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ABSTRACT

Introduction:

Diagnostic Reference Levels (DRL) is a crucial element of auditing radiation dosages in
paediatric computed tomography (CT). Currently, there are no national paediatric CT DRLs in
South Africa.

Methods:

Computed Tomography Dose Indexvoume (CTDIvor) and Dose Length Product (DLP) values
were collected from paediatric CT examination done at two university hospitals, in patients
aged 0 to 15 years. Four age groups were subcategorized. The 75" percentile of the data
distribution was calculated for each CT examination type and age group and comparisons made
using the quantile regression procedure.

Results:

During the retrospective audit from 1 November 2016 to 30 April 2017, a total of 1031 CT
examinations were done. CT Brain examination was the most common examination done
755/1031 (72.23%), followed by CT of the abdomen 82/1031 (7.95%). There was increased
DLP values in the afterhours categories at both hospitals with the largest increase compared to
regular working hours in the age group 0-1 year (150.56%). In the 0-1-year age groups
demonstrated higher values than expected for CT Abdomen and CT Chest.

Discussion:

The increased CTDIvoi and DLP values for CT Abdomen and Chest in the 0-1-year group is
most likely due to suboptimal protocols, and these should be reviewed. Strategies to limit
radiation exposure in afterhours needs to be implemented. In comparison to international DRLs
the radiation output levels compared favourably apart from the 0-1- year age category for CT
Chest and CT Abdomen.

Conclusion:

CT body examination protocols for 0-1-year patients should be reviewed. In general, the
proposed local DRLs compare favourably to international DRLs. The data of this study will be
presented to the South African Society for Paediatric Imaging to aid in the establishment of
national DRLs.

Vi
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CHAPTER 1: REVISED PROTOCOL
1. Introduction

1.1. Increase in computed tomography investigations

Since the advent of computed tomography in the 1970s, there has been a marked increase in the use of this modality.
It was estimated that more than 62 million CT investigations were performed in the United States of America in 2007
as compared to 3 million investigations in 1980. Four million of the 62 million investigations was performed on the
paediatric population. (1). In Canada, there has been an increase in CT examinations of 44% in the period between
2004 and 2012. (2). This increase is a global tendency, especially in developed and developing countries. Several
reasons have been postulated for the increase and can be attributed to the advances in technology, which led to an
increased in speed, accuracy, versatility and availability of CT. The increase in speed and accuracy is responsible for a
proportionally higher increase in the usage of computed tomography in the paediatric population. (1, 3).

1.2. Effects of Radiation

1.2.1. Radiation interaction with tissue

CT uses ionising radiation for image acquisition. Several factors determine the effect of radiation on biological tissue.
Radiation factors affecting the interaction with tissue includes the absorbed dose, exposure rate, radiation source and
energy. In the case of CT investigations, the radiation source and energy are constant. Several inherent biological
factors of the tissue itself affect the effect of radiation on it.

Biological effects of radiation exposure can be classified as either stochastic or deterministic. Deterministic effects are
achieved when there is cell death from radiation exposure. Thus, the tissue needs to be exposed to a certain level of
radiation before a deterministic effect would take place. An increase in dose above this level will then also increase
the severity of the effect. Deterministic effects require significantly higher doses than what is used in conventional
radiography and are not applicable to CT radiation doses. (4).

However, the stochastic effect is defined as an increase in the probability of an effect to occur when there is anincrease
in the radiation dose. Thus, even minimal radiation dose exposure carries a risk for a stochastic effect. Furthermore,
an increase in the radiation dose increases the risk for a stochastic effect to take place. (4).

The stochastic effects include risk for teratogenesis, carcinogenesis and genetic effects of radiation exposure. These
risks are influenced by a complex interaction between radiation and organ and tissue characteristics.
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1.2.2. Radiation in Children

In the paediatric population, the most important radiation effect to consider is the stochastic effect of carcinogenesis.
(4).

Radiation factors that affect the risk of carcinogenesis are the radiation quality and dose rate. The radiation dose in
CT (x-rays) is considered a low linear energy transfer (LET) and carries a significantly lower risk on tissue than high —
LET radiation. The dose rate is vital in cases where the patient is exposed to repeated radiation. The shorter the
period between the radiation exposure, the less time the affected organ has for the repair of the damaged tissue and
the more likely carcinogenesis will take place (5).

The Law of Bergonie and Tribondeau states that radio-sensitivity is greatest for those cells which have a high mitotic
rate, have a long mitotic future and are undifferentiated. The above factors explain the increased risk in in-utero
radiation. The key factors to consider in the paediatric population is the high mitotic rate and long mitotic future.
From this, it is hypothesised that the younger the patient is, the higher the risk is for carcinogenesis from radiation
exposure. (4).

Radiation-induced malignancies exhibit a latency period from radiation exposure to clinical expression. Minimum
latent period for leukaemia is 2-3 years and solid organ malignancies ranging from 5-40 years. This finding implies that
the rate of expression of radiation-induced malignancy is inversely related to the age of the patient at the time of
exposure (4).

1.3. As Low As Reasonably Achievable Principle

One year following Roentgens discovery, he was advised by the American Engineer, Wolfram Fuchs, to limit the time
of exposure, to stand 30 cm away and to put Vaseline on the object (hand) being imaged. Since then, there has been
a growing awareness of the detrimental effects of radiation and the idea of a radiation protection commission was
born at the first international radiological congress in 1925. It was only after the second world war in 1950 that the
International Commission on Radiological Protection was established (ICRP) (6).

