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Abstract

PURPOSE: There has been a huge increase in the use of abdominal CT scanning in recent
years. This has contributed to an increase in radiation dose administered to patients.
Abdominal CT scans generally require higher exposure factors when compared to other
anatomical regions. This drives a need for urgent optimisation of the radiation dose and image
quality for abdominal CT examinations. The aim of this thesis is to evaluate Fixed Tube
Current (FTC) and Automatic Tube Current Modulation (ATCM) on image quality and

radiation dose during abdominal CT examinations across a range of scanning parameters.

MATERIALS AND METHODS: Using a Toshiba Aquilion 16 CT scanner (120 kVp, 0.5
seconds tube rotation), an adult ATOM dosimetry and abdominal anthropomorphic phantom
were exposed to a series of FTC and ATCM CT protocols with variations in tube current as
follows: FTC - 100, 200, 250, 300 and 400mA; ATCM - low dose+, low dose, standard, quality
and high quality. The pitch factors evaluated included were 0.688, 0.938 & 1.438 and the
detector configurations included were 0.5%x16 mm, 1.0x16 mm and 2.0x16 mm. Radiation
doses for nine abdominal organs were directly measured using the Metal Oxide Semiconductor
Field Effect Transistors (MOSFET). Effective dose (ED) was measured and estimation
comprised of three methods: mathematical modelling with k-factors and dose length product
DLP, direct with MOSFET and indirectly with Monte Carlo simulation (ImPACT). Effective
risk (ER) was estimated using MOSFET data and Brenner’s equations / BEIR VI 2006 report.
The raw data for ATCM radiation dose was corrected using an equivalence equation. The
ATCM corrected and uncorrected data were compared against FTC. Image quality was
assessed using SNR (five abdominal organs) and a relative visual grading analysis (VGA)
method (five different axial images). Image quality evaluation was performed by the researcher

after testing agreement between against five different observers.

RESULTS: There were no significant differences in the mean radiation doses between FTC
and corrected ATCM across a range of acquisition protocols (P>0.05). This was with the
exception of the 300mA/quality protocols, and for a fast pitch factor with 0.5x16mm detector
configurations. These had significantly lower doses for FTC (P<0.05). These differences were
up to 13% for the mean abdominal organ doses, effective doses and the effective risk. In
addition, for all acquisition parameters, the mean radiation dose was significantly higher
(P<0.05; 17%-23%) for uncorrected ATCM when compared to FTC. Interms of image quality,
there were no differences in SNR values between FTC and ATCM for the majority of

acquisition protocols, excepting the higher mean SNR value (P<0.05) for the FTC at

XIX



100mA/low dose + and 200 mA/ low dose (pancreas, left and right kidneys). Conversely, the
mean SNR values were significantly higher (P<0.05) for the ATCM scans for 300mA/quality
and fast pitch factor (1.438) (liver, spleen and pancreas) than FTC. Finally, relative VGA scores
for both FTC and ATCM demonstrated no significant difference, except for ‘quality’ ATCM
scans (image # 1, image # 2) and a fast pitch factor (1.438) for image #2 and #3.

CONCLUSION: FTC and corrected ATCM were generally similar in terms of radiation dose
and image quality except for some acquisition parameters; 300mA/quality tube current and fast
(1.483) pitch factor FTC was lower than the corrected ATCM. However, the uncorrected
ATCM produced higher radiation dose when compared with FTC techniques. In addition, FTC
and ATCM generally produced similar SNR, again with the exception of some protocols. The
SNR was higher for FTC than ATCM at lower tube current (pancreas, left and right kidneys),
at 300mA/quality and fast pitch factor (1.438) SNR values for ATCM higher than FTC (liver
and spleen). However, the ATCM technique is able to produce higher mean relative VGA
scores for upper and middle abdominal organs. Further investigation of image quality and
radiation dose difference between FTC and ATCM is required.
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Chapter One: Introduction

1.1 Introduction

The clinical applications of CT have increased in recent years due to rapid technological
developments and innovations in this imaging field. CT provides an opportunity to study the
body’s anatomy, and diagnose and investigate diseases. Advances in technology have led to
improved image quality and the ability to gain added diagnostic information that can benefit
patients (Kachelrie B & Noo, 2017). There are notable risks associated with the use of ionising
radiation, one of which is the induction of cancer. This risk arises not only from higher
radiation dose techniques, but also from the increased uptake of imaging. As with all fields of
medicine, CT imaging’s risks should be adequately understood and balanced against its
benefits. The risk of radiation induced cancer would linearly increase in the absence of a ‘safe’
threshold. Therefore, the ultimate goal of CT imaging is to minimise radiation exposure whilst

maintaining optimum image quality for diagnosis (Russell et al., 2008).

In 2010, the United Nations Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR) estimated the contribution of CT to total global collective radiation dose at about
43% (UNSCEAR, 2010). In the United Kingdom, CT accounted for 60% of the total radiology
collective effective dose between 2005 and 2006 (Hall & Brenner, 2008). In Germany, the
contribution of CT was slightly higher for public hospitals (60%) than private practice (43%)
(Brix et al., 2009). In the United States, CT accounted for up to 67% of the collective radiation
dose, despite comprising of only 11 - 13% of all diagnostic ionising radiation examinations
(Mazonakis et al., 2007). The increase in the collective radiation doses from CT has raised
concerns about the potential risks from diagnostic radiation. Therefore, it is important to
optimise the doses administered to patients in line with the as-low-as-reasonably-achievable
(ALARA) principle. The need to minimise radiation dose has led to increased medical,
regulatory and public scrutiny. A 2011 report estimated that the typical effective doses for
common CT examinations in the UK were 20% higher for CT head and up to 400% higher for
high-resolution chest CT, compared with 2003 estimates (Shrimpton, Jansen & Harrison,
2015).

Radiation dose during CT imaging can be quantified in terms of scanner radiation output,
absorbed dose 