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Concerns towards high radiation dose and cancer risk from Computed
Tomography Pulmonary Angiography (CTPA) examinations have prompted
efforts to develop a novel optimization while preserving CT image diagnostic
performance. Hence, this study aims to evaluate the radiation dose, cancer risk
and image diagnostic performance of CTPA examination regarding primary and
secondary optimization such as iterative reconstruction (IR) algorithm, tube
potential and pitch factor selection. The first phase of this thesis begins with the
establishment of a local Diagnostic Reference Levels (DRL) with respect to
image quality together with evaluation of organ dose and cancer risk. 127
subjects (55 men and 72 women) with an age range from 18 to 88 years old who
were suspected of having PE and underwent CTPA examination were recruited.
Dose descriptors such as volume-weighted CT Dose Index (CTDlval), Size-
Specific Dose Estimates (SSDE), Dose Length Product (DLP) and effective dose
(E) were recorded and analyzed together with noise as the image quality. Body
sizes of the subjects were categorized based on their effective diameter (ED)
length and divided into three groups: P1 (19-24 cm), P2 (24-29 cm), and P3
(29-34) cm. There is a significant difference in local DRL values and between
body sizes (p < 0.05) while noise is not significantly different between body sizes
(p > 0.05). Organ dose and cancer risk were estimated by the CT-EXPO (Ver
2.5.1, Germany) and recommendation from the International Commission on
Radiological Protection Publication (ICRP) 103 report respectively according to
the primary beam. In one million CTPA examinations, the risk of cancer in breast,
lung and liver organs was 0.009%, 0.007%, and 0.005%, respectively.

The second phase focuses on the diagnostic performance assessment. Different
levels of IR algorithms were applied in routine CTPA and several modified tube
potentials. The value of signal and noise were defined by placing the circular



region of interest (ROI) on the main pulmonary artery (MPA), right pulmonary
artery (RPA), left pulmonary artery (LPA), ascending aorta (AA), and descending
aorta (DA). The performance of each protocol was presented as Signal to Noise
Ratio (SNR), Contrast to Noise Ratio (CNR) and Figure of Merit (FOM). CNR
and FOM performed significantly better when IR algorithm levels were increased,
tube potential was reduced, and if patients had smaller body sizes (p < 0.05)
while fluctuation trends were observed in SNR. The last phase of this thesis
covers the assessment of diagnostic performance by a CATPHAN 600 phantom
with primary and secondary optimization. The phantom was scanned with CTPA
local protocol using different tube potentials and pitch factors. Images obtained
were reconstructed with the IR algorithm (levels 3, 4 and 5). Diagnostic
performance was quantified objectively by imQuest software (version 7.1, Duke
University, USA). Noise power spectrum (NPS), target transfer function (TTF),
CNR and SNR were evaluated concerning the optimization setting. It was found
that the CNR value was increased while NPS was degraded by increasing IR
levels. Noise value reduction has significantly achieved the increase of tube
potential although there are no changes in TTF values. The alteration of pitch
factor provides some fluctuation pattern of both NPS and TTF values. Future
research could be carried out with different types of examinations, scanner
models and substantive phantoms to expand these assessment methods
proposed in this study. It is also recommended to extend a subjective diagnostic
performance measurement to increase the reliability of the objective
measurement attained. The study discovered a novel finding of the
characterization of radiation dose, cancer risk and diagnostic performance with
a different type of quantitative measurement for local CTPA examination.
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Kebimbangan terhadap dos sinaran yang tinggi dan risiko kanser dari
pemeriksaan Tomografi Berkomputer Angiografi Pulmonari (CTPA) telah
mendorong usaha untuk membangunkan pengoptimuman baru bagi
mengekalkan prestasi diagnostik imej CT. Oleh itu, kajian ini bertujuan untuk
menilai dos sinaran, risiko kanser dan prestasi imej diagnostik bagi pemeriksaan
CTPA mengenai faktor primer dan sekunder seperti algoritma pembinaan
semula lelaran (IR), potensi tiub dan pemilihan faktor nada. Fasa pertama tesis
ini bermula dengan membangunkan tahap rujukan diagnostik (DRL) tempatan
berkenaan dengan kualiti imej serta penilaian dos organ dan risiko kanser. 127
subjek (55 lelaki dan 72 perempuan) dalam julat umur 18 hingga 88 tahun yang
disyaki mempunyai PE dan menjalani pemeriksaan CTPA direkrut. Deskriptor
dos seperti indeks dos CT berwajaran volum (CTDlwi), anggaran dos
berdasarkan saiz khusus (SSDE), hasil darab panjang dos (DLP), dos efektif (E)
direkod dan dianalisa serta hingar sebagai kualiti imej. Saiz badan subjek
dikategori berdasarkan kepada panjang diameter efektif (ED) dan dibahagikan
kepada tiga kumpulan: P1 (19-24 cm), P2 (24-29 cm), and P3 (29-34) cm.
Terdapat perbezaan yang signifikan dalam DRL tempatan dan antara saiz badan
(p < 0.05) manakala hingar tidak mempunyai perbezaan yang signifikan antara
saiz badan (p > 0.05). Dos organ dan risiko kanser dianggarkan masing-masing
melalui perisian CT-EXPO (Ver 2.5.1, Germany) dan perakuan daripada
Laporan Suruhanjaya Antarabangsa bagi Penerbitan Perlindungan Radiologi
(ICRP) ke-103 berdasarkan kepada alur primer. Dalam satu juta pemeriksaan
CTPA, risiko kanser bagi organ payudara, paru-paru dan hati masing-masing
sebanyak 0.009%, 0.007%, and 0.005%.



Fasa kedua memfokuskan pada penilaian prestasi diagnostik. Tahap algoritma
IR yang berbeza digunakan dalam CTPA rutin dan beberapa modifikasi protokol.
Nilai isyarat dan hingar ditentukan dengan meletakan rantau yang dikehendaki
(ROI) berbentuk bulat pada pulmonari arteri utama (MPA), pulmonari arteri
kanan (RPA), pulmonari arteri kiri (LPA), aorta menaik (AA) dan aorta menurun
(DA). Prestasi setiap protokol ditunjukkan sebagai nisbah isyarat kepada hingar
(SNR), nisbah kontras kepada hingar (CNR) dan angka berguna (FOM). CNR
dan FOM menunjukkan prestasi yang lebih baik apabila tahap algoritma IR
meningkat, potensi tiub menurun dan jika pesakit mempunyai saiz badan yang
lebih kecil (p < 0.05) manakala trend berubah-ubah diperhatikan pada SNR.
Fasa terakhir tesis ini merangkumi penilaian prestasi diagnostik oleh fantom
(CATPHAN 600) dengan pengoptimuman primer dan sekunder. Fantom ini
diimbas dengan protokol CTPA tempatan menggunakan potensi tiub dan faktor
nada yang berbeza. Gambar terhasil dibina semula dengan tiga tahap algoritma
IR yang berbeza (tahap 3,4 dan 5). Prestasi diagnostik ditentukan secara objektif
menggunakan perisian imQuest, (versi 7.1, Universiti Duke, Amerika Syarikat).
Spektrum kuasa hingar (NPS) dan fungsi pemindahan sasaran (TTF), CNR dan
SNR dinilai telah dinilai berkenaan tetapan pengoptimuman. Didapati bahawa
nilai CNR meningkat manakala NPS terjejas dengan meningkatnya tahap IR.
Penurunan nilai hingar dicapai secara signifikan bagi peningkatan potensi tiub
walaubagaimanapun tiada perubahan pada nilai TTF. Perubahan pada faktor
nada menghasilkan trend berubah-ubah bagi nilai NPS dan TTF. Kajian masa
depan boleh dijalankan pelbagai jenis pemeriksaan, model pengimbas dan
fantom yang substantif untuk mengembangkan kaedah penilaian yang
dicadangkan dalam kajian ini. la juga disyorkan untuk melanjutkan pengukuran
prestasi diagnostik subjektif untuk meningkatkan kebolehpercayaan pengukuran
objektif yang dicapai. Kajian ini menghasilkan penemuan baru mengenai ciri-Ciri
dos sinaran, risiko kanser dan prestasi diagnostik dengan jenis pengukuran
kuantitatif yang berbeza untuk pemeriksaan CTPA tempatan.
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CHAPTER 1

INTRODUCTION

1.1 Research Background

The discovery of X-rays in 1895 ushered in a new era in medicine that aids the
visualization of the human body without the need for painful or life-threatening
operations. Because of its capability, the discovery was acknowledged almost
immediately and accepted as a modern treatment diagnostic technique.
Computed tomography (CT) examination is a promising imaging tool that uses a
device to generate three-dimensional (3D) images that are important for
screening, diagnosis, therapy, and patient care management. Figure 1.1
illustrated the first CT Scanner introduced by Godfrey Hounsfield in 1973, which
consisted of a rudimentary scanner gantry and control console. It has now
become one of the most popular tools in diagnostic imaging, with 221 million CT
exams conducted worldwide each year, with the number continuously growing
(UNSCEAR, 2010).