ALARA is an acronym for As Low As Reasonably Achievable. It is a concept cultivated from the observation of the
effects of radiation and the application of the Hippocratic philosophy to: “first do no harm”, by several regulatory
bodies, including the ICRP (7). After the advent of CT and the increase in diagnostic imaging in the paediatric
population, several regulatory organisations expressed the need for Diagnostic Reference Levels to monitor paediatric
radiation doses in the different imaging modalities. Subsequently, there has also been the formation of the Image
Gently campaign, that advocates for lower paediatric radiation doses and diagnostic reference levels.
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1.4. Measurement of Radiation

In CT, radiation is measured as air kerma to the skin, which is expressed as Computed Tomography Dose IndeXyolume OF
CTDlvo. However, not all tissues are equally sensitive to the effects of radiation, and each tissue has an established
tissue weighted factor that is multiplied by CTDl,. to determine the absorbed radiation of the tissue. The character of
CT investigations is that it involves large areas of the body, encompassing several different tissues, and this
measurement can become quite complicated. Therefore, most measurements include CTDlyo rather than CTDI,, (4,
8).

The CTDlvoi however, only gives an estimation of the air to skin kerma for one detector width. Therefore, the Dose
Length Product (DLP) is necessary for a more accurate estimation of the radiation received. The DLP is the product of
the CTDlyo and the length of the area being scanned.

All CT scanners need frequent, preferable daily, calibration and quality control. Quality control is usually done with a
standardised phantom (16 cm for head and 32 cm for the body). The CT detector then determines the radiation for
the specific test as a quality assurance function. Thus if an inappropriate phantom is used for a specific quality
assurance check, the readout radiation values will be inaccurate and could potentially cause increased radiation
exposure to the patient. (4)

1.5. Diagnostic Reference Levels

1.5.1. Definition

The European Union Basic Safety Standard defines Diagnostic Reference Levels as follows: “dose levels in medical
radio-diagnostic or interventional radiology practices, or, in the case of radio-pharmaceuticals, levels of activity, for
typical examinations for groups of standardised patients or standard phantoms for broadly defined types of
equipment” (8).

The goal of developing and publishing diagnostic reference levels is to help ensure that radiation exposure to patients
follows the ALARA principle (8).

The Diagnostic Reference Level for Paediatric Imaging workshop defined local DRL or LDRL as determined by the 75t
percentile value of the distribution of patient doses received from radiology departments in a single large health centre
or group of health centres within a defined district for a defined clinical imaging task for standardised patient
groupings.

The Diagnostic Reference Level for Paediatric Imaging workshop further defined national diagnostic reference levels
or NDRL which is based on the 75" percentile value of the 50" percentile value of the distribution of patient doses

7
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obtained from a representative sample of radiology departments in the country, for a defined clinical imaging task in
standardised patient groupings.

1.5.2. Diagnostic Reference Levels in Developed Countries

There have been several retrospective studies and surveys of to determine local and national diagnostic reference
levels in the developed world, including United States of America, Canada, members of the European Union, Australia
and Japan. Most NDRLs were determined by surveys and LDRLs by local data collection.

There was a significant variation in the design of these studies. The variation pertained to the following: 1) categories
for the type of CT examination, 2) using age or weight for categorisation and 3) obtaining phantom versus patient data
(2,8,9,10,11).

The European Diagnostic Reference Levels for Paediatric Imaging workshop made suggestions for future studies after
reviewing the research data from its member countries. These suggestion were based on the impact of the different
studies and application of the studies to determine diagnostic reference levels (8).

The task team proposed that the best stratification for the type of CT examination is as follows: Head (routine, sinuses,
inner ear, ventricular size), Chest (Chest, cardiovascular CT angiography), Abdomen (upper abdomen, abdomen and
pelvis), trunk (neck and chest and abdomen as well as pelvis with regards to polytrauma or oncology), Spine (cervical,
thoracic, lumbar) (8).

With regards to age categorisation, it recommended the following divisions: 1) that age be used for head CT: 0to <3
months, 3 months to < 1 year, 1 year to < 6 years, > 6years. 2) weight is a more accurate denominator than age in
determination of body CT doses: <5kg; 5-<15kg; 15-<30 kg; 30-<50 kg; 50-<80kg (8). If weight is not available age
groups were suggested for body type CT examinations: 0to <1 year, 1to <5 years, 5 to <10 years, 10 to <15 years and
>15 years.

1.5.3. Diagnostic Reference Levels in African and other developing countries

There is only a limited amount of research for diagnostic reference levels and computed tomography doses in the
paediatric population in Africa. A recent study on 19 developing countries included several North and East African
countries as well as a survey of paediatric CT doses in Kenya (12, 13). The Kenyan study found that there was significant
variation at the different centres and that in general, the received dose was higher than already established DRLs.
Further review found significant variation in doses received by the paediatric population, likely the result of a high
incidence in using adult protocols in paediatric CT examinations (12).
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1.5.4. Diagnostic Reference Levels in South Africa.

There exists only one publication on developing local DRLs in South Africa. The study was at a tertiary hospital in the
Western Cape and was limited to un-contrasted CT Brain examinations. The study population included 90 patients
who presented to the trauma and emergency unit and was divided into three categories, according to age. The age
categories were 0-2, >2-5 and >5-10 years. It concluded that the radiation received for the age group 0-2 years was
out of the range of comparative diagnostic reference values (14).

