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Abstract

Purpose: The quality of the image in SPECT scans depends on the imaging parameters which are determined
experimentally in the field of nuclear medicine. Designing a dedicated scanning parameter for *”’Lu-DOTATATE
SPECT images is required to optimize reconstruction. Therefore, this study aims to evaluate the effect of different
filters on image quality for bone SPECT scanning using Y"’Lu-DOTATATE.

Materials and Methods: The filtered back-projection reconstruction method was used in neuro-endocrine tumor
scanning using Y’Lu-DOTATATE. Three hours after injection of Y’’Lu-DOTATATE, SPECT scans from */’Lu-
DOTATATE for 30 patients were acquired using a dual-head EvoExel detector system. Seven parameters were
considered, including the contrast/noise ratio, injection activity, uptake duration, acquisition time per injection,
frame time, measuring time, and type of filters.

Results: In all cases, the application of different filters increased Contrast to Noise Ratio (CNR) (9.1%, 1.8%,
10.9%, 61.8%, 23.6%, 29.1%, and 58.2% for Wiener, Butterworth, Parzen, Metz, Ramp, Shepp-Logan, and
Hamming filters, respectively). The percentage of increase in Signal-to-Noise Ratio (SNR) was 3.3%, 1.7%, -
24%, 21.7%, 9.8%, 11.9%, and 20.6%.

Conclusion: Based on the quantitative analysis of the results, the application of the Metz filter (power 2) and
Hamming filter (with 0.27, 0.47, and 0.67 cut-off frequencies) on SPECT scans of neuro-endocrine tumors is
recommended because of their capacity to provide high-quality images.
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Computed Tomography Imaging.
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Effect of Filters on SPECT Imaging with 77Lu

1. Introduction

Single Photon Emission Computed Tomography
(SPECT) is to produce computer-generated images of
radiotracer absorption in the immediate environment
as a tomographic imaging. It enables the assessment
of disease processes using functional and metabolic
data from cells and organs [1]. In general, in addition
to two-dimensional (2D) images, for lesions that
cannot be commented with certainty by imaging the
whole body, SPECT images are also taken for
diagnosis with higher accuracy and precision from the
desired area in the body [1, 2]. Although SPECT
images provide three-dimensional information on the
distribution of radioactive material, they need to be
corrected for radiation attenuation and scattering
effects. On the other hand, these images contain few
anatomical details, and it is impossible to locate the
lesions accurately [3-5].

Previous studies have shown treatment with
7_utetium-labeled somatostatin analogs (*"’Lu-
dodecanete traacetic acid tyrosine-3-octreotate (*'’Lu-
DOTATATE)) for patients with neuroendocrine
tumors [6]. The SPECT scans are shown by a dual-
head, rotating, and variable-angle sodium-iodide
scintillation detector. The detectors can be placed in a
90° or a 180° position. Depending on the radiotracer,
SPECT acquisition needs a routine scanning time of
20-30 min [7, 8]. lterative approaches are used to
rebuild the SPECT image, which includes photon
attenuation correction based on the gamma-ray
transmission map and scatter correction [9, 10]. Since
the quality of vision in SPECT scans depends on the
imaging parameters that are determined experimentally
in the field of nuclear medicine, designing a reliable
scanning method for Y"Lu-DOTATATE/SPECT is
needed to diagnose several bone-related conditions
[11-15]. In this study, the aim is to evaluate the effect
of different filters on image quality for bone scanning
using ’Lu-DOTATATE SPECT.

2. Materials and Methods

2.1. Data Collection

SPECT studies were performed using a camera
fitted with collimators with Low Energy and High
Resolution (LEHR) detectors. Estimates of activity

2

were made at a single time period after "7Lu-
DOTATATE injection. All images were reconstructed
with a 15-iteration by the FBP algorithm. Attenuation
and collimator-detector response compensations were
implemented as reported in the literature [1].

2.2. Sample Size Calculation and Patient Selection

Based on the number of patients with inclusion
criteria, including demographic characteristics and
patient informed consent, sampling was performed by
the available sampling method and the number of
patients was determined based on previous studies in
this field. Considering alpha at 0.1, beta at 0.2, p at
0.05, and d at 0.014 with a confidence level of 95%,
using Equation 1, the required sample size was
estimated to be 30 patients.

Z a+Zi_g)*xp(l-—

n:( 2+ /;)2 p( p):30 1)

This retrospective study needs the patients' informed
consent. Necessary licenses and a code of ethics related
to the present research were obtained from the Research
Ethics Committee of Shahid Beheshti University of
Medical Sciences. SPECT scans of 30 patients were
collected from the Shohada-e-Tajrish Hospital. Three
hours after injection of ’Lu-DOTATATE, SPECT
scans were acquired using a dual-head EvoExel detector
system (Siemens Healthiness, Erlangen, Germany).
Projections were obtained during 20 minutes at 180
degrees using a parallel hole collimator.

