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ABSTRACT

Myocardial SPECT is one of the techniques that provide high diagnostic accuracy for
the assessment of coronary artery disease. However, in general, the presence of
Compton scattered photons in the resulting image data will reduce the diagnostic
accuracy. This undesirable effect is even more significant in heart thorax-linked
analysis compared to other regions with a more homogenous volume. In this study,
the use of physical filter was proposed to reduce the undesirable scattered gamma
photons. In this context, the scattered gamma photons were absorbed by the filter
before they reach the gamma camera detector. Initially, a selection of the types and
thickness of the filter materials based on a theoretical calculation was done. They were
then incorporated into the basic procedures of Planar and SPECT imaging, and finally
to Myocardial SPECT imaging, where a Tc-99m radionuclide was used. In
Myocardial SPECT imaging procedure, an anthropomorphic torso (heart/thorax)
phantom was used. The image reconstruction procedure was based on filtered back
projection. Chang’s attenuation correction method was used. The image quality was
analyzed qualitatively and quantitatively. In Tc-99m spectra test, a decrease in the
ratio of scattered to non-scattered photon for the whole spectra was observed for all
types of the physical filters examined. However, the reduction in photopeak region
was only recorded by Zn 0.2 mm filters. The physical filters were also found to
improve system’s spatial resolution, but the uniformity of the tomographic image was
unchanged, and the system volume sensitivity was reduced to 16% for Cu and 4% for
Zn filter. 1t was found that Zn 0.2 mm reduced the scatter in Myocardial SPECT
imaging, where a clear separation between the liver and heart was observed. A
significant improvement in contrast (10.98%) and signal-to-noise ratio of myocardial
wall to defect areas (12.68%) was achieved with the use of Zn 0.2 mm material filter.
Thus, it is concluded that the use of Zn 0.2 mm material filter has the potential to
enhance the image quality in clinical SPECT imaging. However, clinical trials of this
technique are required prior to its use in patient studies.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF THE STUDY

The presence of scattered gamma photons in planar and single photon emission
computed tomographic (SPECT) imaging procedures hamper accuracy of
interpretation and quantification of image (Niu & Yang, 2011). There are two types of
scattered photons: Compton and coherent. However, in the range of nuclear medicine
energy, Compton scattering is more dominant compared to coherent scattering
(Cherry, Sorenson & Phelps, 2012). Generally, Compton scattering forms when
incoming photons interact with an individual electron and the electron absorbs only
part of the energy from the photon. The rest of the energy from the photon that was
not absorbed by the electron remains in a secondary photon, which is considered to be
the Compton scattered. Its energy is reduced and the direction of movement changes.
However, if the scattered photon still has enough energy, the process may be repeated.
During imaging, distortion of the image may be possible as photons seem in a
different location in the body (Nguyen, Truong, Morvidone & Zaidi, 2012).

The probability of this process to occur depends very strongly on the atomic
number and density of the medium. In Myocardial SPECT imaging it is further
complicated by the anatomical structure and properties of non-uniform attenuation in
the chest area. Anatomically, the chest area is composed of various layers and
structures. The heart is primarily enclosed by soft tissues, then is surrounded by the
lungs. The lungs, in turn, are surrounded by the sternum, spine, and ribs, and another

layer of soft tissue and skin. According to Tsui, Zhao, Frey and McCartney (1994),



photons with energy of 140 keV originating from inside the body can be attenuated by
as much as 25% before being detected by the gamma camera. In addition, the
International Atomic Energy Agency (IAEA) Human Health Series No 6 (2009),
reported that due to the limited resolution of the system, about 40% scatter of the total
counts in a cardiac study is still being recorded in a primary photopeak energy
window.

Moreover, in cardiac SPECT imaging, the production of scattered photons
degrade the qualitative and quantitative aspects of the image, which eventually reduce
the diagnostic sensitivity for coronary artery disease (CAD). High quality of the
tomographic image is considered to be a requirement for an accurate clinical diagnosis
(Lyra, Ploussi, Rouchota & Synefia, 2014). Consequently, many manufacturers and
researchers provide software technology in an attempt to develop scatter correction
methods that could increase image quality. These attempts can be generally divided
into two categories: a subtraction-based scatter compensation method and a
reconstruction-based scatter compensation method. However, these two scatter
correction methods have many drawbacks and not feasible to be implemented in
clinical practice.