The limitation of this study is as follows: a) limited to one centre, b) limited to one CT investigation, c) limited age
stratification, d) small study population.
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1.5.5. Table 1.1 Summary of relevant diagnostic reference level research

Study Country/ | Data Source Number | Study Patient Exam types Dose value Significant Radiation Comment
Region of population | grouping Findings
Centers
Jarvinen et Finland Patient 9 286 According to Brain and Chest 3rd Significant variation in Limited
al., 2011(15) data weight quartile radiation in Chest CT examination
DLP grouping
Jarvinen et Finland Patient data 4 1049 According to Head, Chest and 3rd Radiation was lower than
al., 2015 age for head Abdomen quartile comparison studies.
and weight for CTDlyol, National DRLs proposed.
body. DLP
Roch & France Patient data Not Not given. | 1y /10kg Brain, Facial 3rd Disconcordance between Unable to
Aubert, given 5y /20kg bones, Chest, quartile regulatory examinations comment on the
2013(16, 17) 10y/30kg Abdomen/ CTDlyol, and clinical practice. size of the study
Pelvis DLP population.
Granata et Italy Patients 25 993 1-5y, Head, Chest, 3rd Wide variety in radiation Limited age and
al., 2015(17) 6-10y, Abdomen quartile doses between different examination
11-15y CTDlyol, centres. grouping.
DLP
Shrimpton United Sample Proto- Not 126 0-1y, Head, Chest 3rd 50% reduction in dose since | Limited age and
etal., Kingdom | cols given. Sy, quartile 1991. examination
2006(18) 10y CTDlyol, grouping.
DLP Small study
population.
Galanski et Germany | Survey on 42 10100 New-born, <1yr, | Brain, facial 3rd Radiation levels were lower
al., 2006(9) patient data 1-5y bones/sinuses, quartile than European guidelines at
6-10y chest, CTDlyol, the time.
11-15y abdomen/pelvis, | DLP

10
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spine and
miscellaneous.

Wardlaw et Canada Survey patient | Not 721 0-3y Head, Chest and 3rd Radiation levels were
al., 2014(2) data given 3-7y Abdomen. quartile comparative to
7-13y CTDIVOL, international standards.
DLP
Jackson et al., | Australia Patient data 12 1462 0-15y Head, temporal Diagnostic Radiation levels
2015(19) and New Age for cranial bone, paranasal reference comparative to
Zealand examination sinuses, chest, Range (DRR) | international standards.
and transverse HRCT chest, defined by SSDEs can be calculated for
diameter for abdomen/pelvis 25t and 75t | all patients.
body percentiles.
examinations
Sulieman et Sudan Patient data 8 296 6-10y Head, abdomen Mean DLP Radiation dose higher than Limited age
al., 2015(20) and chest other countries. grouping.
Muhogora et | Tanzania | Patient data Not Not given 1-5y Head, chest and Mean DLP Significant variation of Limited age
al., 2016(21) given 5-10y abdomen radiation doses. grouping.
Higher radiation doses than | Unknown study
other countries. population size.
Vawda et al., South Patient data 1 90 0-2y Head Mean DLP Higher mean DLP in the age | Limited age and
2016(14) Africa 2-5y group < 2 years, compared examination
5-10y to international DRLs. grouping.
Small study

population size.

11
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2. Rationale

Diagnostic reference levels for different modalities have been developed in most developed countries
to guide reduction in radiation exposure to the paediatric population. This was mostly in response to
the ICRP recommendations and the Image Gently campaign. Currently, there are no diagnostic
reference levels available for paediatric CT examinations in South Africa.

The intended outcome of this study is to provide enough data in order to establish local diagnostic
reference levels for CT investigation in the paediatric population.

3. Aim of the Study

The aim of the study is to do an audit on the radiation doses received by the paediatric population
(aged 0 to 15 years) undergoing CT investigations at two of the academically affiliated hospitals of the
University of the Witwatersrand.

4. Study Objectives

4.1. Determine the radiation exposure of paediatric patients undergoing computed tomography
examination in the affiliated University of Witwatersrand’s academic hospitals and compare the results
with existing European and international DRLs (8).

4.2 Determine type of phantom used, as well as other parameters which influence radiation exposure
during computed tomography examination. (22, 23).

4.3. Determine at which time of day (during regular working hours, after-hours or weekends) the
investigation was done and whether it affects the radiation exposure (22, 23).

12
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5. Methods

5.1. Research paradigm

The research paradigm is a retrospective, descriptive study. The radiation doses received by the
paediatric population was documented and categorised.

5.2. Study period

The study population was all paediatric patients who underwent CT investigations at either Charlotte
Maxeke Johannesburg Academic Hospital or Rahima Moosa Mother and Child Hospital from 1
November 2016 to 30 April 2017.

5.2.1. Inclusion criteria

All CT examinations of patients aged between new-born and 15 years are included.

5.2.2. Exclusion criteria

Patient with incomplete data with regards to the CTDl,o;, DLP and type of examination were
excluded.

5.3. Materials and Methods

Data collection was documented in an excel spreadsheet with the appropriate categories. See
Appendix 1.

13
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Table 1.2 Specifications of CT scanners’ data, which was included in the study.

Hospital CT Make and Model Number of detector rows
Charlotte Maxeke Academic Philips Ingenuity 128

Hospital Philips Brilliance 64

Rahima Moosa Mother and Child Philips Brilliance 16

Hospital

These CT scanners are operated by CT trained radiographers. The radiation doses (CTDly, and DLP) are
automatically generated by the CT software after each examination. These values are then either
documented in a logbook or saved onto the local PACS.