2.3. Image Processing Toolbox

The Image Processing Toolbox (IPT) is a group of
functions that increases the capability of the MATLAB
numeric calculating environment. This option provides
a full-scale set of reference-standard algorithms and
programs for image processing, analysis, visualization,
and algorithm expansion. It also carries out image
segmentation, noise reduction, enhancement, image
filtering, filter designing, image restoration, image
reconstruction, image registration, geometric
transformations, and three-dimensional image
processing operations. In this study, MATLAB
software (MathWorks Inc., MA) was used to design
and apply various image filters. The scanner software
had the mentioned filters, but due to the high workload
of the software it was preferred to apply the filters in
MATLAB software environment.
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2.4. Image Acquisition

Patients received 100-200 mCi of !Lu
DOTATATE, and imaging was performed three hours
later. When the frontal or posterior whole-body scanning
was performed with twin-head cameras, a 256 x 1024
matrix with > 1.5 million counts was employed. SPECT
volumes are typically selected based on a visual
examination of the whole-body planar scan. Since the
study focuses on neuro-endocrine tumors, SPECT
imaging was performed on all patients with suspicious
planar lesions in the region of interest regardless of the
patient's diagnosis.

2.5. Filter Design

Different filters used in SPECT imaging may provide
optimal results in processed images in different ways,
for example, eliminating star artifacts, suppressing noise,
or increasing and restoring signal. The filter employed
for a certain image processing task is frequently a
compromise between the degree of noise reduction,
fine detail suppression, and contrast enhancement sought,
as well as the spatial frequency pattern of the underlying
image data.

2.6. Image Analysis

Filtered Back Projection (FBP) processed into SPECT
images using MATLAB software and also Fourier
transform of images in MATLAB were performed by
own write script code. Images were analyzed in the same
workstation.

After applying different filters to the images, Regions
of Interest (ROISs) in the tumor and in the background
were determined and the mean and standard deviation of
these two ROIs were obtained. Then, using Equations
2, 3, and 4, the desired parameters were obtained to
evaluate and compare the effect of different filters on
the images.

SNR == )

Where SNR refers to signal-to-noise ratio, ROI is
the mean region of interest value and ¢ is the standard
deviation of ROI values.

Contrast to Noise Ratio (CNR) was calculated by
the following Equation 3:
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Where ROI, is the mean region of interest value on
the tumor, ROl is the mean region of interest value on
the background which is outside the tumor but inside
the same organ, a is the standard deviation of ROI,
values and oy, is the standard deviation of ROl values.
Also, contrast was presented by (Equation 4):

CNR

ROI, — ROI,
Cont t = ——————
OmTast = por, + Rol, (4)

The resolution of the gamma camera is defined
in terms of Full Width at Half Maximum (FWHM)
measured from a point-source profile. To calculate
FWHM, a Gaussian function was fit to the point-source
profile and the resolution parameters using the full width
at percent maximum relation which is defined in
Equation 5.

FWHM = 2./-2 x In (2)c (5)

The resolution was calculated and the results were
reported using Equation 6.
X—p
f(x) = Ae™ " (6)
Where A is constant according to the normalizing
rules, u is the mean value of x;, and ¢ is the standard
deviation.

3. Results

3.1. Calculation of Resolution

The resolution of the gamma camera is defined in
terms of FWHM measured from a point-source profile.
An image of a point source, as shown in Figure 1 (part a),
was taken to calculate the resolution and Modulation
Transfer Function (MTF) of the imaging system. The
profiles obtained from the point source image are shown
in Figure 1 (part b). A Gaussian function was fitted to
the obtained profiles for the calculation of resolution
is shown in Figure 1 (part c).

After designing different filters and applying them
to the point source image, the results of the effect of
different filters on the resolution were evaluated. These
results are listed in Table 1.
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Figure 1. Image of a point source which is taken by gamma camera (a). Profiles obtained by column-wise and
row-wise summations of the left image (b). Gaussian function fitted to the profile in the X-direction (c)

Table 1. Parameters of the Gaussian function and the resolution and related fitting accuracy of the Gaussian function

Parameters X-Direction Y-Direction
A 1.83 x 10* 1.89x10*
1] 20.71 23.33
o 2.50 2.43
FWHM (mm) 20.50 19.98
SSE 8.55x10° 8.89x10°
. R-square 0.99 0.99
Goodness of fit .
Adjusted R-square 0.99 0.99
Root mean square error (RMSE) 148.11 142.23
3.2. Calculation of Modulation Transfer Function
(MTF) o
For the purpose of validation of the point source e 0
definition, the MTF was calculated. The Fourier “é 5o
transform of the Point Spread Function (PSF) of the a
point source for calculation of the MTF of the system 10
was obtained, which is shown in Figure 2. mﬁ
The results for calculating FWHM after applying %0 o1 Th?z 03 04 05
different filters to the point source profile are listed in Frequency

Table 2.