Figure 1.1: lllustration of old CT—canner gantry (left) nd control console
(right) (Hounsfield, 1973)

CT Pulmonary Angiography (CTPA) is one of the CT imaging techniques that
enable the visualization of pulmonary arteries to enable diagnosis and treatment
of Pulmonary Embolism (PE) as illustrated in Figure 1.2. PE is a condition when
a clot blockage inside the pulmonary arteries interrupts the circulation of the
blood in a respiratory system (Heit et al., 2000). PE is considered a significant
health condition associated with high mortality and requires rapid and accurate
diagnosis, particularly in patients at high risk. Through the advancement of CT
technology, more than 90% of acceptable PE detection can be achieved and
demands of the CTPA examination are steadily growing.



- ,
Figure 1.2: A CT-images of 64-year-old man with pulmonary embolism
(Hu et al., 2017)

In 2001, the International Commission on Radiological Protection (ICRP) raised
an alarm, stating that the use of CT was growing and that the dose exposure
from CT examinations was higher than from other imaging modalities (Foley et
al., 2012). In concerned with ionizing radiation, the ICRP was the first to discuss
radiation safety principles. In 1990, and later mentioned in 1996, the International
Commission on Radiological Protection (ICRP) issued a document that defined
two crucial components for the principal in medicine, which is justification and
radiology examination optimizations. Justification implies that the necessity of
ionizing radiation is a benefit of the patient exceeds any potential harm.
Optimization means that radiation exposure is optimized for clinical purposes of
the exam which is the ionizing radiation needed is essential for clinical purposes
(Kanal et al. 2017).

According to National Council on Radiation Protection and Measurements
(NCRP), radiological examination by using CT-Scan caused to significantly
higher collective effective dose (E) is estimated to account for up to 63% of the
total as shown in Figure 1.3 (NCRP, 2019). Hence, it is useful to examine the
cause of the higher dose contribution of CT scan examination and currently
several studies investigating the different types of X-ray modalities that
contribute to the different radiation dose levels (Rehani et al. 2012). The
requirement of optimization in specific scan protocols is needed to implement an
appropriate As Low As Reasonably Achievable (ALARA) principle. The dose
exposure level was customize based on patient age or size, region of imaging
and clinical indication to assure the dose exposure to the patient are put as
reasonably low without compromising diagnostic quality for all clinical purpose
of radiological examination especially CT examination.



There are obvious tradeoffs between dose exposure and image quality with
parameter adjustability to reduce dose exposure. It is very subjective when
explained about the diagnostically accepted in radiological examination that is
dependent on the clinical task involved. For example, by reducing the tube
currentin CT-Scan examination, the radiation dose is also reduced but increases
the noise of the image by 1.41 or 41% by reducing half of it. This will lead to
inadequate low contrast resolution performance. By increasing the speed of the
table or pitch factor, can also reduce the dose exposure but can degrade the z-
axis resolution and the scan length become over-ranging from the planned image
boundaries. Meanwhile, reducing tube potential in the examination to reduce
dose exposure may contribute to the beam hardening artifact in the CT images
especially in the lowest tube potential available in CT scanner (exp: 80
kilovoltage peak (kVp)) (McNitt-Gray, 2006).

Percent of collective effective dose Percent of collective effective dose
from diffe for 2006 from different modalities for 2016

Fluoroscopy

0.1

The number of CT exams
increased 20% from 2006 to 2016,
however, the overall dose

per CT procedure was
essentially unchanged.

W

Figure 1.3: The collective effective dose found to increase significantly
from 2006 to 2016 for CT examination (NCRP, 2019)

CT image quality is essential for high-quality diagnostics to provide beneficial
reporting of patient conditions. The CT scan emits a constant X-ray continuum
along the x-y axis in rotating mode along the z-axis during scan acquisition and
provides a homogeneous distribution of X-ray radiation in human tissues.
Technical developments offering novel imaging facilities, a reduction of exposure
and improved image qualities have resulted in greatly increased use of CT
systems as seen in Figure 1.4. The optimization of a CT examination is achieved
when image quality enables the clinical question to be answered while keeping
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low dose exposure towards the patient (Hart et al. 2008). This goal is, however,
difficult to apply in practice due to a wide range of parameters dependent such
as acquisition time, temporal resolution, and energy resolution when dealing with
kV optimization or spectral CT imaging, and other factors. While image quality
has always been a concern for the physical community, the quality of the
clinically acceptable image has become more of an issue as a strategy to reduce
radiation dose to a greater focus.

Diagnostic image quality cannot be fully assessed without the knowledge of the
anatomical area of interest and pathology to be searched for. Due to that, many
different anatomical phantoms have been developed, such as cardiac, liver,
lung, thorax phantoms, among others (Karim et al. 2016a). These are having
different in texture, density, size, and complexity. The reconstruction kernel is a
feature that is capable to cater the variation of human body tissue. It is defined
as the image processing filter applied to the raw data to yield a final scan image
(Sauter et al. 2018). The sharpness of the final image is more strongly influenced
by the type of filter used, often known as the soft and sharp kernel. A soft
convolution kernel can smooth edges and minimize image noise, which is useful
in obese patients where the signal-to-noise ratio (SNR) can be reduced due to
adipose tissue attenuation. Sharp convolution kernels improve edges at the
expense of increased overall image noise, which can obscure certain visual
information (Ministry of Health, 2013). The kernel setting selection may be
different based on specific clinical indications and diagnostic requirements. For
instance, a soft kernel is typically used in brain checks or liver tumors
assessment to reduce noise and increase low contrast detectability (LCD), while
sharp kernels are commonly used in exams to obtain higher spatial resolution
such as lung examination and assess the structure of concrete bones.

The Three Phases of CT Image Formation

DigitallAnalog

Scan Image Conversion
and R thiicti and
Data Acquisition b Lot b o Display Control

Major Protocol Factors

Strawts

Figure 1.4: Three phases of CT image formation with comp'ensation
between dose exposure and image quality (“Safety of CT Scan,” 2016)
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The noise in CT images may increase in some conditions or examinations using
thinner slice thickness or high spatial frequency filters with all variables kept
constant. To achieve better images, it should eliminate noise by increasing tube
current, resulting in higher radiation exposure to the patient (Goo, 2012).
Different clinical tasks have different requirements for image quality such as high,
medium and low signal-to-noise task is required for solid nodule detection in the
lung, ruling out bleeds in the brain and kidney lesion detection, respectively
(McNitt-Gray, 2006). When moving from axial scanning to helical scanning to
multi-detector helical scanning, the consideration of slice thickness selection of
the reconstructed image becomes much more intricate and complicated. This
thesis is focusing on the width of the reconstructed slice in the helical scanning
and the factors that may affect it, which may include collimation beam X-ray
(especially in a single CT slice scanner), the width of the detector (especially in
multi CT-detector scanner), helical / table helical speed and helical interpolation
algorithm. For some manufacturers’ multi-detector scanners, the reconstructed
slice thickness is independent of table speed; this is because of the interpolation
algorithm used (McNitt-Gray, 2006).

1.2 Problem Statement

CTPA promotes excellent diagnostic accuracy in the diagnosis of PE, but it
includes a high dose exposure of up to 2 mSv of E, which raises the risk of
radiation-induced cancer in populations (Halid et al., 2018; Leithner et al., 2018).
Since the use of CT is increasing and there is a lack of justification among
practitioners, it is essential to optimize CTPA examinations by establishing
Diagnostic References Level (DRL) (Vaié et al., 2017). The DRL is widely
established by various countries and institutions as a baseline of the radiation
dose administered to the patient, but it does not take into account factors that
affect the DRL value, such as scanner type, patient size, and clinical indication.
It is essential to develop a meaningful DRL concerning the above factors to
ensure a positive CT examination optimization strategy. As highlighted by the
ICRP, the association of DRL of patients with image quality is significant (Vafio
et al,, 2017). For image quality descriptors, it will be necessary to identify
benchmarks such as spatial resolution, noise spectra, and contrast with other
dose metrics, such as Dose-Length Product (DLP), Size-Specific Dose
Estimates (SSDE), organ dose and E (Ria et al., 2019; Vafé et al., 2017).
Previous research provides an assessment of estimating cancer risk for various
types of CT examination however it is only tailored to a general population
exposure rather than to an individual patient (Lahham et al., 2018; Halid et al.,
2018; Karim et al., 2017; (Saltybaeva et al., 2016). Instead, the organ dose and
cancer risk are appropriately assessed while subjects or body characteristics are
taken into account. Both assessments varied in different conditions, dependency
on age, sex and population studied (Muhammad et al., 2019; Karim et al., 2017;
Sarma et al., 2012).

