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GLOSSARY OF TERMS

Anterior-posterior (AP) dimension: The anterior-posterior (AP) dimension is defined
as the measurement of the thickness of the body part being scanned from its anterior
to posterior aspects. Physical calipers and electronic calipers of the computed
tomography (CT) can both be used to obtain the AP dimension directly from the patient
and on the image (American Association of Physicists in Medicine (AAPM), 2011:3).

Clinical indication: Clinical indication is a valid reason to use medication for medical

matters, such as signs/symptoms or diseases/disorders (Sohn & Liu, 2014:1046).

Contrast media: Contrast media is also called contrast agents, that are used in
radiology to enhance the visualisation of certain body structures subjected to analysis
in a medical image (Alshowiman, Sahrah, Alswailem, Alotaibi, Altowaijiri & Alghathami,
2021:156).

Contrast-enhanced: Contrast-enhanced refer to iodinated contrast media that have
been administrated into a patient’s bloodstream intravenously during the scanning
procedure (SCP radiology, 2025: online).

Diagnostic reference level (DRL): Diagnostic reference level is an investigation level
used for the optimisation of protection in medical exposure during diagnostic and
interventional procedures (International Commission on Radiological Protection
(ICRP), 2017:13).

DRL quantity: Diagnostic reference level (DRL) quantity is a radiation metric that is
commonly calculated or measured to determine how much ionising radiation is used
to carry out medical imaging procedures (International Commission on Radiological
Protection (ICRP), 2017:21).

DRL value: A DRL value is an estimated value, set at the 75" percentile of the

distribution of medians in a healthcare facility or across multiple healthcare facilities in
a country (ICRP, 2017:21).

© Central University of Technology, Free State



O

Central University of
Technology, Free State

Dose length product (DLP): The DLP is a product of volume CT dose index (CTDlvol)
and scan length (cm), which is proportional to the total ionising energy (American
Association of Physicists in Medicine (AAPM), 2011:1).

Effective diameter: The effective diameter is calculated using a circular cross-section
of the patient when a given location on its z-axis is analysed (AAPM, 2011:4).

Lateral (LAT) dimension: The lateral (LAT) dimension measures the size of the body
part being scanned from side to side. Physical calipers and/or electronic calipers of
the CT unit can be used to obtain lateral dimension directly from the patient (physical

parameter) or on the CT image using the electronic calipers (AAPM, 2011:3).

Local diagnostic reference level (LDRL): Local diagnostic reference level is
determined by the third quartile (the 75™ percentile) of the distribution of patient doses,
for a defined imaging task collected from selected radiology departments in a large
healthcare institution or group of healthcare facilities, grouped according to

standardised patient characteristics (European Commission (EC), 2018:14).

National diagnostic reference level (NDRL): National diagnostic reference level is
calculated as the third quartile (75" percentile) of the median distribution of patient
doses obtained from a representative sample of radiology departments in a country,
for a defined clinical imaging task survey based on standardised patient groupings
(EC, 2018:15).

Nephroblastoma: Nephroblastoma is a type of kidney cancer usually seen in children
and only rarely in adults (Poole, 2010:324). Nephroblastoma tumours are considered

to be malignant since they develop rapidly and metastasise early (Yiallouros, 2017:3).

Optimisation of protection: Optimisation of protection means keeping the magnitude
of individual doses, number of people exposed, and potential risk for exposure below
the appropriate dose constraints, while incorporating economic and social factors
(ICRP, 2007:23).
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Size-specific dose estimate (SSDE): The size-specific dose estimate (SSDE)
estimates the dose for CT scans based on linear dimensions measured on or
determined from the patient or based on the patient's image, using patient size
corrections (AAPM, 2011:19).

Sum of the AP and lateral (LAT) dimensions: The sum of the AP and LAT
dimensions demonstrates a linear correlation with the effective diameter in an analysis
conducted in AAPM report No. 204 (AAPM, 2011:4).

Typical DRL: A typical DRL is an indication of the median data distribution for a DRL
quantity in a clinical procedure (ICRP, 2017:26).

Volume computed tomography dose index (CTDlo): The volume computed
tomography dose index (CTDlvol) represents the overall absorbed radiation dose
received across X, y and z directions (Bolowia, 2018:2) and is measured in milligray
(mGy) (Nyathi & Shivambu, 2019:350).