In this study, the scattered correction method was applied using a physical
filter. It was developed from a suitable material to reduce the number of scattered
photons passing through the collimator and detected by scintillation detector. At this
juncture, it is presumed that the scattered photons would be absorbed by the physical
filter before they interact with scintillation crystal. The performance of the material
filters was evaluated qualitatively and quantitatively. Planar and SPECT procedures

on a number of parameters, such as spatial resolution, sensitivity, and uniformity,



were also tested. The selected physical filter was also implemented for SPECT

Myocardial Imaging using Heart/Thorax Phantom.

1.2 STATEMENT OF THE PROBLEM

Ideally gamma photons emitting from the object should be detected from the
originating source by a scintillation detector. However, in reality, the occurrence of
gamma photon attenuation by absorption and the scattered photons within a patient’s
body cannot be denied. The heart thorax has various attenuating properties. Therefore,
some of gamma photons may not be detected by the gamma camera detector. The
problem worsens when the scattered photons deviate from the place of origin of the
radioactive source and interacts with the scintillation crystal detector. In addition, the
inability of gamma camera to efficiently discriminate between the scattered gamma
photons and primary photons make the problem more complicated and contributes to
the reduction of image quality (Cherry et al., 2012).

To overcome this limitation, many scatter correction (SC) techniques have
been developed and various degrees of success of this scatter correction application
have been reported. However, most of the SC techniques have not received
widespread acceptance in routine clinical practice due to the computational cost and
patient specificity (Hutton, Buvat & Beekman, 2011). For these reasons, a new
and simple technique of scatter correction which efficiently reduces the scattering

effect is needed to improve image quality.

1.3 PURPOSE OF THE STUDY

The improvement of image quality by implementation of various existing scatter

correction methods for planar and SPECT imaging cannot be denied. Several studies



based on phantom experiments demonstrated that scatter correction improved lesion
detectability in planar images (Buvat et al., 1998) and also increased contrast-to-noise
ratios in SPECT images (Xiao et al., 2006). In gated cardiac SPECT imaging studies,
Niu and Yang (2011) showed the correction for degrading factors such as spatial
resolution, attenuation, scatter, and patient motion which can lead to improved image
quality. Therefore, in terms of impact on clinical investigations, it decreased the
number of false-positive diagnoses of viable myocardium (Harel et al., 2001). The
advantages of scatter correction also benefit in brain studies where the contrast
improvement can be significant mainly based on relatively simple approaches (lida et
al., 1998, Kado et al., 2001, Shidahara et al., 2002).

To retain improvement in health of people and enabling better outcomes,
researcher continues to bring solutions into the field of nuclear medicine for the
enhancement of image quality. One of the solutions is to form a good quality image
in the collection of more gamma photons in image data from emitted radiation. It can
be achieved by a choice of radionuclide that delivers a much higher radiation dose.
Restrictions on the amount of radio-pharmaceutical that can be administered to a
patient add more noise signals in the projections and the limit of spatial resolution of
the gamma-camera which results in blurring of the image. In case of myocardial
SPECT imaging, TI-201 delivers a much higher radiation dose per study than for a Tc-
99m. However, the choice of radionuclide shoud be justified because it may affect
patient radiation dose.

This research sought to improve image quality by reducing scattered photons
using a physical filter. Materials used for construction of physical filters were selected
based on theoretical calculations using a linear attenuation coefficient. In the study, a

physical filter was mounted on the outer surface of collimator of a gamma camera.
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Therefore, generally, scattered photons emitted from the patient’s body were
preferentially removed before reaching the surface of the detector of the gamma
camera. In this study, the terms of scattered photons refer to Compton scattered
photons that were produced by the interaction of gamma photons of injected Tc-99m
activity in the thorax phantom.

Several parameters of image quality in planar and SPECT imaging were tested
using physical filters. One of the selected physical filters was used for myocardial
SPECT imaging. Furthermore, the study focused on improvement of image quality in
Tc-99m Myocardial SPECT Imaging. Generally, cardiac images were analyzed
qualitatively and quantitavely in terms of contrast, SNR and the boundaries between
the myocardial wall and heart. As stated by Kojima, Matsumoto and Mutsumasa
(1991), scattered photons may have several negative effects on image quality, such as
reducing the contrast in the image, decreasing the image resolution, as well as
increasing the noise.

If physical filters prove their effectiveness in improving image quality, this
would be a great discovery and provide a significant contribution in planar and
SPECT imaging specific to myocardial perfusion SPECT imaging. Indeed, this
finding of SC also has an added value compared to the existing SC in terms of cost
and practicality for clinical application. This discovery can provide a solution to

problems related to degradation in image quality.



