lower than those calculated from
the FBP-reconstructed images. After correction for this

FIGURE 3. Example of differentiation be-
tween caudate and putamen in OSEM-re-
constructed images (A) and in images re-
constructed by FBP with various filter

FBP
Butterworth 5" order
1.0 cyclesicm

90% -45% 0%  46%  90% |90% -45% 45% 90% -00% 45% 0%  45% 90%

parameters (B) for phantom scan. Histo-
grams show activity distribution within oc-
cipital reference region expressed as per-
cent difference from mean counts per
voxel.

90% 45% 0% 45% 90%
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TABLE 2
Parameters of Linear Regression for Specific Binding Ratios from OSEM- and FBP-Reconstructed Images

Value for*:

Putamen-to-
Scans Parameter Striatum Caudate Putamen caudate ratiof
Phantom (n = 11%) R? 0.998
Slope + SE 0.88 + 0.01
ICC 0.978
Patient (n = 50) R? 0.999 0.998 0.998 0.996
Slope + SE 0.94 + 0.00 0.94 = 0.00 0.95 = 0.00 1.01 = 0.01
ICC 0.985 0.970 0.991 0.978
*All correlations were statistically significant at P < 0.001.
TRatio of specific binding in putamen to that in caudate.
*n = number of different activity concentrations in phantom.
finding, the mean difference between the specific binding DISCUSSION

ratios calculated from the OSEM- and FBP-reconstructed
images, the corresponding limits of agreement, and the
variation indices were determined (Table 3). The results of
the ICC analyses are in line with those obtained by the
Bland—Altman algorithm.

The ratios of the specific binding in the putamen to that in
the caudate, obtained by both methods of reconstruction,
were almost identical, with a slope of the regression line of
1.01.

The corresponding data in the phantom studies are shown
in Figure 4 and Table 2. The percent recovery, obtained by
comparing measured specific ratios with true ratios in the
phantom model, were 42% for the iterative reconstruction
technique and 48% for the FBP reconstruction technique.

Comparison of Processing Times

The mean processing time for the reconstruction, filter-
ing, and attenuation correction with the OSEM software
(averaged for a subset of 10 patient studies) was 6 min per
study. The same task for the FBP software took, on average,
6 min. For both reconstruction methods, the reconstruction
time was shorter than the time required to manually place
attenuation correction ellipses.

Numerous effects degrade image quality in DAT SPECT.
Many of them have their origins in imaging physics, that is,
tissue scatter and attenuation, statistical noise, depth depen-
dence of the point spread function, collimator blurring, and
restricted spatial and energy resolution. Low count statistics
further aggravate reconstruction problems. Until now, stud-
ies of the dopaminergic system have been reconstructed
mainly with the FBP algorithm, which is available on each
SPECT device. The algorithm tries to compensate for sta-
tistical noise with a variety of filter techniques (e.g., ramp
filter). However, the effectiveness is limited by coarse sam-
pled data and leads to streak artifacts that are easily recog-
nizable outside the scanned object but less easily recogniz-
able within the object examined. In addition, FBP cannot
account for the above-mentioned physical phenomena, re-
sulting in a loss of resolution and of image contrast.

As an alternative, a variety of iterative reconstruction
methods have been discussed in the literature (/4). These
include the simultaneous iterative reconstruction technique
(14), the algebraic reconstruction technique (/5), the max-
imum-likelihood expectation maximization algorithm (/16—
18), and the OSEM algorithm (8,10,19-21). These tech-

TABLE 3
Deviation Between Semiquantitative Measures of OSEM- and FBP-Reconstructed Images
Value for: Putamen-to-
Scans Parameter Striatum Caudate Putamen caudate ratio*
Phantom (n = 117) Mean difference = SD 0.05 = 0.17
Limits of agreement —0.30 to +0.40
Variation index * SD (%) 71 +53
Patient (n = 50) Mean difference = SD 0.00 = 0.06 0.00 = 0.09 0.00 = 0.06 0.00 = 0.04
Limits of agreement —0.12 to +0.12 —0.19 to +0.19 —0.12 to +0.12 —0.08 to +0.08
Variation index * SD (%) 33+27 4.3 + 3.1 45+ 3.5 51 =*=41