5.4. Data collection

5.4.1. Establish patient categories with regards to the type of examination and age of the

patient.

The European literature review on diagnostic reference levels pointed out that inconsistency with
categorisation led to incomparable studies and occasionally to a failure to develop diagnostic reference
levels (8). The South African study on diagnostic reference levels concluded that the more narrow the
age group category, the more the radiation parameters was outside the comparable diagnostic
reference levels (14).

Although the European Guidelines suggest categorisation by weight for body CT examination, the two
radiology departments included in the study does not consistently document the weight of the patient.
A study by Vassileva et al. in 2015 proved that using age instead of weight for grouping of patients
undergoing body CT examinations is acceptable in resource-limited countries, as long as each group
studied contains more than 30 subjects (24). Therefore, the age categories will be the same for head
and body examinations (0 < 1 year; 1 year- < 5years; 5 years - < 10 years; 10 years - < 15 years). Patients
older than 15 years of age are not included in this study, as they are generally not considered paediatric
patients in the studied academic hospitals. (8).

The examination types were: Brain, Temporal Bones, Paranasal sinuses, Orbits, Neck (soft tissue),

Cervical spine, Spine, Trunk, Chest, Abdomen, Muskuloskeletal, Peripheral CT angiography(8).

5.4.2. Collection of data.

The data collected for each study included: a) date and day of the week of study, b) time of the study,

c) age of the patient, d) body part and whether a single or multi-phase protocol was used (8-10, 14).
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The data was retrieved from the PACS at the Charlotte Maxeke Johannesburg Academic Hospital and
from the storage hard drive on the local area network at the Rahima Moosa Mother and Child Hospital.
The radiation exposure levels (CTDly, and DLP) was captured on a data sheet according to the
categories named above. See Appendix 1.

5.5. Reliability and validity

The study would be easily reproducible due to specific parameters used and a well-defined study
population.

This study design was based on previously published articles from which diagnostic reference levels
have been successfully obtained and been able to compare. It is also following the recommendation
of the European Guideline on diagnostic reference levels (2, 8-10).

5.6. Bias

No significant research bias is foreseen for this study design.

6. Data analysis and statistics

The radiation exposure levels (CTDlyo and DLP) was categorised according to age, date, time of study
and body part.

Median, average and 75™ percentile of radiation exposure distribution was determined for each age
and examination type category. Confidence intervals were obtained using the means procedure.

The results were compared between hospitals, as well as time categories using the quantile regression
procedure to establish confidence intervals.

The 75" percentile of the data distribution for each of the CTDI,, and DLP values of each of the age
and examination type categories was determined and compared to the European and other countries’
national diagnostic reference levels.

15



CHAPTER 1: REVISED PROTOCOL

7. Outcome

The data was used to suggest Local Diagnostic Reference Levels, as well as to present the results to
the South African Society of Paediatric Imaging (SASPI), with the end goal to eventually establish
National Diagnostic Reference Levels.

8. Ethics

Ethics approval has been obtained by the Ethics committee of the University of the Witwatersrand as
well as the individual hospitals. Ethics Clearance Certificate nr. M170634.

No consent will be needed as study numbers will be used (thus anonymously) to maintain patient
confidentiality. There will be no harm to the patients, as this is a retrospective study, and in fact, the
outcome of the study is to reduce harm to patients, by optimising radiation safety protocols. There is
no financial implication for the patients involved in the study.
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8. Time allocation:

Table 1.3
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July 2016-
Literature search October
2016
January
2017 -
Reading literat
eading literature February
2017
Summarising literature March 2017
s — April 2017
Preparing Protocol March 2017
paring — April 2017

Protocol Assessment June 2017
Ethics application June 2017
June —
Hospital consent August
2017
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Collecting data

August
2017 —June
2018

Data analysis

June 2018 —
December
2018

Writing up thesis

January
2018 — June
2019

Submit: marking

August
2019

Writing up paper

July 2019 —
August
2019
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9. Budget:

Table 1.4
Transport R1000
Stationary R500
Statistician R4000
Total R5500
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Appendix 1: An audit on radiation dose received by the paediatric population undergoing CT investigations at the WITS academic hospitals

RADIATION EXPOSURE: PAEDIATRIC CT: DATA CAPTURE

Hospital: Data Sheet Number : /.
CT Scanner:
Age group (tick appropriate) Head Chest Spine Peripheral CT angiogram
I Sinuses Temporal Bones ventricles Chest Cardiovascular Abdomen and Pelvis___|cervical Thoracic Lumbar Upper limbs _JLower limbs
Study number Date | Day of Week | Time (24hr) 0-<im im-<1y | 1y-<sy | 5y-<10y | 10-<15y | Value [Multiple
cToI
1 bLp
cToI
2 pLP
cToI
3 DLP
cToI
4 DLP
cToI
5 pLP
Ic_rm
6 |2LP
cToI
7 |2LP
cToI
8 pbLp
cToI
9 |£LP
cToI
10 pLP
cToI
11 pLP
cToI
12 pLP
cToI
13 pLP
cToI
14 pLP
cToI
15 pLP
cToI
16 pLp
cToI
17 pLp
cToI
18 bLp
cToI
19 bLp
cToI
20 pLP
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ABSTRACT

Background:

Diagnostic Reference Levels (DRLs) are a crucial element of auditing radiation doses in
paediatric computed tomography (CT). Currently, there are no national paediatric CT DRLs in
South Africa.