Sauter et al., (2018) and Dane et al., (2018) suggest that optimization in CT
examination such as alteration of tube potential, IR algorithm and patient habitus
are needed by compensation between radiation dose and image quality. It has
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been reported that diagnostically accepted image quality of CTPA can be
achieved by decreasing the tube potential of 100 kVp or even as low as 80 kVp,
and dose reduction strategy also accomplished (Dane et al., 2018; Sauter et al.,
2018). However, an inappropriate selection of tube potential can cause noisy
images, especially for an obese patient. Thus, the degradation of image quality
led to a false-negative diagnosis of PE in CTPA examination. Previous studies
have found a strong relationship between dose exposure and image quality
concerning the Body Mass Index (BMI) as a patient size metric (Kim et al., 2018;
Megyeri et al., 2015; Szucs-Farkas et al., 2014). However, the impact of an
effective diameter as a patient size metric and tube potential concerning both the
above parameters has not been evaluated so far in CTPA.

A heterogeneous tissue element on real patients limits the task-based
assessment of image quality that only selected metrics can be defined (Lahham
et al., 2018). For instance, spatial domain measurement in real patients depends
solely on the manipulation of a pixel, such as signal to noise ratio (SNR), a
contrast to noise ratio (CNR), which has become inadequate indicators of
diagnostic performance. Instead, a phantom serving as a substitute for real
patients is constructed using various modules that enable to cater an accurate
quality metrics such as frequency domain analysis which is greatly dependent
on noise fluctuation and edge enhancement in distinct spatial frequencies
(Greffier et al., 2020). Several studies focus on the task-based assessment of
CT by different scanner types and dose exposure without considering specific
CT examination protocols. Their findings may not portray the absolute
characterization of the image quality which is not suited to apply with a specific
protocol, scanning type and clinical indications. Figure 1.5 shows schematically
the research framework and issues to resolve from the study. It is intended to
provide information on the issues of current dosimetry and diagnostic quality in
CT examination. In the future, this thesis could also be used as the first step of
baseline information on the recent situation of CT optimization in Malaysia.
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1.3 Research Question

The aim of the study was to answer certain research questions which are:

1. What is the value of local DRL and image quality references level
compare to other countries in CTPA?

2. What is the radiation-induced risk from CTPA examination in
subjects characteristic?

3. What is the effects of the the IR algorithm, tube potential and patient
habitus on diagnostic performance in retrospective patients?

4. What is the relationship of selected primary and secondary
optimization with the diagnostic performance by a simulated
phantom?

1.4 Research Objective

1.4.1 General Objective

The present study aims to evaluate the radiation dose, cancer risk and image
quality performance of CT Pulmonary Angiography Examination in regards to
primary and secondary factors such as IR reconstruction, tube potential and pitch
factor selection.

1.4.2 Specific Objective

1. To determine and establish local DRL with regard to image quality
references level and compared with CTPA practices in other
countries.

2. To evaluate the radiation-induced risk from CTPA examination

based on the subjects characteristic.

3. To assess the effects of the IR algorithm, tube potential and patient
habitus on diagnostic performance in retrospective patients by
establishing the FOM index.

4. To determine the relationship of selected primary and secondary
optimization with the diagnostic performance by a simulated
phantom.



15 Significant Contribution of Study

DRLs are frequently used in various countries and clinical institutions for
diagnostic purposes. With image quality reference levels becoming essential as
a guideline for clinicians to perform CT examinations with a balance of diagnostic
performance and dose exposure. Previous research has successfully evaluated
the cancer risk in a variety of CT examinations and scanner types, despite solely
relying on the dose exposure and not the patient's characteristics. In terms of
cancer risk assessment, this study wants to emphasize the importance of
calculating the risk based on the patient's age and gender to accurately estimate
the cancer risk. Image quality assessment was not widely implemented in clinical
institutions, particularly in Malaysia. This study attempts to establish a baseline
or technique of image quality assessment that can be used in clinical practice to
attain CT optimization.

1.6 Thesis Outline

This thesis is divided into five chapters. The first chapter discusses the research
background, problem statement, research objective, and thesis outline. It
provides a summary of the research topic and the importance of the study.
Chapter 2 includes information from prior work on literature relevant to X-ray
fundamentals, CTPA procedure, radiation dose and image quality descriptor,
and optimization strategy for both radiation dose and image quality. The
remaining subtopics include detailed explanations of the theory, concept, and
formula used in the present study.

Chapter 3 presents the instruments and tools employed in this research and
experimental flows includes of the radiation dose, cancer risk and image quality
evaluation following the research objective. Chapter 4, focused on a result
obtained for local DRL evaluation, radiation dose and cancer risk of the CTPA
examination. The image quality evaluation by the retrospective image of patients
and phantom was explored based on the effect of IR levels, tube potential, pitch
factor and patient sizes. In addition, the detailed discussion regarding the new
finding of this study was compared with the previous works. The last chapter
(Chapter 5) concludes the main results produced in this research and some
suggestions for future research.



REFERENCES

AAPM Task Group 233. (2019). Performance Evaluation of Computed
Tomography Systems. Virgina. AAPM.

Abadi, E., Sanders, J., & Samei, E. (2017). Patient-specific quantification of
image quality: An automated technique for measuring the distribution of
organ Hounsfield units in clinical chest CT images. Medical Physics, 44(9),
4736-4746.

Abuzaid, M. M., Elshami, W., Noorajan, Z., Khayal, S., & Sulieman, A. (2020).
Assessment of the professional practice knowledge of computed
tomography preceptors. European Journal of Radiology Open, 7(January),
100216.

Afadzi, M., Foss4, K., Andersen, H. K., Aalgkken, T. M., & Martinsen, A. C. T.
(2020). Image Quality Measured From Ultra-Low Dose Chest Computed
Tomography Examination Protocols Using 6 Different Iterative
Reconstructions From 4 Vendors, a Phantom Study. Journal of Computer
Assisted Tomography, 44(1), 95-101.

Agarwal, A. (2014). Simulation Studies of Recombination Kinetics and Spin
Dynamics in Radiation Chemistry. Springer Theses. Retrieved from
http://www.springer.com/de/book/9783319062716

Alobeidi, H., Alshamari, M., Widell, J., Eriksson, T., & Lidén, M. (2020).
Minimizing contrast media dose in CT pulmonary angiography with high-
pitch technique. The British Journal of Radiology, 93(1111), 20190995.

Alsleem, H. A., & Almohiy, H. M. (2020). The Feasibility of Contrast-to-Noise
Ratio on Measurements to Evaluate CT Image Quality in Terms of Low-
Contrast Detailed Detectability. Medical Sciences, 8(3), 26.

Anam, C., Haryanto, F., Widitar, R., Arif, ., & Dougherty, G. (2017). The
Evaluation of the Effective Diameter Calculation and its Impact on the Size-
Specific Dose Estimate. Atom Indonesia, 43(1), 55.

Anam, Choirul, Haryanto, F., Widita, R., Arif, I., & Dougherty, G. (2017). The
size-specific dose estimate (SSDE) for truncated computed tomography
images. Radiation Protection Dosimetry, 175(3), 313—-320.

Andersen, H. K., Vélgyes, D., & Martinsen, A. C. T. (2018). Image quality with
iterative reconstruction techniques in CT of the lungs—A phantom study.
European Journal of Radiology Open, 5(October 2017), 35-40.

113



Ang, W. C., Hashim, S., Khalis, M., Karim, A., Ashiqin, N., & Salehhon, N. (2017).
Adaptive iterative dose reduction ( AIDR ) 3D in low dose CT abdomen-
pelvic : Effects on image quality and radiation exposure. Journal of Physics:
Conference Series, 012006(August), 1-2.

Archibong, B. (2018). Eliciting Patient Cooperation in Paediatric Radiography
with Inducement Devices, (January 2015), 7-13.

Aroua, A., Samara, E.-T., Bochud, F. O., Meuli, R., & Verdun, F. R. (2013).
Exposure of the Swiss population to computed tomography. BMC Medical
Imaging, 13, 22.

Birch, R., & Marshall, M. (1979). Computation of bremsstrahlung X-ray spectra
and comparison with spectra measured with a Ge(Li) detector. Physics in
Medicine and Biology, 24(3), 505-517.

Blum, A., Gervaise, A., & Teixeira, P. (2015). Iterative reconstruction: Why, how
and when? Diagnostic and Interventional Imaging, 96(5), 421-422.

Boedeker, K. L., Cooper, V. N., & McNitt-Gray, M. F. (2007). Application of the
noise power spectrum in modern diagnostic MDCT: Part I. Measurement
of noise power spectra and noise equivalent quanta. Physics in Medicine
and Biology, 52(14), 4027—-4046.

Booij, R., Dijkshoorn, M. L., & van Straten, M. (2017). Efficacy of a dynamic
collimator for overranging dose reduction in a second- and third-generation
dual source CT scanner. European Radiology, 27(9), 3618-3624.

Boone J, Strauss K, C. D. et al. (2011). AAPM report No. 204: size-specific dose
estimates (SSDE) in pediatric and adult body CT examinations. College
Park, MD: AAPM.

Boone, J. M., Brink, J. A., Edyvean, S., Huda, W., Leitz, W., & McCollough, C.
H. (2012). Radiation dose and image-quality assessment in computed
tomography. Journal of the ICRU, 12(1), 9-149.

Boos, J., Lanzman, R. S., Aissa, J., Schleich, C., Thomas, C., Sawicki, L. M., &
Kropil, P. (2016). Does body mass index outperform body weight as a
surrogate parameter in the calculation of size-specific dose estimates in
adult body CT? British Journal of Radiology, 89(1059).