Vi
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I/mL: lodine per millilitre
IQR: interquartile range

IR: iterative reconstruction
kg: kilogram

kV: kilovoltage

kVp: kilovoltage peak

LAT: lateral

LDRL: local diagnostic reference level
mA: milliampere

mAS: milliampere-seconds
mg: milligram

mGy: milligray

mGy.cm: milligray per centimetre

mL: millilitre

mm: millimetre

n: number

N/A: not available

NDRL: national diagnostic reference level

N/I: not indicated

NS: not significant

PACS: Picture Archiving and Communication System
POPIA: Protection of personal information act
QC: Quality control

RDRL: regional diagnostic reference level
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CHAPTER 1: INTRODUCTION AND BACKGROUND

1.1 INTRODUCTION

Computed tomography (CT) was presented to clinical practice during the 1970s. In
recent years, a CT scan has become an increasingly common technique to diagnose
diseases (Parsi, Sohrabi, Mianji & Paydar, 2018:273). Computed tomography has
become essential to paediatric radiology with the ongoing technological
developments, being established as an important part of the diagnostic procedure
(Hojreh, Weber & Homolka, 2015:1574). As a lifesaving approach, CT is essential in
paediatric medicine as it is the golden standard for detecting and managing many
diseases (Afzalipour, Abdollahi, Hajializadeh, Jafari & Mahdavi, 2019:415). In a study
conducted by Shibata, Shibamoto, Maehara, Hobo, Hotta and Ozawa (2020:2), it was
found that paediatric patients often undergo CT screenings for diseases such as
neuroblastoma, soft tissue sarcoma, lymphoma, and skeletal anomalies. However,
paediatric CT poses a particular concern since paediatric patients have a higher risk
from radiation (Jarvinen, Seuri, Kortesniemi, Lanjunen, Hallinen, Savikurki-Heikkila,
Laarne, Perhomaa & Tyrvainen, 2015:86). The epidemiological studies have shown
an increased cancer risk associated with CT examinations (Jarvinen et al. 2015:86).
As stated by Muhammad, Abdul Karim, Abu Hassan, Ahmad Kamarudin, Ding Wong
and Ng (2020:2), the use a CT scan has previously led to severe deterministic, as well
as stochastic effects, due to sub-optimal scanning protocols. Hence, it is important to
pay attention to the justification and optimisation of paediatric CT examinations
(Jarvinen et al., 2015:87). The basis of optimisation is that of developing diagnostic
reference level (DRL) values (Saravanakumar, Vaideki, Goovindarajan, Devenand,
Jayakumar & Sharma, 2016:342).

The International Commission on Radiological Protection (ICRP) first proposed DRL
values in 1996 and subsequently introduced them into European and Irish legislation
(Saravanakumar et al., 2016:342). The ICRP describes DRL values as a form of
investigation levels applied to an easily measured quantity (Saravanakumar et al.,
2016:342). In practice, DRL values are recommended levels that an imaging facility

should use to examine its methods, and determine if acceptable image quality can be
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attained at lower doses (Habib Geryes, Hornbeck, Jarrige, Pierrat, Ducou Le Pointe &
Dreuil, 2019:19). When a DRL value has been exceeded for any procedure, an
investigation should be conducted as soon as possible to determine the possible
causes for exceeding a DRL value (ICRP, 2017:121). In addition, the ICRP (2017:31)
indicated that DRL values are not dose limits and are not based on individual patients

but rather on a specific group of patients.

Computed tomography utilises dose indicators, such as volume computed
tomography dose index (CTDlwl) and dose length product (DLP) as DRL quantities
(European Commission (EC), 2018:32). Most CT consoles display the CTDIlvo and
DLP for a particular patient's CT scan, based on the reference phantom selected by
the scanner. The reference phantom size does not take into account the size
differences between children and adults (ICRP, 2017:96). The American Association
of Physicists in Medicine (AAPM) developed a new dose estimate of CT exposure,
namely size-specific dose estimates (SSDE), which takes into consideration the
patient’s body size (Imai, Miyazaki, Horiuchi, Kurosawa & Nosaka, 2015:346). Dose
estimates based on the patient’s size are considered more precise; therefore, they
should be used when the size of a patient is available (ICRP, 2017:97). In addition,
different clinical indications for an examination may need different image qualities, and
consequently, different amounts of radiation (ICRP, 2017:32). Therefore, setting DRL
values without considering the clinical indication has little significance (ICRP,
2017:33).

A literature search was conducted to find paediatric local DRL (LDRL) values
developed for CT examinations in South Africa. The most recent paediatric LDRL
values were found in the study titled “An audit of radiation doses received by paediatric
patients undergoing computed tomography investigations at academic hospitals in
South Africa,” conducted by Van der Merwe and Mahomed (2020). They used the
CTDlvoi, DLP and patient age to develop LDRL values for CT brain, CT temporal
bones, CT cervical spine, CT trunk, CT chest and CT abdomen at two university
hospitals. Other paediatric LDRL values were found in a study conducted by Vawda
(2017) titled “Diagnostic reference levels for paediatric computed tomography”. Vawda

(2017) used the CTDIvol and DLP to develop paediatric LDRL values for emergency
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LDRLs FOR PAEDIATRIC CONTRASTED AB Cenral Unrsiy of NATIONS FOR NEPHROBLASTOMA

paediatric head CT scans based on the patient's age at a South African tertiary-level
hospital. However, paediatric CT LDRL values established, based on clinical
indications and the size of patients in South Africa, do not yet exist. Therefore, this
study was performed to develop paediatric LDRL values based on the SSDE and the
most common clinical indications for contrast-enhanced abdominal CT examinations

at the participating hospital.