Methods:

Computed Tomography Dose Indexvoume (CTDIvor) and Dose Length Product (DLP) values
were collected from paediatric CT examination done at two university hospitals. The 75%
percentile of the data distribution was calculated for each CT examination type and age group
and comparisons made using the quantile regression procedure.

Results:

During the audit period, a total of 1031 CT examinations were done. CT Brain examination
was the most common examination done, 755/1031 (72.23%), followed by CT of the abdomen,
82/1031 (7.95%). DLP values were increased in the after-hours categories compared to regular
working hours at both hospitals, with the largest increase in the age group 0-1 year (150.56%).
The 0-1-year age groups demonstrated higher values than expected for CT Abdomen and CT
Chest.

Conclusion:

CT body examination protocols for 0-1-year old patients should be reviewed. Strategies should
be implemented to limit higher doses in after-hours examinations. The proposed local DRLs
compare favourably to international DRLs. The data of this study will be presented to the South
African Society for Paediatric Imaging to aid in the establishment of national DRLs.
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INTRODUCTION

Computed tomography (CT) has added tremendous value in diagnosis and in establishing
treatment plans for patients since its advent in 1971. Since then, there has been an exponential
increase in the usage of CT. [1]. This increase is due to several factors, including, but not
limited to rapid evolvement of technology and advancements in hard- and software, which led
to improved image quality and reduced duration for CT examinations. [2,3]. In addition, the
geopolitical and socio-economic trends since the late 1990°s also contributed to greater access
to medical resources and equipment, specifically in the industrialised world. [4]. The number
of CT scanners per million people in Japan increased from 14.36 to 107.14 from 1980 to 2017.
This increase has been the most significant in the developed world, but an increase in the
amount of CT scanners was also observable in the developing world, for example, in Turkey,
where the number of CT scanners increased from 4.89 per million in 2002 to 14.53 per million
people in 2016. [4]. The advances in availability and increase in applications, also made CT
investigations popular in the paediatric patient population. In the Netherlands, the total number
of paediatric CT scan examinations increased from 7731 in 1990 to 26 023 in 2012. [5]. Similar
trends were established in the rest of the developed world. [6].

Even though there was suspicion of harmful effects from ionising radiation to the human body
shortly after Roentgen took his first radiograph in 1895, the first International Radiation
Congress only discussed possible radiation protection standards in 1925. In the aftermath of
the Second World War, the International Commission of Radiation Protection (ICRP) and
United Nations Scientific Committee on the Effects of Atomic Radiation was formed and has
since played a major role in radiation research and protection. [7]. The concept of keeping
radiation dose “As Low As Reasonably Achievable” (ALARA) has been around since 1915
and is compatible with the medical ethical mantra of “first do no harm”. [8]. Furthermore,
evidence from the second world war and radiation accidents has proved that the younger the
patient is, the higher the risk is for adverse radiation effects. The increased risk is due to the
presence of more undifferentiated cells, and the cells have a higher mitotic rate as well as a
longer mitotic future. [1,9]

The IRCP has recommended diagnostic reference levels (DRL) for all diagnostic and
interventional radiological procedures since 1991, as a measure to ensure radiation protection.
[6]. The Image Gently Alliance and campaign, which started in 2007, promoted the ALARA
principle and since then has become one of the primary considerations in paediatric imaging.
[3]. Since 2007, there has been a reduction in the annual increase of paediatric CT examinations
in the developed world. [5]. This increase is likely due to the successes of radiation awareness
programs.

Following recommendations by the ICRP to establish DRLs, there have been a significant
number of audits and DRL proposals in the developed world. As of 2013, the European
Diagnostic Reference Levels for Paediatric Imaging (PiDRL) workshop has driven a campaign
to establish European DRLs. [10].

There have been very few studies or audits on paediatric CT doses to establish CT specific
DRLs in the developing world. There is only one other study from South Africa, auditing CT
doses in a tertiary hospital on non-contrasted paediatric brain CT scans. [11].
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South Africa is considered the most industrialised country and the second-largest economy in
Africa but has one of the highest levels of inequality. Most of the population is medically
underserviced due to resource constraints in the public health sector. [12]. Apart from a heavy
workload required from the radiological equipment, there are also restraints on human resources
and quality control. In addition to this, the absence of established DRLs limits the ability to do
routine audits to ensure optimal radiation protection. It is, therefore, of utmost importance to
audit paediatric CT doses in South Africa to establish DRLs.

The aim of this study was to establish local paediatric DRLs for CT examinations in two major

academic hospitals affiliated to the University of the Witwatersrand, Johannesburg, South
Africa.

Other objectives were to audit radiation doses and compare paediatric CT investigations
radiation output levels and to established DRLs in the developed and the developing world. An
additional objective was to evaluate whether there was any difference between the hospitals, as
well as between regular work hours and after hours.
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MATERIALS AND METHODS

Design: The study was designed as a retrospective descriptive study.

Dosimetry: The European Guidelines suggest using the Computed Tomography Dose Index
volume (CTDIvor) and Dose Length Product (DLP) as CT dose descriptors. [10]. “ CTDIioo is a
measure of the CT scanner’s radiation output measured with a 10cm long ionization chamber
at five positions in a cylindrical phantom of 16 cm diameter, for paediatric CT. The weighted
CTDI (CTDlwy, is calculated by establishing the CTDI 100 for the centre, as well as the periphery
of a cylinder and combining these. In helical CT scanning, the dose is inversely related to the
pitch (number of rotations of gantry per distance moved by the examination bed). CTDIw
divided by the pitch equals CTDIvo. CTDlIvor 1s expressed in the international system of units
(SI units) as milligray (mGy). DLP is the product of the length of the scanned area with the
CTDlvol. [13]. DLP is expressed in milligray-centimetre (mGy*cm).