Booth, L., Henwood, S., & Miller, P. (2016). Reflections on the role of consultant
radiographers in the UK: What is a consultant radiographer? Radiography,
22(1), 38-43.

114



Brenner, D. J., & Hall, E. J. (2007). Computed tomography--an increasing source
of radiation exposure. The New England Journal of Medicine, 357(22),
2277-2284.

Brendan, F. H. (2015). Slice Reconstruction. Retrieved from
https://homepages.inf.ed.ac.uk/rbf/CVonline/LOCAL_COPIES/AV0405/H
AYDEN/Slice_Reconstruction.html

Brent, B. (2017). Pulmonary Thromboembolism. Retrieved from
https://undergradimaging.pressbooks.com/chapter/pulmonary
thromboembolism

Burton, C. S., & Szczykutowicz, T. P. (2018). Evaluation of AAPM Reports 204
and 220: Estimation of effective diameter, water-equivalent diameter, and
ellipticity ratios for chest, abdomen, pelvis, and head CT scans. Journal of
Applied Clinical Medical Physics, 19(1), 228-238.

Bushberg, J. T. (2000). The Essential Physics for Medical Imaging. Lippincott.
Williams and Wilkins.

Campbell, W. G. (2015). Readout of polymer gel dosimeters using a prototype
fan-beam optical computed tomography scanner, PhD thesis, University of
Victoria.

Cassel, N., Carstens, A., & Becker, P. (2013). The comparison of bolus tracking
and test bolus techniques for computed tomography thoracic angiography
in healthy beagles. Journal of the South African Veterinary Association,
84(1), 1-9.

Choi, J. (2013). Measurement of Noise Power Spectra for CT Images
Reconstructed with Different Kernels. JCIT. Journal of Convergence
Information Technology, 8(16), 70-82.

Christianson, O., Chen, J. J. S., Dima, A., Filliben, J. J., Peskin, A., Trimble, C.,
& Siegel, E. L. (2015). An Improved Index of Image Quality for Task-based
Performance of CT Iterative Reconstruction across Three Commercial
Implementations 1, 275(3), 725-734.

Christianson, O., Li, X., Frush, D., & Samei, E. (2012). Automated size-specific
CT dose monitoring program: Assessing variability in CT dose. Medical
Physics, 39(11), 7131-7139.

Clark, C. (2020). CT Equipment. Retrieved from
https://lwww.radiologycafe.com/frcr-physics-notes/ct-imaging/ct-
equipment/

115



Cody, D., Gress, D., Heard, M., Kofler, J., & Pizzutiello, B. (2013). AAPM
Computed Tomography Radiation Dose Education Slides. Retrieved from
http://www.aapm.org/pubs/CTProtocols/documents/CTTerminologyLexico
n.pdf/

Dane, B., Patel, H., O’'Donnell, T., Girvin, F., Brusca-Augello, G., Alpert, J. B., &
Ko, J. P. (2018). Image Quality on Dual-energy CTPA Virtual
Monoenergetic Images: Quantitative and Qualitative Assessment.
Academic Radiology, 25(8), 1075-1086.

Daudelin, A., Medich, D., Andrabi, S. Y., & Martel, C. (2018). Comparison of
methods to estimate water-equivalent diameter for calculation of patient
dose. Journal of Applied Clinical Medical Physics, 19(5), 718-723.

Dhamanaskar, K. P., Figueira, K. S. E., Jerome, S. C., & Yemen, B. L. (2013).
Test bolus technique for detection of pulmonary emboli at 64-slice
multidetector computed tomography angiography. Canadian Association of
Radiologists Journal, 64(3), 226—228.

Ding, A., Gao, Y., Liu, H., Caracappa, P. F., Long, D. J., & Bolch, W. E (2015).
VirtualDose: A software for reporting organ doses from CT for adult and
pediatric patients. Physics in Medicine and Biology, 60(14), 5601-5625.

Doda Khera, R., Singh, R., Homayounieh, F., Stone, E., Redel, T., Savage, C.
A., & Digumarthy, S. R. (2019). Deploying Clinical Process Improvement
Strategies to Reduce Motion Artifacts and Expiratory Phase Scanning in
Chest CT. Scientific Reports, 9(1), 1-7.

Dodge, C. T., Tamm, E. P., Cody, D. D, Liu, X., Jensen, C. T., Wei, W., & Rong,
J. (2016). Performance evaluation of iterative reconstruction algorithms for
achieving CT radiation dose reduction - a phantom study. Journal of
Applied Clinical Medical Physics / American College of Medical Physics,
17(2), 5709.

Fessler, J. (2009). X-ray imaging : noise and SNR. Chapter 6, X-Ray Imaging:
Noise and SNR, 1-11.

Fleischmann, D., & Kamaya, A. (2009). Optimal Vascular and Parenchymal
Contrast Enhancement: The Current State of the Art. Radiologic Clinics of
North America, 47(1), 13—-26.

Flohr, T. (2013). CT Systems. Current Radiology Reports, 1(1), 52—63.

Flynn, M. (2003). IEC 62220-1 Determination of DQE for digital x-ray imaging
devices. London. International Electrotechnical Commission.

116



Foley, S. J., McEntee, M. F., & Rainford, L. A. (2012). Establishment of CT
diagnostic reference levels in Ireland. The British Journal of Radiology,
85(1018), 1390-1397.

Foley, W. D., & Stonely, T. (2010). CT Angiography of the Lower Extremities.
Radiologic Clinics of North America, 48(2), 367-396.

Franck, C., Vandevoorde, C., Goethals, I., Smeets, P., Achten, E., Verstraete,
K., & Bacher, K. (2016). The role of Size-Specific Dose Estimate (SSDE)
in patient-specific organ dose and cancer risk estimation in paediatric chest
and abdominopelvic CT examinations. European Radiology, 26(8), 2646—
2655.

Frank, D. (2015). CT Noise Power Spectrum for Filtered Backprojection and
Iterative Reconstruction. Retrieved from
https://studylib.net/doc/14256348/ct-noise-power-spectrum-for-filtered-
backprojection-

Gang, G. J., Lee, J., Stayman, J. W., Tward, D. J., Zbijewski, W., Prince, J. L., &
Siewerdsen, J. H. (2011). Analysis of Fourier-domain task-based
detectability index in tomosynthesis and cone-beam CT in relation to
human observer performance. Medical Physics, 38(4), 1754—-1768.

Gay, F., Pavia, Y., Pierrat, N., Lasalle, S., Neuenschwander, S., & Brisse, H. J.
(2014). Dose reduction with adaptive statistical iterative reconstruction for
paediatric CT: Phantom study and clinical experience on chest and
abdomen CT. European Radiology, 24(1), 102-111.

Geyer, L. L., Schoepf, U. J., Meinel, F. G., Nance, J. W., Bastarrika, G., Leipsic,
J. A, & De Cecco, C. N. (2015). State of the Art: Iterative CT reconstruction
techniques. Radiology, 276(2), 339-357.

Gharbi, S., Labidi, S., Mars, M., Chelli, M., Meftah, S., & Ladeb, M. F. (2018).
Assessment of organ dose and image quality in head and chest CT
examinations: A phantom study. Journal of Radiological Protection, 38(2),
807-818.

Goldman, L. W. (2007). Principles of CT: Radiation Dose and Image Quality.
Journal of Nuclear Medicine Technology, 35(4), 213-225.

Goo, H. W. (2012). CT radiation dose optimization and estimation: An update for
radiologists. Korean Journal of Radiology, 13(1):1-11.

Greffier, J., Frandon, J., Larbi, A., Beregi, J. P., & Pereira, F. (2020a). CT
iterative reconstruction algorithms: a task-based image quality

117



assessment. European Radiology, 30(1), 487-500.

Greffier, J., Frandon, J., Pereira, F., Hamard, A., Beregi, J. P., Larbi, A., &
Omoumi, P. (2020b). Optimization of radiation dose for CT detection of lytic
and sclerotic bone lesions: a phantom study. European Radiology, 30(2),
1075-1078.

Greffier, J., Macri, F., Larbi, A., Fernandez, A., Pereira, F., Mekkaoui, C., &
Beregi, J. P. (2016). Dose reduction with iterative reconstruction in multi-
detector CT: What is the impact on deformation of circular structures in
phantom study? Diagnostic and Interventional Imaging, 97(2), 187—-196.

Grimes, J., Duan, X., Yu, L., Halaweish, A. F., Haag, N., Leng, S., & McCollough,
C. (2015). The influence of focal spot blooming on high-contrast spatial
resolution in CT imaging. Medical Physics, 42(10), 6011-6020.

Halid, B., Karim, M. K. A., Sabarudin, A., Bakar, K. A., & Shariff, N. D. (2018).
Assessment of lifetime attributable risk of stomach and colon cancer during
abdominal CT examinations based on monte carlo simulation. In IFMBE
Proceedings (Vol. 63, pp. 455-459).

