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ABSTRACT

Objective

The aim of this study was to evaluate the effects of the acquisition rotation speed and the rotation time
for continuous repetitive rotation acquisition (CRRA) on image quality and quantification in %I-FP-CIT
SPECT.

Methods

An anthropomorphic striatal phantom filled with 2| solution was acquired with CRRA and the step-and-
shoot (SS) mode. The following combinations of acquisition rotation speed and rotation time for CRRA
were used: 0.50 rpm by 30 frames, 0.17 rpm by 10 frames, 0.10 rpm by 6 frames, and 0.05 rpm by 3 frames.
SPECT images were reconstructed using the ordered-subset expectation maximization with resolution
recovery, scatter, and CT-based attenuation correction. Two kinds of image processing patterns—image
reconstruction after the addition of projection data (the added projection data process) and image addition
after data reconstruction (the added reconstructed image process)—were investigated in this study. The
effects of the acquisition parameters and the image processes were evaluated by the full width at half
maximum (FWHM), percent coefficient of variation (%CV), and specific binding ratio (SBR).

Results

With FWHM, there were no clear differences between CRRA images obtained with the various rotation
speeds pre-rotation and the SS mode. Although the combination of a slow rotation speed and short
rotation time improved image uniformity compared with the SS mode, the %CV obtained by CRRA
increased as the rotation speed increased. The %CVs were 11.9 + 0.9% for 0.50 rpm by 10 frames, 6.9
0.9% for 0.05 rpm by 3 frames, and 9.6 + 0.5% for SS mode. SBRs obtained by CRRA with the added

projection data process were equal to those obtained by SS mode. However, SBRs obtained with the added
3



reconstructed image process were clearly decreased compared with the SS mode.
Conclusions
The combination of rotation speed and rotation times affects the image quality and quantification of 123|-

FP-CIT SPECT using CRRA. When CRRA is applied in *?3I-FP-CIT SPECT, it is necessary to use added projection

data processes and proper rotation speeds (e.g., 0.10 - 0.17 rpm rotation speed).
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INTRODUCTION

Dopamine transporter single-photon emission computed tomography (DAT-SPECT) using !*3|-N-
omega-fluoropropyl-2beta-carbomethoxy-3beta-(4-iodophenyl)nortropane (*2I-FP-CIT) has been widely
used for diagnosis and follow-up of Parkinson’s disease and dementia with Lewy bodies (1-6). For image
acquisition, guidelines and the Quantitative Imaging Biomarkers Alliance on DAT-SPECT have typically
recommended the use of step-and-shoot (SS) mode acquisition (7-9). Alternatively, continuous mode
acquisition can be used to shorten the total scan time. The continuous mode has higher sensitivity than
the SS mode because events are acquired during the entire camera rotation. Also, it can reduce the system
dead time. In particular, continuous repetitive rotation acquisition (CRRA) as a dynamic SPECT can be
performed to better assess tracer clearance and patient motion (10-12). Patient motion is often included
in the acquisition data because it is difficult for patients with Parkinson's disease to keep their head within
the head holder without causing them stress. With dynamic SPECT, if significant motion is included in the
acquisition frames, these frames are specifically excluded from the image reconstruction process. In
addition, for CRRA, because the projection data is completely acquired in a rotation time, SPECT image can
be generated (however, will affect image quality), even if an examination has not been completed still.
Therefore, dynamic SPECT acquisition may be useful for DAT-SPECT. However, the acquisition parameters
such as rotation speed and rotation time have not yet been sufficiently investigated.

In dynamic SPECT acquisition, the final projection data for image reconstruction is created by the
addition of each acquisition frame at the same angle. Because the detected counts in SPECT are
independently Poisson distributed, the noise level does not have a linear relationship with the acquisition
time. Therefore, even if the total acquisition time is equal, the reconstructed image quality may be affected

by the combination of the rotation speed and the rotation time (e.g., 0.50 rpm by 30 frames or 0.10 rpm
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by 6 frames). Thus, the purpose of this study was to validate the effects of rotation speed and rotation time
for continuous repetitive data acquisition with 23-FP-CIT SPECT. Using an anthropomorphic striatal
phantom, we evaluated the image quality and quantification results of 2I-FP-CIT SPECT obtained with

several combinations of acquisition rotation speed and rotation time.