Study population: The data collected was the CTDIvw and DLP -values for each CT
examination of paediatric patients (age less than 15 years) during the six-month period from
the Ist of November 2016 until the 30th of April 2017 at the following hospitals: Charlotte
Maxeke Johannesburg Academic Hospital (CMJAH) and Rahima Moosa Mother and Child
Hospital (RMMCH). These hospitals are situated within the City of Johannesburg Municipality
in Gauteng, South Africa.

Data Collection: The data was retrieved from the PACS system from CMJAH and the local
area network at RMMCH. Data was categorised and tabled for each CT scanner and further
categorised according to the type of study and the age group. The CT Brain data was also
categorised into three different time categories, as follows: Weekdays (Monday to Friday from
08:00 — 16:00); Afterhours (00:00-08:00 and 16:00 — 24:00 from Mondays to Fridays);
Weekends and public holidays (00:00 — 24:00 Saturdays and Sundays, as well as public
holidays).

The categories were chosen as per recommendation from the European Diagnostic Reference
Levels for Paediatric Imaging Workshop in 2013. [10]. All CT investigations were included
and categorised according to the anatomical region of interest. The data could not be
categorised according to indication, as the indication was not available on the database. The
age groups were divided into 0 to <1 year; 1 Year to < 5 years, 5 years to <10 years and 10
years to <15 years. The European Commission suggests categorising the CT Body
examinations according to weight, but patients’ weight was not available from the database.
The time of day and day of the week was recorded for each study.

Data Analysis:

The distribution of the CT examinations in this study sample was tabled using the frequency
procedure.

For statistical analysis of the CTDIvol and DLP values, only the single-phase CT examinations
were included in the study sample. In paediatric imaging, the most common reason for multi-
phase scanning is usually due to a planning or technical error, in which case the data would
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then be unreliable, and therefore the multi-phasic CT examinations were excluded.
Furthermore, the data from CT orbits, CT paranasal sinuses, CT musculoskeletal, CT whole
spine and CT peripheral angiography were excluded from further analysis as the sample sizes
were too small.

From these categorised data sets for CT brain, CT temporal bones, CT neck, CT cervical spine,
CT chest, CT trunk and CT abdomen, the dose distribution for each study type in each age
category was determined for each hospital, in the case of CT brains, and the two hospitals
combined for the other CT examination types.

Using the means procedure, the average, median and 75™ percentile of the data distribution,
with confidence intervals, was then calculated for each category for each examination type.
Local Diagnostic Reference Levels are defined as the 75" percentile of the data distribution.
[10]. The local DRLSs in this study was the 75" percentile value for each category, rounded up
to the nearest single digit for CTDI and the nearest 5 for DLP.

The data was then compared to similar studies with local and national DRLs.

In addition, the CT Brain results were compared between the two hospitals according to the
following parameters: a) total number of single- vs multiphase scans using the frequency
procedure, b) difference in CTDIyvot and DLP 75" percentile values between the two hospitals
for each age group and time category, using the Fisher’s exact test. Furthermore, the quantile
regression method was used to compare the 75™ percentiles in different groups by calculating
95% confidence interval for the difference between percentiles. If the 95% confidence interval
for the difference does not contain 0, the percentiles are significantly different.
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RESULTS

Distribution and frequency of CT examinations:

The audit period for the six months from 1 November 2016 to 30 April 2017 included 1031
paediatric CT examinations from RMMCH and CMJAH. Refer to Table 1.

CT Brain examinations, 755/1031 (73.23%) was the most common CT examination, followed
by CT of the abdomen, which was 82/1031 (7.95%). Refer to Table 1 and Figure 1.

The 1-5-year age group underwent the highest number of CT examination, which was 341/1031
(33.07%).

In the 0-1-year group, the most common examination was CT Brain (195/238 — 81.51%)),
followed by CT Chest (18/238 — 7.56%).

In the 1-5-year group, the most common examination was CT Brain, (263/341 — 77.13%),
followed by CT Abdomen (24/341 — 7.04%), and CT of the cervical spine, (17/341 —4.99%).

Similarly, in the 5-10-year age group, the most common examination was CT Brain, (159/236
— 67.37%%), followed by CT Abdomen (23/236 — 9.75%%), and CT of the cervical spine,
(13/236 — 5.51%).

In the 10-15-year age group, the most common examination was CT Brain, (138/216 —63.89%),
followed by CT Abdomen, (27/216 — 12.5%), and CT of the temporal bones, (10/216 —4.63%).
(Table 1 and Figure 2).

Single- vs Multi-phasic CT examinations:

As mentioned before, the data used to calculate the data distribution included single-phase CT
examinations only.

The highest amount of multi-phase CT studies were in the CT Brain 0-1-year age category,
(26/195 - 13.33%). The 0-1-year age category also revealed the highest multi-phase studies for
CT of the chest, (6/18 - 33.33%) and CT of the abdomen, (4/8 - 50%). Refer to Figure 3.