*Ratio of specific binding in putamen to that in caudate.
fn = number of different activity concentrations in phantom.
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FIGURE 4. Correlation graphs of specific
binding ratios obtained from images re-
constructed by FBP and OSEM algorithms
(A) in phantom model and correlation of
R OSEM-produced binding ratios with true
10 15 activity ratios (B) for phantom. Corre-
sponding regression line parameters are
shown in Table 2.

niques are able to minimize attenuation artifacts, improve
contrast and image resolution (8,79), and allow manage-
ment of noise propagation with an abundance of regulariza-
tion techniques. The process of iterative reconstruction can
be described briefly by 4 essential steps: forward projection
(simulated projections are calculated on the basis of the
assumptions of the imaged object by simulating SPECT
physics), comparison of measured and calculated projec-
tions, backprojection of the correction tendencies into the
object volume, and a final correction step. These steps may
be repeated several times to increase the reconstruction
accuracy, explaining the excessive computational power
demand of iterative reconstruction techniques and limiting
their routine use in the past. Another drawback of the
OSEM algorithm is its tendency to cause additional noise in
reconstructed images when too many iteration steps are
performed (22). The number of iterations and subsets has to
be chosen empirically to optimize the image quality. With
increasing processing power of computer systems and ac-
celerated processing algorithms such as OSEM (/0), the use
of iterative reconstruction has become more widespread.
However, there is still uncertainty about the impact of
replacement of the reconstruction algorithm on critical im-
aging conditions, for example, those in DAT imaging.

In our study, the HOSEM software was used as camera-
independent reconstruction software to reconstruct '>*I-FP-
CIT SPECT scans.

The evaluation of the image quality of all 50 patient scans
independently by 3 specialists in DAT SPECT showed
promising results. None of the scans showed the streak
artifacts known to appear with FBP, and all of the scans
were considered suitable for routine reading. In almost all
scans, the delineation of the striatal structures was improved
in OSEM-reconstructed images, according to all 3 observ-
ers. Many scans allowed better distinction between the
caudate and the putamen in patients with some activity
preserved in the putamen. In nearly all of the OSEM-
reconstructed images, there was more homogeneous non-
specific radiotracer accumulation in the occipital cortex,

FP-CIT ITERATIVE RECONSTRUCTION ¢ Koch et al.

compared with the results obtained with FBP reconstruc-
tion. The clinical importance of this improved differentia-
tion between the caudate and the putamen, however, re-
mains unclear and will have to be further examined. In
patients with early parkinsonian syndromes, a subtle loss of
putamen binding might be more easily recognizable if the
putamen is clearly distinguishable from the caudate. When
manual semiquantification methods are used, detailed dif-
ferentiation between the striatal subregions facilitates re-
gion-of-interest positioning and, as a result, might reduce
inter- and intraobserver variabilities.

One could argue that the better differentiation between
the caudate and the putamen in the OSEM-reconstructed
images could be the result of the optimized filtering param-
eters. In fact, increasing the cutoff value for the FBP low-
pass filter can enhance the distinction of striatal substruc-
tures in images reconstructed by FBP, as shown in Figure 3
for 1 of the phantom scans. However, this enhancement is
limited by a rapid decrease in the homogeneity of the
remaining brain in the phantom model, as depicted in the
count statistic histograms of the occipital reference region.
Whereas this phenomenon could be ignored in the occipital
cortex, which serves mainly as a reference region for semi-
quantification, it also affects areas of interest (such as the
opposite striatum in the phantom experiment), resulting in
poor diagnostic image quality.