Hartman, 1JC., & Screaton, NJ. (2021). Pulmonary circulation and pulmonary
thromboembolism. Grainger & Allison's Diagnostic Radiology, (Vol 16).

Harun, H. H., Karim, M. K. A., Abbas, Z., Rahman, M. A. A., Sabarudin, A., &
Ng, K. H. (2020). Association of Radiation Doses and Cancer Risks from
CT Pulmonary Angiography Examinations in Relation to Body Diameter.
Diagnostics, 10(9).

Hc, B. (2006). Biological and Medical Physics, Biomedical Engineering.
Germany. Springer.

Heit, J. A., Silverstein, M. D., Mohr, D. N., Petterson, T. M., O’Fallon, W. M., &
Melton, L. J. (2000). Risk Factors for Deep Vein Thrombosis and
Pulmonary Embolism. Archives of Internal Medicine, 160(6), 809.

Hendee, W. R., Ritenour, E. R., & Hoffmann, K. R. (2003). Medical Imaging
Physics, Fourth Edition. Medical Physics, 30(4), 730-730.

Henzler, T., Meyer, M., Reichert, M., Krissak, R., & Nance, (2012). Dual-energy
CT angiography of the lungs: Comparison of test bolus and bolus tracking
techniques for the determination of scan delay. European Journal of
Radiology, 81(1), 132—-138.

118



Hérin, E., Gardavaud, F., Chiaradia, M., Beaussart, P., Richard, P., Cavet, M., &
Luciani, A. (2015). Use of Model-Based Iterative Reconstruction (MBIR) in
reduced-dose CT for routine follow-up of patients with malignant
lymphoma: dose savings, image quality and phantom study. European
Radiology, 25(8), 2362-2370.

Hernandez-Giron, I., Calzado, A., Geleijns, J., Joemai, R. M. S., & Veldkamp,
W. J. H. (2015). Low contrast detectability performance of model observers
based on CT phantom images: KVp influence. Physica Medica, 31(7), 798—
807.

Holmberg, O., Malone, J., Rehani, M., McLean, D., & Czarwinski, R. (2010).
Current issues and actions in radiation protection of patients. European
Journal of Radiology, 76(1), 15-19.

Holmquist, F., Nyman, U., Siemund, R., Geijer, M., & Soderberg, M. (2016).
Impact of iterative reconstructions on image noise and low-contrast object
detection in low kVp simulated abdominal CT: A phantom study. Acta
Radiologica, 57(9), 1079-1088.

ICRP Publication 103. (2007). The 2007 Recommendations of the International
Commission on Radiological Protection. Ann. ICRP 37 (2-4).

Ippolito, D., De Vito, A., Franzesi, C. T., Riva, L., Pecorelli, A., Corso, R., & Sironi,
S. (2019). Evaluation of image quality and radiation dose saving comparing
knowledge model-based iterative reconstruction on 80-kV CT pulmonary
angiography (CTPA) with hybrid iterative reconstruction on 100-kV CT.
Emergency Radiology, 26(2), 145-153.

Isa, I. N. ., Rahmat, S. M. S., Dom, S. M., Kayun, Z., & Karim, M. K. (2019). The
effects of mis-centering on radiation dose during CT head examination: A
phantom study. Journal of X-Ray Science and Technology, 1-9.

Isidoro, J., Gil, P., Costa, G., Pedroso de Lima, J., Alves, C., & Ferreira, N. C.
(2017). Radiation dose comparison between V/P-SPECT and CT-
angiography in the diagnosis of pulmonary embolism. Physica Medica, 41,
93-96.

Itatani, R., Oda, S., Utsunomiya, D., Funama, Y., Honda, K., Katahira, K., &
Yamashita, Y. (2013). Reduction in radiation and contrast medium dose via
optimization of low-kilovoltage CT protocols using a hybrid iterative
reconstruction algorithm at 256-slice body CT: Phantom study and clinical
correlation. Clinical Radiology, 68(3), e128-e135.

James, E. (2018). Angiography: Principles, Techniques and Complications.

119



Grainger & Allison's Diagnostic Radiology, 6th ed, pp.2049-2064.

Joemai, R. M. S., Veldkamp, W. J. H., Kroft, L. J. M., Hernandez-Giron, I., &
Geleijns, J. (2013). Adaptive iterative dose reduction 3d versus filtered
back projection in CT: Evaluation of image quality. American Journal of
Roentgenology, 201(6), 1291-1297.

Jurik, A. G., Bongartz, G., Golding, S. J., & Leonardi, M. (1998). The quality
criteria for computed tomography. Radiation Protection Dosimetry, 80(1—
3), 49-53.

Kalender, W. A. (2006). X-ray computed tomography. Physics in Medicine and
Biology, 51(13).

Kalender, W. A. (2014). Dose in x-ray computed tomography. Physics in
Medicine and Biology, 59(3).

Kalender, W. a, Buchenau, S., Deak, P., Kellermeier, M., Langner, O., van
Straten, M., & Wilharm, S. (2008). Technical approaches to the
optimisation of CT. Physica Medica, 24(2), 71-79.

Kalra, M. K. M., Maher, M. M., Toth, T. T. L., Schmidt, B., Westerman, B. L.,
Morgan, H. T., & Saini, S. (2004). Techniques and applications of automatic
tube current modulation for CT. Radiology, 233(3), 649—-657.

Kanal, K. M., Butler, P. F., Sengupta, D., Bhargavan-Chatfield, M., Coombs, L.
P., & Morin, R. L. (2017). U.S. diagnostic reference levels and achievable
doses for 10 adult CT examinations. Radiology, 284(1), 120-133.

Karim, M. K. A., Hashim, S., Bakar, K. A., Bradley, D. A., Ang, W. C., Bahrudin,
N. A., & Mhareb, M. H. A. (2017). Estimation of radiation cancer risk in CT-
KUB. Radiation Physics and Chemistry, 137, 130-134.

Karim, M. K. A., Hashim, S., Bradley, D. A., Bahruddin, N. A., Ang, W. C., &
Salehhon, N. (2016a). Assessment of knowledge and awareness among
radiology personnel regarding current computed tomography technology
and radiation dose. Journal of Physics: Conference Series, 694(May),
012031. h

Karim, M. K. A., Hashim, S., Bradley, D. A., Bakar, K. A., Haron, M. R., & Kayun,
Z. (2016b). Radiation doses from computed tomography practice in Johor
Bahru, Malaysia. Radiation Physics and Chemistry, 121(May 2016), 69—
74.

120



Karim, M. K. A., Hashim, S., Sabarudin, A., Bradley, D. A., & Bahruddin, N. A.
(2016¢c). Evaluating organ dose and radiation risk of routine CT
examinations in Johor Malaysia. Sains Malaysiana, 45(4), 567-573.

Karmazyn, B., Liang, Y., Ai, H., Eckert, G. J., Cohen, M. D., Wanner, M. R., &
Jennings, S. G. (2014). Optimization of hybrid iterative reconstruction level
in pediatric body CT. American Journal of Roentgenology, 202(2), 426—
431.

Kawashima, H., Ichikawa, K., Matsubara, K., Nagata, H., Takata, T., &
Kobayashi, S. (2019). Quality evaluation of image-based iterative
reconstruction for CT: Comparison with hybrid iterative reconstruction.
Journal of Applied Clinical Medical Physics, 20(6), 199-205.

Kim, E. Y., Kim, T. J., Goo, J. M., Kim, H. Y., Lee, J. W,, Lee, S., & Kim, Y.
(2018). Size-specific dose estimation in the Korean lung cancer screening
project: Does a 32-cm diameter phantom represent a standard-sized
patient in korean population? Korean Journal of Radiology, 19(6), 1179—
1186.

Kim, H. G., Lee, H.-J., Lee, S.-K., Kim, H. J., & Kim, M.-J. (2017). Head CT:
Image quality improvement with ASIR-V using a reduced radiation dose
protocol for children. European Radiology, 27(9), 3609-3617.

Kim, M. C., Han, D. K., Nam, Y. C., Kim, Y. M., & Yoon, J. (2015). Patient dose
for computed tomography examination: Dose reference levels and effective
doses based on a national survey of 2013 in Korea. Radiation Protection
Dosimetry, 164(3), 383—-391.

Kim, S. Y., Cho, J. Y., Lee, J., Hwang, S. ll, Moon, M. H., Lee, E. J., & Choi, H.
J. (2018). Low-tube-voltage CT urography using low-concentration-iodine
contrast media and iterative reconstruction: A multi-institutional
randomized controlled trial for comparison with conventional CT urography.
Korean Journal of Radiology, 19(6), 1119-1129.

Kirsch, J., Brown, R. K. J., Henry, T. S., Javidan-Nejad, C., Jokerst, C., Julsrud,
P. R., & Abbara, S. (2017). ACR Appropriateness Criteria Acute Chest
Pain—Suspected Pulmonary Embolism. Journal of the American College
of Radiology, 14(5), S2-S12.

Kligerman, S., Mehta, D., Farnadesh, M., Jeudy, J., Olsen, K., & White, C.
(2013). Use of a hybrid iterative reconstruction technique to reduce image
noise and improve image quality in obese patients undergoing computed
tomographic pulmonary angiography. Journal of Thoracic Imaging, 28(1),
49-59.