During the six months, there was a total of 755 CT brain studies between the two hospitals.
554/755 (73.38%) of the scans were done at CMJAH. The highest number of CT Brain
examinations were done during weekdays regular hours (464/755 - 61.46%). 38/554 (6.86%)
of the CT Brains at CMJAH were multi-phasic examinations compared to 30/201 (14.93%).
All the multi-phasic CT Brains at RMMCH were done during regular hours on weekdays with
a total number of 30/161 (18.63%). Refer to Figure 4.

Radiation doses:

From all the study types done during the study period, there were only 7 study types with
enough cases in different age groups to allow data distribution calculation. These included CT
brain, -temporal bones, -neck, -cervical spine, -trunk, -chest and -abdomen (Total n for analysis
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=905). The 75th percentile of both the CTDIvo1 and DLP of each of these examination types in
the various age groups are demonstrated in Table 2, with a 95% Confidence Interval.

The CT brain data sets were used to compare the two different hospitals, as well as to evaluate
for potential variation in different time categories. At CMJAH, there was an increase in the
75th percentile of the data distribution in the weekend and after-hours group compared to
regular weekdays. The most significant increase in dose was in the 0-1-year after-hours group
with a 150.56% (691.3mGy*cm vs 275.9mGy*cm) increase in DLP compared to the 0-1-year
group during routine weekdays®. The second most significant increase in dosage was in the 5-
10-year weekend group. Here there was a 78.07% (760.7mGy*cm vs 427.2mGy*cm) increase
in DLP, compared to 5-10y routine weekday group®. Refer to Table 3 and Table 4.

Similarly, the data from RMMCH demonstrated an increase in CTDIvol and DRL for after-hours
and weekends compared to regular weekdays, although the increase was not as marked as at
CMIJAH. The most pronounced increase in dose was in the 1-5-year after-hours group, with an
increase in DLP of 40.46% (570.7mGy*cm vs 406.3mGy*cm)®. The second-highest increase
in dose compared to routine weekdays was in the 0-1-year after-hours category with an increase
0f'25.92 % (418.3mGy*cm vs 332.2mGy*cm) in DLP?. Refer to Table 5 and 6.

The comparison of the dosages during CT brain investigation between the two hospitals
revealed a general lower DLP at CMJAH for the 0-1y®, 1-5y® and 5-10% year groups, compared
to RMMCH. The 10-15-year stratified groups demonstrate lower DLP values at RMMCH
compared to CMJAH. Refer to Figure 5.

2 Not statistically significant, as 0 is included in the 95% ClI.
b Statistically significant, as 0 is not included in th 95% CI.
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DISCUSSION:

Distribution and frequency of CT Examinations:

The higher number of investigations at the CMJAH compared to RMMCH was expected, as it
is considered a central hospital in South Africa, a level one trauma centre and major referral
centre for the province. [19]. The CT brain percentage of total investigations was marginally
higher in comparison to international studies in the first world, whereas the CT Abdomen
percentage compared to the CT utilisation trends in other countries is similar. [5, 6, 20]. The
reason for the higher percentage of CT Brains done at the studied facilities is likely because the
initial neuroimaging investigation in the public health sector of South Africa for a child
presenting with the first episode of convulsion is a CT Brain instead of an MRI Brain, as
recommended by the American Academy of Neurology. [21]. CT for neurological disease in
South Africa is a reasonable initial investigation as the incidence of neurological infections is
higher than that of first world countries. [22]. MRI availability and anaesthetic support are
limited in the South African public health sector. Furthermore, CMJAH is a level 1 trauma
centre and will have an increased percentage of CT Brains for trauma indication.

The increase in CT of the cervical spine after the age of 1 is expected in a level 1 trauma centre.
The number of temporal bone CT investigations in the 5-10- and 10-15-year age groups, is
consistent with previous studies demonstrating the majority of patients with temporal bone
pathology, being between 11 and 20 years of age[23].

Single- vs Multi-phase examinations:

According to the general paediatric CT guidelines and protocol by the South African Society
of Paediatric Imaging published in 2013, no multiphase studies should be done on paediatric
patients. [24]. Thus, the percentage of multiphase studies for CT brain, chest and abdomen is
unfavourable, as these investigations are considered high dose investigations and the scan field
includes high-risk radiation target organs. Possible reasons for this finding could be an
unfamiliarity to the South African guidelines by both the radiologists and radiographers. These
centres are both training facilities, and there is the possibility that occasionally scans were
incorrectly planned by junior/training radiologists or incorrectly acquired by junior/training
radiographers.

Radiation doses:

Both hospitals demonstrated an increase in the DLP values of CT Brain during after-hours and
some of the weekend categories. During after-hours, there is less staff present on the floor and
often fewer senior staff to guide procedures, which could lead to an incorrect choice of
parameters or selection of scan area, with a resultant increase in radiation dose to the patient.
The increase in values is more marked in CMJAH than in RMMCH. RMMCH radiology
department is almost an exclusive paediatric radiology department, with staff trained for
paediatric radiology. CMJAH’s radiology department, however, is a large combined adult and
paediatric academic radiology department. At CMJAH, there are dedicated time slots for
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paediatric CT examinations during the week, but after-hours urgent paediatric CTs are done in
between adult patient CTs, which could lead to an incorrect parameter and CT protocol
selection when examining children. Previous research has shown that the potential exists for a
significant DLP variation between radiographers, even in the setting of a dedicated paediatric
hospital. [25].

Although the finding of increased DLP values in the 0-1-year age group were found not to be
statistically significant, follow up investigation in this age group is suggested, as the findings
might suggest clinical significance.