Two observers remarked that, despite the improved de-
lineation of the striatal structures, the OSEM-reconstructed
images looked different from the FBP-reconstructed images
and attributed this finding to slightly lower contrast between
striatal activity and nonspecific binding. This finding could
be confirmed by the semiquantitative evaluation. An excel-
lent linear correlation of semiquantitative results (high R?
values and ICCs) could be shown for all regions with
identical slopes of the regression lines, but the binding ratios
obtained from OSEM studies were, on average, 6% lower
than those obtained from FBP studies. Not only the different
reconstruction algorithm but also the different filter param-
eters (23) most likely accounted for the lower semiquanti-
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tative results, because filter parameters were chosen to pro-
vide optimized diagnostic image quality and not to
maximize specific striatal binding ratios. The contours and
method of attenuation correction have comparatively minor
impacts on the semiquantitative results. Slightly lower bind-
ing ratios likely will not influence the diagnostic accuracy of
123]-FP-CIT imaging with high ratios of specific binding to
nonspecific binding; however, reference values need to be
adjusted when the reconstruction method in routine clinical
use is changed. The ratios of the specific binding in the
putamen to that in the caudate were directly comparable
between FBP and OSEM, because the counts per voxel in
the subregions of the caudate and the putamen were reduced
by the same factor. The visually improved delineation of the
caudate and the putamen also did not change the ratio of the
specific binding in the putamen to that in the caudate.

After correction of the specific binding ratios of the
OSEM-reconstructed images for the different regression
slopes, the OSEM-reconstructed images delivered striatal
binding ratios in the narrow range of 0.1 below to 0.1 above
those measured from FBP-reconstructed images. In the
smaller caudate subregion, the range of deviations was only
marginally higher. Because the literature reports consider-
ably larger differences in specific binding between patients
with and patients without neurodegeneration (average DAT
binding loss of 57% in the putamen, as shown by Tissingh
et al. (24)), the observed range of differences likely will not
lower the diagnostic power. In addition, the variation index
of the semiquantitative measures of both methods (3%) was
lower than the variability range of repeated scans observed
in test-retest studies (/3,25,26). Much of this variation
likely can be explained by the inherent intra- and interop-
erator variabilities of ellipse fitting for the attenuation cor-
rection process. An influence of VOI placement can be ruled
out entirely, because realignment and VOI placement were
performed automatically and are standardized for images
from both reconstruction methods (identical transformation
matrices). The BRASS software used for this purpose has
been shown to be clinically useful (/1,27). Furthermore, the
software has been proven to be reliable, reproducible, and
convenient (27-30).

One of the most challenging applications of DAT imag-
ing is the use as a possible surrogate marker in research
trials for monitoring disease progression and beneficial ef-
fects of potentially neuroprotective drugs (4,5,31-33). To
accurately determine DAT loss over time, specific binding
ratios should correlate linearly to true DAT density. Infor-
mation about true radiotracer binding can be derived only
from phantom studies. As shown in Figure 4, the correlation
of the specific ratios obtained from OSEM-reconstructed
images with the true ratios calculated from well counter
measurements as a reference was linear in the full range of
binding ratios observed in patient studies. The measured
specific ratios were lower than the true ratios. This “recov-
ery effect” was described previously, with similar values
being reported (34,35). Scatter, absorption, and partial-vol-
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ume effects (spatial resolution, region of interest, and lesion
size) are responsible factors (36).

Solutions for scatter (8,21,36,37) and partial-volume ef-
fects (38) have been described, but some of these methods
require either extensive phantom measurements for calibra-
tion or the acquisition of additional scatter windows. When
these corrections are applied, more accurate semiquantita-
tive ratios can be obtained (9). Unfortunately, the technical
requirements are often not met by commonly used camera
software. In addition, these techniques are complicated to
implement in routine clinical practice and thus are less
practical for routine clinical examinations; therefore, they
were omitted in our studies.

Our results are in line with the improved image quality
obtained with iterative reconstruction in a study by Van
Laere et al. (increased contrast and improved delineation
between gray matter and white matter), who used phantom
studies with 20'T1, 133Gd, and **™Tc (39). It has even been
postulated that iterative reconstruction narrows the gap in
image quality between SPECT and '8F-fluoro-L-dopa PET
studies (40).

CONCLUSION

The OSEM reconstruction algorithm is a valuable tool in
routine clinical '>I-FP-CIT SPECT scans of DAT. The
method provides image quality superior to that provided by
the FBP reconstruction algorithm, with improved delinea-
tion of the caudate and the putamen in many cases. The
semiquantitative specific binding ratios showed an excellent
correlation both with the ratios obtained from FBP recon-
structions and (in the phantom model) with the true ratios
within the scanned object.
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