MATERIALS AND METHODS
SPECT/CT Instrument and Phantoms

All experimental data were acquired with a dual-head SPECT/CT camera (Infinia 8 Hawkeye 4, GE
Healthcare, Chicago, IL) equipped with a low-energy, high-resolution collimator. This system has 2.54 cm
(1 in.) crystals and a spatial resolution of 8.1 mm at 140.5 keV and 10 cm from the collimator. The CT
component was a low-dose multi-slice CT system. For the analysis, we used a striatal phantom (NMP
Business Support Co., Ltd., Hyogo, Japan). The striatum and background of the phantom were filled with
123 solution (*231-FP-CIT) that had an approximate 8:4:1 radioactivity ratio (right striatum, 61.4 kBg/mL; left

striatum, 30.7 kBg/mL; background, 7.9 kBg/mL).

Date Acquisition

All projection data were obtained in continuous repetitive data acquisition mode with rotation
through 60 projections per head and a circular orbit of 360°. The pixel size was 2.95 mm with a 128 x 128
matrix (scale for enlargement, 1.5) and the radius of rotation was set at 14 cm. A photo-peak of 23| was
set as a 20% energy window centered at 159 keV. A sub-window to correct the dual-energy window scatter
was set at a 10% energy window centered at 130 keV. Total acquisition time was 30 min with several

rotation speeds and several rotation times in the following combinations: 0.50 rpm by 30 frames, 0.17 rpm
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by 10 frames, 0.10 rpm by 6 frames, and 0.05 rpm by 3 frames. A SPECT image obtained in SS mode (3-
degree arc per step and 30 s/view) was defined as the reference image. A low-dose CT scan was performed

using the following parameters: 120 kV, 2.5 mA, and 1.9 pitch values.

Image Reconstruction

All SPECT images were reconstructed using the ordered-subset expectation maximization with
resolution recovery, scatter, and CT-based attenuation correction. The reconstruction parameters were 10
subsets and 2 iterations. The images were reconstructed by post-processing with a Butterworth filter (cut-
off frequency, 0.48 cycles/cm; power factor, 10) and a dual-energy window method was used for scatter
correction. Two image processing patterns were compared in this study (Fig. 1). The first approach involved
image reconstruction with the addition of projection data (the added projection data process). The second

approach involved image addition after data reconstruction (the added reconstructed image process).

Data Analysis

To investigate the effect of acquisition parameters, the effective spatial resolution and percent
coefficient of variation (%CV) were calculated. Effective spatial resolution was evaluated by the full width
at half maximum (FWHM) at the striatum (Fig. 2a). For calculation of FWHM, a capillary point source
phantom would be preferred. However, we used the anthroposophic striatal phantom because the aim
was to evaluate the effective spatial resolution in 2-FP-CIT image. In addition, we placed the elliptical
background volume of interest (VOI) with a 25-cm? area on the occipital region of the phantom (Fig. 2b).

The %CVs of the background were calculated as follows:



SD,
%CV = — x 100%
Cp

where Cp is the mean count in the background VOI and SDy is the standard deviation of the background
area based on the variance in individual voxels within the VOI. We assessed the quantitative index accuracy
by measuring the specific binding ratio (SBR) on the phantom images. For the SBR calculation, we used
DaTView™ (AZE, Tokyo, Japan), developed on the basis of the Southampton method (13). This method is a
semi-automated analysis composed of three features: manual placement of the whole striatal volume of
interest (VOI), automated creation of the reference VOI, and calculation of the SBR. First, the whole striatal
VOI was set on the summed images oriented in the orbitomeatal plane. Second, the reference VOI for the
estimation of the non-specific count was set on the whole brain with exclusion of the striatum. Finally, the

SBR was calculated as follows:

where Vs is the standard volume of the striatum (11.2 mL), Ctyo is the total count in the striatal VOI, C; is
the count concentration in the reference VOI, and Vo, is the volume of the striatal VOI.

In addition, the difference value was calculated as follows:

SBRgs — SBR
Difference value = 55 CRRA % 100 (%)
SBRgs

where SBRss is obtained using the SS mode and SBRcrra is derived from CRRA with each acquisition pattern
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and image process.

Statistical Analysis
The %CVs were compared using the Bonferroni/Dunn test. Differences were considered to be

statistically significant at p values less than 0.05.