1.2 BACKGROUND TO THE STUDY

A literature search was conducted to find similar studies where paediatric LDRL values
are developed based on a specific clinical indication with age, weight and effective
diameter linked for categorisation. The electronic search was conducted using search
engines such as Google Scholar and academic data bases such as EBSCOhost,
PubMed, Science Direct, and ProQuest. The research study conducted by Jarvinen et
al. (2015) used the patient’s weight linked with age to develop LDRL values based on
different clinical indications by analysing 1,049 paediatric patients’ CT scans at four
university hospitals. Jarvinen et al. (2015) used the CTDlvo, DLP, age and weight to
develop LDRL values for four CT examinations (CT chest, CT abdomen, CT head,
and CT chest, and abdomen) and four clinical indications (tumour, infection, trauma,
and angiography). The study of Hwang, Choi, Yoon, Ryu, Shin, Kim, Lee, You and
Park (2021) used SSDE to develop paediatric DRLs for age groups, weight groups
and effective diameter groups. Satharasinghe, Jeyasugiththan, Wanninayake,
Pallewatte and Samarasinghe (2022) also used SSDE for age groups and effective
diameter groups, whereas the study of Imai et al. (2015) only used SSDE for age
groups. Despite the use of SSDE by Hwang et al. (2021), Satharasinghe et al. (2022)
and Imai et al. (2015), no paediatric DRL values for nephroblastoma have been
identified. Clinical indications in these studies do not include nephroblastoma. It was
found through a literature evaluation that no documented paediatric LDRL values
existed for CT examinations to investigate and stage nephroblastoma in South Africa.
Moreover, currently, no studies have been found where paediatric LDRL values were

developed based on clinical indication and SSDE.
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1.3 PROBLEM STATEMENT AND RESEARCH QUESTIONS

1.3.1 Problem statement

Nephroblastoma was reportedly the most common clinical indication for paediatric
patients when they present for abdominal CT examinations at the participating hospital
(Lesetja, 2021). Furthermore, the use of CT is known to increase cancer risk over a
child's lifetime since children's organs and tissues are inherently more prone to cellular
damage than adults (Jarvinen et al. 2015:86). Therefore, the absence of established
clinical indication-based paediatric LDRL values in South Africa limits the ability to
identify unusually high dose levels and ensure optimal radiation protection during
contrast-enhanced abdominal CT examinations of paediatric patients who present

with nephroblastoma.

1.3.2 Research question

What are the paediatric LDRL values for contrast-enhanced abdominal CT

examinations for nephroblastoma cases to ensure optimised radiation usage?

1.4 AIM AND OBJECTIVES OF THE STUDY

1.4.1 AIM OF THE STUDY

The aim of the study was to establish paediatric LDRL values for contrast-enhanced
abdominal CT examinations of paediatric patients who present with nephroblastoma
in order to ensure optimised radiation usage.

1.4.2 OBJECTIVES OF THE STUDY

To achieve the aim, the following objectives of the study were pursued:

e To develop paediatric LDRL values that are linked to the patient’s weight
and age for contrast-enhanced abdominal CT examination for

nephroblastoma cases.
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e To compare LDRL values calculated using weight versus effective
diameter of the patient.
e To compare the clinical indication-based LDRL values with other
internationally published clinical indication-based LDRL values.

1.5 RESEARCH METHODOLOGY

This section discusses the methods that were used to establish paediatric LDRL

values for contrast-enhanced abdominal CT examinations based on nephroblastoma.

1.5.1 Demarcation and scope of the study

The study was conducted in an academic hospital in Bloemfontein. Data for this study
were collected retrospectively from the 8™ to the 12" of October, 2022 and also on the
24 of December, 2022.

1.5.2 Design of the study and modes of enquiry

The design of the study was descriptive, in which variables such as the DLP, CTDlvol
and SSDE were investigated using a quantitative research approach whereby
numerical data was utilised. Data on paediatric patients were collected retrospectively

and analysed mathematically.

1.5.3 Research tool for the investigation

Data for this research study were collected through a structured data recording
document (Appendix A). The structured data recording document was used to
retrospectively capture data, such as the patient's age, CTDlvoi and the DLP from the
CT dose report. The research tool used for this study will be discussed extensively in

Chapter 3 of the dissertation.
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