121



Kramers, H. A. (1923). XCIIl. On the theory of X-ray absorption and of the
continuous X-ray spectrum. Philosophical Magazine Series 6, 46(275),
836-871.

Laack, T. A., Thompson, K. M., Kofler, J. M., Bellolio, M. F., Sawyer, M. D., &
Issa Laack, N. N. (2011). Comparison of trauma mortality and estimated
cancer mortality from computed tomography during initial evaluation of
intermediate-risk trauma patients. Journal of Trauma - Injury, Infection and
Critical Care, 70(6), 1362—1365.

Lahham, A., ALMasri, H., & Kameel, S. (2018). Estimation Of Female Radiation
Doses And Breast Cancer Risk From Chest CT Examinations. Radiation
Protection Dosimetry, 179(4), 303-309.

Landau, L. D., & Pomeranchuk, I. I. (1953). The limits of applicability of the theory
of Bremsstrahlung by electrons and of the creation of pairs at large
energies. In Dokl. Akad. Nauk SSSR (Vol. 92, p. 535).

Lagmani, A., Kurfiirst, M., Butscheidt, S., Sehner, S., Schmidt-Holtz, J., Behzadi,
C., & Regier, M. (2016). CT pulmonary angiography at reduced radiation
exposure and contrast material volume using iterative model reconstruction
and iDose4 technique in comparison to FBP. PLoS ONE, 11(9), 1-15.

Lagmani, A., Regier, M., Veldhoen, S., Backhaus, A., Wassenberg, F., Sehner,
S., & Henes, F. O. (2014). Improved image quality and low radiation dose
with hybrid iterative reconstruction with 80 kV CT pulmonary angiography.
European Journal of Radiology, 83(10), 1962—1969.

Lee, S., & Kim, H. J. (2014). Noise properties of reconstructed images in a kilo-
voltage on-board imaging system with iterative reconstruction techniques:
A phantom study. Physica Medica, 30(3), 365—-373.

Leithner, D., Gruber-Rouh, T., Beeres, M., Wichmann, J. L., Mahmoudi, S.,
Martin, S. S., & Scholtz, J. E. (2018). 90-kVp low-tube-voltage CT
pulmonary angiography in combination with advanced modeled iterative
reconstruction algorithm: Effects on radiation dose, image quality and
diagnostic accuracy for the detection of pulmonary embolism. British
Journal of Radiology, 91(1088).

Leitz, W., Axelsson, B., & Szendrd, G. (1995). Computed tomography dose
assessment-a practical approach. Radiation Protection Dosimetry, 57(1-4),
377-380.

Leng, S., Shiung, M., Duan, X., Yu, L., Zhang, Y., & McCollough, C. H. (2015).
Size-specific Dose Estimates for Chest, Abdominal, and Pelvic CT: Effect

122



of Intrapatient Variability in Water-equivalent Diameter. Radiology, 276(1),
184-190.

Lenga, L., Trapp, F., Albrecht, M. H., Wichmann, J. L., Johnson, A. A, Yel, |, &
Martin, S. S. (2019). Single- and dual-energy CT pulmonary angiography
using second- and third-generation dual-source CT systems: comparison
of radiation dose and image quality. European Radiology, 29(9), 4603-
4612.

Leyendecker, P., Faucher, V., Labani, A., Noblet, V., Lefebvre, F., Magotteaux,
P., & Roy, C. (2019). Prospective evaluation of ultra-low-dose contrast-
enhanced 100-kV abdominal computed tomography with tin filter: effect on
radiation dose reduction and image quality with a third-generation dual-
source CT system. European Radiology, 29(4), 2107-2116.

Li, K., Garrett, J., Ge, Y., & Chen, G.-H. (2014). Statistical model based iterative

reconstruction (MBIR) in clinical CT systems. Part Il. Experimental
assessment of spatial resolution performance. Medical Physics, 41(7),
071911.

Liu, W., Zhu, Y., Tang, L., Zhu, X., Xu, Y., & Yang, G. (2016). Effect of various
environments and computed tomography scanning parameters on renal
volume measurements in vitro: A phantom study. Experimental and
Therapeutic Medicine, 12(2), 753-758.

Lépez, J. A, Kearon, C., Lee, A. Y. Y., & Conde, I. D. (2004). Deep Venous
Thrombosis I. Pathophysiology of Deep Venous Thrombosis. Hematology,
439-456.

Lu, G. M., Luo, S., Meinel, F. G., McQuiston, A. D., Zhou, C. S., Kong, X., &
Zhang, L. J. (2014). High-pitch computed tomography pulmonary
angiography with iterative reconstruction at 80 kVp and 20 mL contrast
agent volume. European Radiology, 24(12), 3260-3268.

Matsubara, K., Koshida, H., Sakuta, K., Takata, T., Horii, J., lida, H., & Matsui,
0. (2012). Radiation dose and physical image quality in 128-section dual-
source computed tomographic coronary angiography: A phantom study.
Journal of Applied Clinical Medical Physics, 13(5), 252—-261.

Matsubara, K., Koshida, K., Noto, K., & Takata, T. (2011). Reduction of breast
dose in abdominal CT examinations: Effectiveness of automatic exposure
control system. Radiation Measurements, 46(12), 2056—2059.

McCollough, C., Bakalyar, D. M., Bostani, M., Brady, S., Boedeker, K., Boone,
J. M., & Wang, J. (2014). Use of Water Equivalent Diameter for Calculating

123



Patient Size and Size-Specific Dose Estimates (SSDE) in CT: The Report
of AAPM Task Group 220. AAPM Report, 2014(220), 6—-23.

McCollough, C. H., Yu, L., Kofler, J. M., Leng, S., Zhang, Y., Li, Z., & Carter, R.
E. (2015). Degradation of CT Low-Contrast Spatial Resolution Due to the
Use of Iterative Reconstruction and Reduced Dose Levels. Radiology,
276(2), 499-506.

McCollough, C. H., & Zink, F. E. (1999). Performance evaluation of a multi-slice
CT system. Medical Physics, 26(11), 2223-2230.

McLaughlin, P. D., Murphy, K. P., Twomey, M., O’Neill, S. B., Moloney, F.,
O’Connor, O. J., & Maher, M. M. (2016). Pure lterative Reconstruction
Improves Image Quality in Computed Tomography of the Abdomen and
Pelvis Acquired at Substantially Reduced Radiation Doses in Patients with
Active Crohn Disease. Journal of Computer Assisted Tomography, 40(2),
225-233.

McNitt-Gray, M. F. (2006). Tradeoffs in CT Image Quality and Dose. Medical
Physics, 33(6), 45-51.

Megyeri, B., Christe, A., Schindera, S. T., Horkay, E., Sikula, J., Cullmann, J. L.,
& Szucs-Farkas, Z. (2015). Diagnostic confidence and image quality of CT
pulmonary angiography at 100 kVp in overweight and obese patients.
Clinical Radiology, 70(1), 54-61.

Ministry of Health Malaysia. (2013). Report of Medical Radiation Exposure Study
in Malaysia. Ministry of Health Malaysia.

Moore, A. J. E., Wachsmann, J., Chamarthy, M. R., Panjikaran, L., Tanabe, Y.,
& Rajiah, P. (2018). Imaging of acute pulmonary embolism: An update.
Cardiovascular Diagnosis and Therapy, 8(3), 225-243.

Morcos, S. K., Thomsen, H. S., & Webb, J. A. W. (1999). Contrast-media-
induced nephrotoxicity: A consensus report. European Radiology, 9(8),
1602-1613.

Muhammad, N. A., Karim, M. K. A., Hassan, H. A., Kamarudin, M. A., Wong, J.
H. D., & Ibahim, M. J. (2019). Estimation of effective dose and organ cancer
risk from paediatric computed tomography thorax — Abdomen - Pelvis
examinations. Radiation Physics and Chemistry, 165(August), 108438.

Murphy, A., Cheng, J., Pratap, J., Redman, R., & Coucher, J. (2019). Dual-
Energy Computed Tomography Pulmonary Angiography: Comparison of
Vessel Enhancement between Linear Blended and Virtual Monoenergetic

124



Reconstruction Techniques. Journal of Medical Imaging and Radiation
Sciences, 50(1), 62—-67.

Murphy, K. P., Crush, L., O'Neill, S. B., Foody, J., Breen, M., Brady, A., &
O’Regan, K. N. (2016). Feasibility of low-dose CT with model-based
iterative image reconstruction in follow-up of patients with testicular cancer.
European Journal of Radiology Open, 3, 38—45.

Musa, Y., Hashim, S., & Khalis Abdul Karim, M. (2019). Direct and indirect
entrance surface dose measurement in X-ray diagnostics using nanoDot
OSL dosimeters. Journal of Physics: Conference Series, 1248(1).

Naing, L., Winn, T., & Rusli, B. N. (2006). Practical Issues in Calculating the
Sample Size for Prevalence Studies. Archives of Orofacial Sciences, 1, 9—
14.