RESULTS
FWHM

The FWHMs obtained by each acquisition and processing approach are shown in Fig. 3. There were
no clear differences between the CRRA obtained with the two processing approaches and the SS mode.
However, with the added reconstructed image process, the FWHMs tended to be slightly higher in CRRA

than in the SS mode (Fig. 3b).

%CV

Comparisons of the %CV with each acquisition and processing approach are shown in Fig. 4. For the
added projection data process, although the combination of a slow rotation speed and short rotation time
improved the image uniformity compared with the SS mode, the %CV obtained by CRRA increased when
the rotation speed increased. With the added reconstructed image process, the %CVs were not significantly
different between CRRA and the SS mode. However, for the added projection data, %CV obtained with 0.50
rpm rotation speed was significantly higher than the SS mode and other CRRA (Fig. 4a). In contrast, the %CV

obtained with the 0.05 rpm by 3 frame process was significantly decreased compared with the SS mode.
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The %CVs were 11.9 £ 0.9% for 0.05 rpm by 10 frames, 8.7 £ 0.5% for 0.17 rpm by 10 frames, 8.5 + 1.0%

for 0.10 rpm by 6 frames, 6.9 £ 0.9% for 0.10 rpm by 3 frames, and 9.6 + 0.5% for the SS mode.

SBR

SBRs plotted as a function of the acquisition strategies are shown in Fig. 5. The SBRs obtained by CRRA
with the added projection data process were equivalent to those obtained with the SS mode. However, the
SBRs obtained with the added reconstructed image process were clearly decreased compared with the SS
mode. The difference values in each acquisition mode are summarized in Table 1. The mean difference
value between CRRA with the added projection data process and the SS mode was 6.3% (maximum, 11.3%;
minimum, 4.0%). With the added reconstructed image process and the SS mode, there was a greater mean
difference at 15.3% (maximum, 19.5%; minimum, 9.9%). The SPECT images obtained by CRRA and the SS
mode are shown in Fig. 6. Visual assessment of the striatal detail was essentially identical for each
acquisition strategy. However, the uniformity of the background area decreased with the use of shorter

acquisition times per rotation, especially when reconstructed after the addition of projection data (Fig. 6a).

DISCUSSION

CRRA as a dynamic SPECT has several advantages over the SS mode in SPECT imaging. However, image
noise exponentially decreases with increases in the number of counts, and as a result, for a constant
injected dose and fixed level of uptake with all else being equal, noise decreases exponentially with
increased acquisition time. Therefore, the acquisition parameters of CRRA affect the image quality of SPECT
images. In this study, we assessed the relationship between the acquisition rotation speed and the image

quality of SPECT for added projection/reconstructed data. The acquisition rotation speed significantly
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affected SPECT image uniformity, especially when using a fast rotation speed and long rotation time.

In DAT-SPECT, the spatial resolution is an important factor because it can reduce underestimation of
the putaminal uptake due to the partial volume effect (14). Our results showed that the FWHMSs were not
clearly different between CRRA and the SS mode with both processing approaches. Cao et al. (15) reported
that the image quality of CRRA was similar to that of the SS mode. In addition, Kangai et al. (16) showed
that the FWHM obtained with an optimal sampling step angle is not different between CRRA and the SS
mode. Our results agree with those of the previous studies and indicate that CRRA is appropriate for 123
FP-CIT SPECT imaging.

The %CV obtained by CRRA was superior to that obtained with the SS mode. Bieszk et al. (17) showed
that the continuous acquisition mode could increase the counting efficiency. For this reason, we considered
that CRRA improved the image uniformity over that obtained with the SS mode. However, a combination
of a fast rotation speed and increased rotation time reduced the image uniformity, especially when the
projection data were added. In general, there is a trade-off between image noise and acquisition time (18).
Because a fast rotation speed increased the image noise, the image uniformity with the added projection
data process was significantly decreased with a fast rotation speed and increased rotation time. Therefore,
CRRA using a fast rotation speed and increased rotation time adversely affects 23|-FP-CIT SPECT imaging.
In contrast, with the added reconstructed image process, the %CVs were not significantly different among
the rotation speed and rotation time. In addition, the %CVs obtained with CRRA were equivalent to those
obtained with the SS mode. The Butterworth filter plays a role in noise reduction during image
reconstruction and, for this reason, the %CV obtained with the added reconstructed image process did not
affect the rotation speed or rotation time. However, we believe that it is difficult for the added

reconstruction image process to take full advantage of the capabilities of CRRA.
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The SBRs were not clearly different between CRRA and the SS mode. However, the SBRs obtained with
the added reconstructed image process were clearly decreased in comparison with the SS mode. According
to the FWHM results, the Effective spatial resolution with the added reconstructed image process was
lower than that of the added projection data process. Indeed, striatal uptake is underestimated due to the
limited spatial resolution of SPECT (19). Because the spatial resolution is a key factor for improving
quantitative accuracy (20), we suggest that the added projection data process be performed for CRRA to
improve image quality in 123|-FP-CIT SPECT.