Figure 2. The magnitudes of the fast Fourier transform
(MTF) of the point source

Table 2. FWHM values after applying different filters

Filter type Resolution-X Resolution-Y
None 20.50 19.98
Wiener 20.62 20.03
Butterworth (power=2) 20.57 20.02
Parzen 16.14 15.86
Metz (power=2) 22.93 22.37
Ramp 2151 20.98
Shepp-Logan 21.74 21.20
Hamming 22.80 22.24
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3.3. Image Quality Analysis

After applying different filters to the images, regions
of interest (ROISs) in the lesion and in the background
were drawn, and the mean and standard deviation of
these two ROIs were obtained (Figure 3). Then, the
image quality parameters were obtained to evaluate
and compare the effect of various filters on the images.
The results of CNR, contrast and SNR are presented
in Figures 4, 5 and 6, respectively.

Figure 3. Selected ROIs in the lesion and in the background

As aresult, the contrast, CNR, and SNR values for each
filter were determined. However, each filter type has a
wide range of CNR, contrast, and SNR values owing to
the variable combination of filter settings utilized. To
determine the filter's overall capability (in terms of CNR,
contrast, and SNR production), the mean CNR, mean
contrast, and mean SNR were determined. The optimal
filter for qualitative and quantitative analysis was selected
to have the maximum of mean CNR, contrast, and
SNR. The results of the effect of different filters on the
image quality parameters are listed in Table 3.
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Figure 4. Mean CNR values for different filters
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Figure 5. Mean contrast values for different filters
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Figure 6. Mean SNR values for different filters
4. Discussion

Digital filtering of SPECT images is accomplished
by choosing a window function from a list of one-
dimension filters to employ in reconstruction, examining
the generated image slices. Then this process was
repeated with a new window function if the results were
unsatisfactory. The two-dimension image restoration
algorithms discussed in this study adapt spontaneously
to the image being processed, obviating the need for
repetitive reconstructions. They have been demonstrated
to significantly improve image contrast and reduce
noise levels compared to Ramp filter reconstructions,
all at the expense of a minor increase in execution time
when an array processor is utilized. The improvement
occurs because the filters modify the frequency and
noise components in the image of the object.

As a result, noise develops, which may obstruct the
identification of minor lesions. This fact should be
considered anytime when digital filtering is employed,
and filters should be designed to minimize the risk of

5
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Table 3. Effect of different filters on image quality parameters

Filter type Mean CNR £ SD Mean contrast+ SD Mean SNR + SD
None 0.55+0.07 1.00 £ 0.00 9.18+1.32
Wiener 0.60 £ 0.03 0.99 + 0.0001 9.48+1.16
Cut-off frequency = 0.27 0.5+0.05 0.98 + 15.31 E-06 8.63+0.92
Butterworth (power =2)  Cut-off frequency = 0.47 0.56 £ 0.09 1.00 £ 7.42E-06 934124
Cut-off frequency = 0.67 0.35+0.13 0.89 +23.12 E-06 8.65+1.36
Cut-off frequency = 0.27 0.33+0.21 0.85 + 8.28E-06 5.88+0.98
Butterworth (power =4)  Cut-off frequency = 0.47 0.41+0.01 1.00 £ 4.14E-06 6.33£0.84
Cut-off frequency = 0.67 0.55+£0.13 1.32 + 6.32E-06 6.11+1.32
Cut-off frequency = 0.27 0.36 £0.08 1.12 + 5.5E-06 6.12 £ 0.59
Butterworth (power =6)  Cut-off frequency = 0.47 0.26 £ 0.05 1.00 £ 2.65E-06 5.14+0.64
Cut-off frequency = 0.67 0.32+£0.08 1.32 + 6.54E-06 5.83+0.51
Cut-off frequency = 0.27 0.60£0.11 0.99£0.03 6.98 £ 0.12
Parzen Cut-off frequency = 0.47 0.62 £ 0.05 1.02£0.01 7.2+1.28
Cut-off frequency = 0.67 0.61+0.12 1.08 £0.13 8.12+2.11
Metz (power=2) 0.89 £ 0.07 0.97 £0.09 11.17+£1.25
Metz (power=4) 0.74+0.18 0.81+0.87 9.54 +0.85
Cut-off frequency = 0.27 0.48 £0.02 0.91+0.07 9.11+0.97
Ramp Cut-off frequency = 0.47 0.68 +0.01 0.94 £ 0.09 10.08 £1.13
Cut-off frequency = 0.67 0.61+0.03 0.98+0.11 9.98 +1.01
Cut-off frequency = 0.27 0.81+0.13 0.85+0.61 9.81+3.13
Shepp-Logan Cut-off frequency = 0.47 0.71+0.04 0.96 + 0.07 10.27 £1.29
Cut-off frequency = 0.67 0.75+0.01 0.85+0.12 9.85+1.23
Cut-off frequency = 0.27 0.71+0.02 0.92+0.04 10.45 +£0.92
Hamming Cut-off frequency = 0.47 0.87 £0.02 0.97 £ 0.08 11.07+1.14
Cut-off frequency = 0.67 0.88 + 0.03 0.95+0.06 10.95 £ 1.05