Nakaura, T., Kidoh, M., Sakaino, N., Utsunomiya, D., Oda, S., Kawahara, T., &
Yamashita, Y. (2013). Low contrast- and low radiation dose protocol for
cardiac CT of thin adults at 256-row CT: Usefulness of low tube voltage
scans and the hybrid iterative reconstruction algorithm. International
Journal of Cardiovascular Imaging, 29(4), 913-923.

Nania, A., Weir, A., Weir, N., Ritchie, G., Rofe, C., & Van Beek, E. (2018). CTPA
protocol optimisation audit: challenges of dose reduction with maintained
image quality. Clinical Radiology, 73(3), 320.e1-320.e8.

NCRP (2019). NCRP Report No. 184 : Medical Radiation Exposure Of Patients
In The United States National Council on Radiation Protection and
Measurements 184. United States. NRCP.

Nobes, J., Messow, C. M., Khan, M., Hrobar, P., & Isles, C. (2017). Age-adjusted
D-dimer excludes pulmonary embolism and reduces unnecessary radiation
exposure in older adults: Retrospective study. Postgraduate Medical
Journal, 93(1101), 420-424.

Noél, P. B., Engels, S., Kohler, T., Muenzel, D., Franz, D., Rasper, M., &
Fingerle, A. A. (2018). Evaluation of an iterative model-based CT
reconstruction algorithm by intra-patient comparison of standard and ultra-
low-dose examinations. Acta Radiologica, 59(10), 1225-1231.

Pahn, G., Skornitzke, S., Schlemmer, H. P., Kauczor, H. U., & Stiller, W. (2016).
Toward standardized quantitative image quality (1Q) assessment in
computed tomography (CT): A comprehensive framework for automated
and comparative 1Q analysis based on ICRU Report 87. Physica Medica,
32(1), 104-115.

125



Papadakis, A. E., & Damilakis, J. (2019). Automatic Tube Current Modulation
and Tube Voltage Selection in Pediatric Computed Tomography: A
Phantom Study on Radiation Dose and Image Quality. Investigative
Radiology, 54(5), 265-272.

Paruccini, N., Villa, R., Pasquali, C., Spadavecchia, C., Baglivi, A., & Crespi, A.
(2017). Evaluation of a commercial Model Based lterative reconstruction
algorithm in computed tomography. Physica Medica, 41, 58—70.

Podgorsak, E. B. (2013). Biological and Medical Physics, Biomedical
Engineering: Radiation Physics for Medical Physicist. London. Springer.

Pourjabbar, S. (2014). Size-specific dose estimates: Localizer or transverse
abdominal computed tomography images? World Journal of Radiology,
6(5), 210.

Preston, D., Ron, E., & Tokuoka, S. (2007). Solid cancer incidence in atomic
bomb survivors: 1958-1998. Radiation Research, Jul;168(1):1-64.

Quiroz, R., Kucher, N., Zou, K. H., Kipfmueller, F., Costello, P., Goldhaber, S.
Z., & Schoepf, U. J. (2005). Clinical validity of a negative computed
tomography scan in patients with suspected pulmonary embolism: A
systematic review. Journal of the American Medical Association, 293(16),
2012-2017.

Qurashi, A. A., Rainford, L. A., & Foley, S. J. (2015). Establishment of diagnostic
reference levels for CT trunk examinations in the western region of Saudi
Arabia. Radiation Protection Dosimetry, 167(4), 569-575.

Racine, D., Viry, A., Becce, F., Schmidt, S., Ba, A., Bochud, F. O., & Verdun, F.
R. (2017). Objective comparison of high-contrast spatial resolution and low-
contrast detectability for various clinical protocols on multiple CT scanners.
Medical Physics, 44(9), e153—e163.

Rapalino, O., Kamalian, S., Kamalian, S., Payabvash, S., Souza, L. C. S., Zhang,
D., & Pomerantz, S. R. (2012). Cranial CT with Adaptive Statistical Iterative
Reconstruction: Improved Image Quality with Concomitant Radiation Dose
Reduction. American Journal of Neuroradiology, 33(4), 609-615.

Rawashdeh, M., Saade, C., Zaitoun, M., Abdelrahman, M., Brennan, P.,
Alewaidat, H., & McEntee, M. F. (2019). Establishment of diagnostic
reference levels in cardiac computed tomography. Journal of Applied
Clinical Medical Physics, 20(10), 181-186.

Rehani, M. M. (2015). Limitations of diagnostic reference level (DRL) and

126



introduction of acceptable quality dose (AQD). British Journal of Radiology,
88(1045), 11-13.

Rehani, M. M., Ciraj-Bjelac, O., Al-Naemi, H. M., Al-Suwaidi, J. S., EI-Nachef.
(2012). Radiation protection of patients in diagnostic and interventional
radiology in Asian countries: impact of an IAEA project. European Journal
of Radiology, 81(10), €982-9.

Ria, F., Davis, J. T., Solomon, J. B., Wilson, J. M., Smith, T. B., Frush, D. P., &
Samei, E. (2019). Expanding the concept of diagnostic reference levels to
noise and dose reference levels in CT. American Journal of
Roentgenology, 213(4), 889-894.

Richard, S., Husarik, D. B., Yadava, G., Murphy, S. N., & Samei, E. (2012).
Towards task-based assessment of CT performance: System and object
MTF across different reconstruction algorithms. Medical Physics, 39(7),
4115-4122.

Robb, R. A. (1982). X-ray computed tomography: from basic principles to
applications. Annual review of biophysics and bioengineering, 11, 177-201.

Rodrigues, J. C. L., Joshi, D., Lyen, S. M., Negus, I. S., Manghat, N. E., &
Hamilton, M. C. K. (2014). Tube potential can be lowered to 80 kVp in test
bolus phase of CT coronary angiography (CTCA) and CT pulmonary
angiography (CTPA) to save dose without compromising diagnostic quality.
European Radiology, 24(10), 2458—-2466.

Rose, T. (2014). Online Radiography Continuing Education for Radiologic X ray
Technologist. Quality Assurance and the Helical ( Spiral ) Scanner, 1-25.

Rusandu, A., @degard, A., Engh, G. C., & Olerud, H. M. (2019). The use of 80
kV versus 100 kV in pulmonary CT angiography: An evaluation of the
impact on radiation dose and image quality on two CT scanners.
Radiography, 25(1), 58—-64.

Saade, C., Mayat, A., & EI-Merhi, F. (2016). Exponentially decelerated contrast
media injection rate combined with a novel patient-specific contrast formula
reduces contrast volume administration and radiation dose during
computed tomography pulmonary angiography. Journal of Computer
Assisted Tomography, 40(3), 370-374.

Sabarudin, A., Mustafa, Z., Nassir, K. M., Hamid, H. A., & Sun, Z. (2015).
Radiation dose reduction in thoracic and abdomen-pelvic CT using tube
current modulation: A phantom study. Journal of Applied Clinical Medical
Physics, 16(1), 319-328.

127



Sabarudin, A., Siong, T. W., Chin, A. W., Hoong, N. K., & Karim, M. K. A. (2019).
A comparison study of radiation effective dose in ECG-Gated Coronary CT
Angiography and calcium scoring examinations performed with a dual-
source CT scanner. Scientific Reports, 9(1), 1-8.

Sabel, B. O., Buric, K., Karara, N., Thierfelder, K. M., Dinkel, J., Sommer, W. H.,
& Meinel, F. G. (2016). High-pitch CT pulmonary angiography in third
generation dual-source CT: Image quality in an unselected patient
population. PLoS ONE, 11(2), 1-11.

Saltybaeva, N., Martini, K., Frauenfelder, T., & Alkadhi, H. (2016). Organ Dose
and Attributable Cancer Risk in Lung Cancer Screening with Low-Dose
Computed Tomography. PLoS ONE, 11(5), 1-11.

Samei, E., & Peck, D. J. (2019a). Anatomy, Physiology, and Pathology in
Imaging. Hendee’s Physics of Medical Imaging, Fifth Edition, 55—-87.

Samei, E., & Peck, D. J. (2019b). Imaging Science. Hendee’s Physics of Medical
Imaging, Fifth Edition, 89-141.

Samei, E., & Peck, D. J. (2019c). Projection X-ray Imaging. Hendee’s Physics of
Medical Imaging, Fifth Edition, 217-242.

Samei, E., & Peck, D. J. (2019d). Volumetric X-ray Imaging. Hendee’s Physics
of Medical Imaging, Fifth Edition, 323-450.

Samei, E., & Richard, S. (2015). Assessment of the dose reduction potential of
a model-based iterative reconstruction algorithm using a task-based
performance metrology. Medical Physics, 42, 314.

Samei, E., Richard, S., & Lurwitz, L. (2014). Model-based CT performance
assessment and optimization for iodinated and noniodinated imaging tasks
as a function of kVp and body size. Medical Physics, 41(8).

Sarma, A., Heilbrun, M. E., Conner, K. E., Stevens, S. M., Woller, S. C., & Elliott,
C. G. (2012). Radiation and chest CT scan examinations: What do we
know?. Chest, 142 (3), 750-760.