CRRA can exclude acquisition frames with significant patient motion from the image reconstruction
process. From this point of view, the most appropriate acquisition parameter of CRRA is a fast rotation
speed and increased rotation time. However, we found that CRRA with a fast rotation speed was associated
with lower 12|-FP-CIT SPECT image quality. Therefore, for good clinical practice, it is important to minimize
the risk of motion while ensuring patient comfort. If SPECT acquisition is performed using CRRA, we
recommend a 0.10-0.17 rpm rotation speed, considering image quality and quantification and the ability
to account for patient motion.

There are several limitations associated with this study. We examined only one of the commercially
available SPECT/CT devices and collimators. In particular, low-energy collimators affect the quantitation of
1231_FP-CIT images due to increased septal penetration of the high-energy emission 12| (21). Further studies
are needed using several SPECT/CT scanners and collimators designed specifically for 23| SPECT. Low
update number depending on manufacturer recommendations was used because the aim was simply to
evaluate the effect of the rotation speed and the rotation time. However, 60-to-80 or more updates are
needed to approach convergence for small objects (22). Further examinations are needed to clarify this

question. In addition, this study only involved phantom research and our results might hold best when the
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distribution of radioactivity is relatively fixed. Image acquisition protocols should be evaluated in at least
one normal and one abnormal patient. Therefore, it is necessary to evaluate the effect of CRRA in clinical

examinations.

CONCLUSIONS

In summary, we found that a combination of the rotation speed and rotation times affect the image
quality of 123|-FP-CIT SPECT using CRRA. Our results show CRRA outperforms SS mode if the rotation speed
is at least 0.17 rpm and each frame is reconstructed independently prior to summing. If CRRA is used for
1231_FP-CIT SPECT, to take full advantage of CRRA, it is necessary to use added projection data processes and

a proper rotation speed.
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Fig. 1 Process of image reconstruction from acquisition data. Reconstructed images were generated by two
kinds of processes: an added projection data process and an added reconstructed image process. SC:

scatter correction, AC; attenuation correction, RR: resolution recovery.
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Fig. 3 Comparison of full width at half maximum (FWHM) results: (a) added projection data process, and
(b) added reconstructed image process. The results were not clearly different among CRRA images acquired

with each rotation parameter and the step-and-shoot mode.
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Fig. 4 Percent coefficient of variation (%CV): (a) added projection data process, and (b) added
reconstruction image process in which images were summed after each frame was reconstructed in an
independent process. The %CV obtained by CRRA with the added projection data process increased with
an increase in the acquisition rotation speed. *p<0.05 versus the step-and-shoot mode and CRRA, #p<0.05

versus other CRRA approaches.
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Fig. 5 Specific binding ratio (SBR) comparison: (a) added projection data process, and (b) added

reconstructed image process. The SBR did not change with an increase in the acquisition rotation speed

with the added projection data process. However, the SBR obtained by CRRA with the added reconstructed

image process was lower than that obtained with the step-and-shoot mode.
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Fig. 6 Reconstructed images of the striatal phantom using CRRA and the step-and-shoot mode: (a) added
projection data process and (b) added reconstructed image process. The uniformity of the background area

decreased with a faster rotation speed.
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Table 1 Difference values in the specific binding ratio between CRRA and the step-and-shoot mode.

0.50 rpm 0.17 rpm 0.10 rpm 0.05 rpm
Mean
x 30 rot x 10 rot x 6 rot x 3 rot
Between CRRA with added projection
5.2 4.0 11.3 5.0 6.3
data process and SS mode
Between CRRA with added reconstructed
9.9 19.5 15.8 16.1 15.3

image process and SS mode

CRRA, continuous repetitive rotation acquisition; rot, rotations; SS, step-and-shoot mode
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