1.4 RESEARCH OBJECTIVES

1.4.1 General Objective

The objective of this study is to use a physical filter as a new scatter reduction method
to improve image contrast, by reducing the negative effects of scattered gamma

photons on an image.

1.4.2 Specific Objectives

1. To find suitable or potential materials for construction of physical filters
for Tc-99m SPECT myocardial study.

2. To study the effects of physical filters on spatial resolution, uniformity and
sensitivity of the gamma camera on planar and SPECT imaging.

3. To determine the boundaries of liver in a Heart/Thorax Phantom study
with Tc-99m radionuclide with and without physical filter.

4. To measure the signal to-noise-ratio (SNR) and contrast of myocardial to

defect areas.

1.5 SIGNIFICANCE OF THE STUDY

In nuclear medicine, it is important to achieve the highest quality of images in planar
and SPECT. For clinical practices, planar imaging is more critical with the presence of
other organs that reduce the contrast by the overlapping images. Therefore, the high
quality tomographic imaging is considered to be a requirement and is essential for
accurate clinical diagnosis (Bahnamir, 2015; Lyra et al., 2014; Khalil, Brown &
Heller, 2004).

Reduction in image quality contributes to the false diagnosis that results from

the misinterpretation of the image, and consequentially, false diagnosis could cause



further mistakes in treating the patient and management error could result in death
(Wu, Mainprize, Boone & Yaffe, 2009; Yao & Leszczynski, 2008; Singh, Bateman,
Case & Heller, 2007; Burrell & MacDonald, 2006). As stated by Graber (2013),
annually, approximately 10% to 15% (40,000 to 80,000) cases of deaths in United
State hospitals are related to incorrect diagnose. Therefore, accurate diagnoses using
high quality images can help physicians to provide effective treatment and to prevent
common mistakes in cardiac imaging either false positive or false negative (Jaarsma,
Leiner, Bekkers, Crijns, Wildberger, Nagel, Nelemans, & Schalla 2013; Li, Li, Shi &
Zhang, 2012; Singh et al., 2007). A false negative is a test result that indicates a
person does not have a disease or condition when the person actually has it. A false-
positive test result indicates that a person has a specific disease or condition when the
person actually does not have it. As stated by many American Heart Association

studies, false-positives may lead to additional diagnostic tests that are not required.

Enhancing the image quality not only decreases false diagnosis, but can also
reduce the burden of Cardiovascular Disease (CVD). The meaning of burden here is
not limited to expenditure, but also to the exposure of radiation to patients and
workers through repetition of diagnostic procedures (Jennifer, 2011). Einstein,
Weiner, Bernheim, Kulon, Bokhari, Johnson, Moses, and Balter (2010) stated that it is
not uncommon that patients have to undergo multiple rounds of Myocardial Perfusion
Imaging (MPI) testing or other procedures. Another study by Eisten (2012) showed
that when typical effective doses are used, SPECT imaging shows the highest
effective dose compared to all the cardiac imaging procedures. The primary concern
about ionizing radiation from MPI relates to the contribution of stochastic effects and

potential risk of the development of cancer. Thus, the improvement of image quality



can also be considered to be part of the effort to reduce dosages, improve and optimise
procedures, and to potentially reduce the exposure to radiation (Maiello, 2010).
Besides the high exposure of radiation to the patient, reduction of image
quality also has relevance to the burden of health care expenditures. As mentiond by
Jennifer (2011) DePuey (1994) DePuey and Garcia (1989), the expenditure in CVD
involves direct (e.g. drugs and medication, physician visits, hospitalisations, and
rehabilitation services) and indirect costs (e.g.short and long term disability). For all
of the above justifications, planar and SPECT imaging nuclear medicine should find a
solution to improve image quality, and it can indirectly compete with other alternative
imaging methods. Thus, it will survive and continue to provide highly valuable

clinical and investigational data to the entire medical community.

1.6 CHAPTER SUMMARY

This thesis consists of seven chapters. Chapter 1 has five parts. The first part presents
the background of the study to this thesis, the second part is a statement of the
problem, third is the purpose of the study followed by research objectives and
significance of the thesis and the last part explains how the thesis is organised.
Chapter 2 provides the literature review about CVD and the development
process of CAD. In this chapter, a brief overview of the gamma camera, the SPECT
camera regarding its performance characteristics, as well as the acquisition parameters
and reconstruction algorithms needed for emission and transmission imaging are
presented. Limitations in SPECT imaging are generally discussed in this chapter,
including the limitations to be solved in this study. All the parameters for the image
quality for the basic planar imaging and myocardial perfusion imaging were also

described in Chapter 2.