Sauter, A., Koehler, T., Brendel, B., Aichele, J., Neumann, J., Noél, P. B., &
Muenzel, D. (2018). CT pulmonary angiography: dose reduction via a next
generation iterative reconstruction algorithm. Acta Radiologica, 0(0), 1-10.

Schilham, A., van der Molen, A. F., Prokop, M., & de Jong, H. W. (2010).
Overranging at multisection CT: An underestimated source of excess

128



radiation exposure. Radiographics, 30(4), 1057-1067.

Schindera, S. T., Treier, R., Von Allmen, G., Nauer, C., Trueb, P. R., Vock, P., &
Szucs-Farkas, Z. (2011). An education and training programme for
radiological institutes: Impact on the reduction of the CT radiation dose.
European Radiology, 21(10), 2039-2045.

Shah, N. B., & Platt, S. L. (2008). ALARA: Is there a cause for alarm? Reducing
radiation risks from computed tomography scanning in children. Current
Opinion in Pediatrics, 20(3), 243—-247.

Shope, T. B., Morgan, T. J., Showalter, C. K., Pentlow, K. S., Rothenberg, L. N.,
White, D. R., & Speller, R. D. (1982). Radiation dosimetry survey of
computed tomography systems from ten manufacturers. British Journal of
Radiology, 55(649), 60—69.

Shrimpton, P. C., Hillier, M. C., Meeson, S., & Golding, S. J. (2014). Doses from
Computed Tomography ( CT ) Examinations in the UK — 2011 Review.
Public Health England.

Smith-Bindman, R., Lipson, J., Marcus, R., Kim, K.-P., Mahesh, M., Gould, R., &
Miglioretti, D. L. (2009). Radiation dose associated with common computed
tomography examinations and the associated lifetime attributable risk of
cancer. Archives of Internal Medicine, 169(22), 2078-2086.

Smith, E. A., Dillman, J. R., Goodsitt, M. M., Christodoulou, E. G., Keshavarzi,
N., & Strouse, P. J. (2014). Model-based lIterative Reconstruction: Effect
on Patient Radiation Dose and Image Quality in Pediatric Body CT.
Radiology, 270(2), 526-534.

Solomon, J., Ba, A., Bochud, F., & Samei, E. (2016). Comparison of low-contrast
detectability between two CT reconstruction algorithms using voxel-based
3D printed textured phantoms. Medical Physics, 43(12), 6497-6506.

Solomon, J., Wilson, J., Samei, E., Carolina, N., & Wilson, J. (2015).
Characteristic image quality of a third generation dual-source MDCT
scanner : Noise, resolution , and detectability. Medical Physics, 42, 4941.

Sookpeng, S, Martin, C. J., & Gentle, D. J. (2013). Comparison of different
phantom designs for CT scanner automatic tube current modulation system
tests. Journal of Radiological Protection : Official Journal of the Society for
Radiological Protection, 33(4), 735-761.

Sookpeng, Supawitoo, Martin, C. J., & Gentle, D. J. (2015). Investigation of the
influence of image reconstruction filter and scan parameters on operation

129



of automatic tube current modulation systems for different CT scanners.
Radiation Protection Dosimetry, 163(4), 521-530.

Sprawl, P. (2016). Safety of CT-Scan. Retrieved from
http://www.sprawls.org/resources/CTIQDM/

Sprawl, P. (2013). Computed Tomography Image Quality Optimization and Dose
Management. Retrieved from http://www.sprawls.org/resources/CTIQDM/

Staniszewska, M., & Chrusciak, D. (2017). Iterative reconstruction as a method
for optimisation of computed tomography procedures. Polish Journal of
Radiology, 82, 792—-797.

Suntharalingam, S., Mikat, C., Stenzel, E., Erfanian, Y., Wetter, A., Schlosser,
T., & Nassenstein, K. (2017). Submillisievert standard-pitch CT pulmonary
angiography with ultra-low dose contrast media administration: A
comparison to standard CT imaging. PLoS ONE, 12(10), 1-11.

Szucs-Farkas, Z., Megyeri, B., Christe, A., Vock, P., Heverhagen, J. T., &
Schindera, S. T. (2014). Prospective randomised comparison of diagnostic
confidence and image quality with normal-dose and low-dose CT
pulmonary angiography at various body weights. European Radiology,
24(8), 1868-1877.

Tien, C. J., Winslow, J. F., & Hintenlang, D. E. (2011). A methodology for direct
guantification of over-ranging length in helical computed tomography with
real-time dosimetry. Journal of Applied Clinical Medical Physics, 12(2),
350-361.

UNSCEAR (United Nations Scientific Committee on the Effects of Atomic
Radiation). (2010). Sources and Effects of lonizing Radiation Volume 1.
New York. United Nations.

Van der Molen, A. J., Schilham, A., Stoop, P., Prokop, M., & Geleijns, J. (2013).
A national survey on radiation dose in CT in The Netherlands. Insights into
Imaging, 4(3), 383—-390.

Vano, E., Miller, D. L., Martin, C. J., Rehani, M. M., Kang, K., Rosenstein, M., &
Rogers, A. (2017). ICRP Publication 135: Diagnostic Reference Levels in
Medical Imaging. Annals of the ICRP, 46(1), 1-144.

Vassileva, J., & Rehani, M. (2015). Diagnostic reference levels. AJR. American
Journal of Roentgenology, 204(1), W1-W3.

130



Verdun, F. R., Racine, D., Ott, J. G., Tapiovaara, M. J., Toroi, P., Bochud, F. O.,
& Edyvean, S. (2015). Image quality in CT: From physical measurements
to model observers. Physica Medica, 31(8), 823-843.

Viry, A., Aberle, C., Racine, D., Knebel, J. F., Schindera, S. T., Schmidt, S., &
Verdun, F. R. (2018). Effects of various generations of iterative CT
reconstruction algorithms on low-contrast detectability as a function of the
effective abdominal diameter: A quantitative task-based phantom study.
Physica Medica, 48(April), 111-118.

Visscher, K., Jonkergouw, P., Pieters, B., Harbers, M., Zdllner, J., Geleijns, K.,
& Van de Kamer, J. B. (2012). NCS Report 21: Diagnostische
referentieniveaus in Nederland. The Netherlands. NCS, Delft.

Volgyes, D., Pedersen, M., Stray-Pedersen, A., Waaler, D., & Martinsen, A. C.
T. (2017). How different iterative and filtered back projection kernels affect
computed tomography numbers and low contrast detectability. Journal of
Computer Assisted Tomography, 41(1), 75-81.

Wardlaw, G. M. (2017). Diagnostic Reference Levels (DRLs): Concepts,
Canada, and Constraints. Health Canada.

Weitz, J. I., Fredenburgh, J. C., & Eikelboom, J. W. (2017). A Test in Context: D-
Dimer. Journal of the American College of Cardiology, 70(19), 2411-2420.

Wichmann, J. L., Hu, X., Kerl, J. M., Schulz, B., Frellesen, C., Bodelle, B., &
Bauer, R. W. (2015). 70 kVp computed tomography pulmonary
angiography potential for reduction of iodine load and radiation dose.
Journal of Thoracic Imaging, 30(1), 69-76.

Willemink, M. J., & Noél, P. B. (2019). The evolution of image reconstruction for
CT—from filtered back projection to artificial intelligence. European
Radiology, 29(5), 2185-2195.

Yang, B., Li, Z. L., Gao, Y., Yang, Y. Y., & Zhao, W. (2017). Image quality
evaluation for CARE kV technique combined with iterative reconstruction
for chest computed tomography scanning. Medicine (United States),
96(11), 2-6.

Yang, L., Zhuang, J., Huang, M., Liang, C., & Liu, H. (2017b). Optimization of
hybrid iterative reconstruction level and evaluation of image quality and
radiation dose for pediatric cardiac computed tomography angiography.
Pediatric Radiology, 47(1), 31-38.

Yu, L., Christner, J. A, Leng, S., Wang, J., Fletcher, J. G., & McCollough, C. H.

131



(2011). Virtual monochromatic imaging in dual-source dual-energy CT:
Radiation dose and image quality. Medical Physics, 38(12), 6371-6379.

Zamboni, G. A., Guariglia, S., Bonfante, A., Martino, C., Cavedon, C., & Mucelli,
R. P. (2012). Low voltage CTPA for patients with suspected pulmonary
embolism. European Journal of Radiology, 81(4), e580—e584.

Zarb, F., Rainford, L., & McEntee, M. F. (2010). Image quality assessment tools
for optimization of CT images. Radiography, 16(2), 147-153.

Zhang, D., Li, X., Gao, Y., Xu, X. G., & Liu, B. (2013). A method to acquire CT
organ dose map using OSL dosimeters and ATOM anthropomorphic
phantoms. Medical Physics, 40(8), 1-9.

Zhao, Y., Zuo, Z., Cheng, S., & Wu, Y. (2018). CT pulmonary angiography using
organ dose modulation with an iterative reconstruction algorithm and 3D
Smart mA in different body mass indices: image quality and radiation dose.
Radiologia Medica, 123(9), 676-685.

132