this danger. The choice between pre-reconstruction
and post-reconstruction filtering of SPECT studies is
not entirely clear, as it is illustrated in Table 3. Pre-
reconstruction filtering is favorable for the following
reasons. First, the noise power spectrum of the planar
image is more accessible to estimate the SPECT images.
Second, with 2D pre-reconstruction filtering, the value
delivered to the back-projector is calculated at each
position, there for a more significant statistical sampling
is employed (i.e., the whole data set is filtered, not only
one slice). This is critical since SPECT imaging is
photon-limited, and the extra information in adjacent
slice scans aids in noise reduction and contrast
enhancement. Third, the blurring of nuclear medicine

6

images is 2D. Hence, techniques for 2D resolution
recovery should be used to preprocess the data. This,
together with the higher statistical sample size, enables
the back-projector to receive more accurate input data,
resulting in enhanced SPECT images. Finally, for
reconstructing slices with an oblique angle from
transverse slices, pre-reconstruction filtering with a
2D symmetric filter produces an image with an isotropic
point response [16]. It was verified that for a given
spatial location, the FWHM varies only about 1 mm in
any direction for the images reconstructed by these
filters. There are additionally other advantages, for
post-reconstruction filtering. One benefit of post-
reconstruction processing for resolution recovery is

FBT, Vol. 12, No. 1 (Winter 2025) 1-8
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that spatial resolution (and MTF) fluctuates less across
a given tomographic slice than in planar images as a
function of distance from the collimator face. This
justifies the usage of a single MTF with deconvolution.

Additionally, only the slices that have been
reassembled must be processed. This is of little
consequence when an array processor is utilized to
decrease execution time, but when a minicomputer is
used alone, the time savings are possibly considerable.
It is tough to choose between Wiener and count-
dependent Metz filtering. The Wiener filter has an
excellent theoretical base and adjusts the image’s noise
level, object power spectrum, and image blurring (system
MTF). Although the count-dependent Metz filter, as
constructed, responds exclusively to changes in noise
level, it does have a speed advantage over the Wiener
filter due to its simplicity. No discernible difference
was seen in image quality with clinical images when
any of these approaches were used to filter the SPECT
scans. This is possibly a result of the minor variance
in object power spectra for many clinical nuclear
medicine images compared to the variation produced
by various total counts, or it is possibly because both
filters are optimized by minimizing the MSE.

Based on the data in Table 3, the Metz filter (power
2) and the Hamming filter (with 0.27, 0.47, and 0.67
cut-off frequencies) have higher values for CNR,
contrast, and SNR. Therefore, based on the quantitative
analysis of the results, the application of the Metz filter
(power 2) and the Hamming filter (with 0.27, 0.47, and
0.67 cut-off frequencies) on SPECT scans of neuro-
endocrine tumors is recommended due to their capacity
to provide high-quality images.

Actually, there are various image reconstruction
algorithms in nuclear medicine (such as Ordered Subset
Expectation Maximization (OSEM) [14, 15, 17]
and Maximum-Likelihood Expectation-Maximization
(MLEM) [18-19]). On the other hand, the FBP algorithm
is more often used in whole-body scanning in Shohada-
e-Tajrish Hospital and this was used in this study. This
is a limitation of the present study and a comparison
between the results from the FBP algorithm and OSEM
and MLEM algorithms can be a subject for future
research.
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5. Conclusion

Based on the quantitative analysis of the results, the
application of Metz filter (power 2) and the Hamming
filter (with 0.27, 0.47, and 0.67 cut-off frequencies) on
SPECT scans of neuro-endocrine tumors is recommended
because of their capacity to provide high-quality images.
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