The increased CTDIvol and DLP values for RMMCH compared to CMJAH could be ascribed
to hardware and software variables between the two departments. CMJAH Philips machines

have more detector rows (64 and 128) as well as utilisation of the i-Dose software by Philips.
[26,27].

Comparison to other studies and DRLs:

The combined DLP and CTDlIvo 75th percentile values were compared to DRLs from the
European guidelines, UK, Germany, Japan, Kenya and Brazil. [10,14,15,16,17,18]. Refer to
Table 7 and 8.

The CTDIvol and DLP values for CT brain were found to be less than the comparative DRL
values in most cases, except for the European DRL in the age category for 10-15 years. The
CTDlvor and DLP values for CT Chest were significantly higher than the European DRLs, but
better than those from Japan, Kenya and Brazil. The exception was the increased value
compared to Brazil in the 0-1-year age category. Overall, the 75th percentile CTDIvol and DLP
values for CT Brain compared very favourably to published data.

The CTDlIvol values for CT Abdomen were lower than the international DRLs, except for the 0-
1-year category, which was higher than the EDRL and Brazilian values. The 0-1-year category
for CT Abdomen DLP values was also higher than those from Brazil. Although only the 10-15-
year category DLP values were within the EDRL range, the rest of the values were lower than
the other international DRLs. Upon further review, it was found that most of the higher CTDlIvol
and DLP values in this age group, was associated with higher kV settings. The South African
Society of Paediatric Imaging suggests reducing kV settings in paediatric examinations. [ 24].
The CT abdomen studies with CTDIvo1 and DLP values comparable to international DRL ranges
were done with a reduction of kV from 120 to 100. It is suggested that the CT Abdomen
protocol for both RMMCH and CMAH be reviewed, adjusted and applied to all cases.

The CTDlIvol and DLP values of CT Chest examinations are higher than the European DRLs.
Although the values compare well against the other international DRLs, it is also suggested that
the protocols for CT Chest be reviewed and adjusted.

Furthermore, when there is a discrepancy in the comparison of CTDIvo1 and DLP values for a
specific examination in a specific age category, it can be assumed that during the planning of
the scan, the pre-selected scan area is extended beyond routine anatomical landmarks for the
study. [25,26].
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Outcome:

From the data analysis, diagnostic reference levels are proposed for the most frequent
examinations. Local DRLs are not suggested for 0-1-year, except for CT brain, as the 75"
percentile values are higher than the older age groups and compare unfavourably to
international DRLs. Table 9.

In recent similar international studies and according to the guidelines from the European
guidelines, it is proposed that DRLs could be presented in a graph format, instead of table form.
See the DRL graph and curve for CT Abdomen in figure 6 and for CT Brain in figure 7. This
type of graph is created by plotting all the different values for each age on an x: y scatter plot,
establishing the 75" percentile for each age and creating a polynomial, exponential graph. [28].

Presentation of a DRL in a graph format can aid in the comparison of results as well as be an
easy visual reference in the department.

Limitations:

One of the limitations of the study is that the European guidelines suggest that body CTs should
be categorised according to weight, but the weights were not documented on PACS for
RMMCH and CMJAH, during the study period.

Further limitations included the significant percentage of multi-phasic CT scans, specifically in
the 0-1-year age group, which limited the statistical significance of the findings.

Although the data collection would have initially included data from the Chris Hani
Baragwanath Academic Hospital, it was, unfortunately, not available to the researchers for
the particular study period.
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CONCLUSION

Overall, the CTDIvo and DLP values for the studies are comparable with most of the
international DRLs. CT Chest and Abdomen protocols should be revised, and staff should be
trained specifically for dose reduction in paediatric patients at the two hospitals.

The DRL values in Table 9 is suggested as local DRL for the University of Witwatersrand
academically affiliated hospitals as well as their referral hospitals.

The results of this study will be presented to the South African Society of Paediatric Imaging
to aid in the establishment of national diagnostic reference levels for paediatric CT
examinations.
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Figure 2.1: Chart of the Computed Tomography (CT) examination types as a fraction of the total number of CT
studies. (n=1031).
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Figure 2.2: Proportional comparison of different study types per age category. (n=1031)
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Figure 2.3 Comparison of single vs multi-phase studies in each age category presented as a percentage. (n=822)
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Figure 2.4. Comparison of multi vs single phase CT Brain studies as a function of time category at each of
Charlotte Maxeke Johannesburg Academic- and Rahima Moosa Mother and Child Hospitals. (n=755).
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Figure 2.5. Comparative 75" percentile values for Dose Length Product (DLP) in mGy*cm for each time category for CT Brain at Charlotte Maxeke Johannesburg Academic
(CMJAH)- and Rahima Moosa Mother and Child Hospitals (RMMCH). (n=687)
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Figure 2.6. Polynomial exponential curve for the purpose of presenting Diagnostic Reference Levels (DRLs) for
CT Abdomen for specific ages. The dataset used in this graph was the Dose Length Product (DLP) for CT
abdomen examinations, corrected for each year in age. (n=82).
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Figure 2.7. Polynomial exponential curve for the purpose of presenting Diagnostic Reference Levels (DRLs) for
CT Brain for specific ages. The dataset used in this graph was the Dose Length Product (DLP) for CT Brain
examinations, corrected for each year in age. (n=687).
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Table 2.1. Total number of scans included in study per Computed Tomography examination type for each age
category. (n=1031).

Examination type 0-1y 1-5y 5-10y 10-15y Total

CT Temporal Bones 16(1.55%

CT Orbits 0 0 4 0 4(0.39%

CT Cervical Spine 3 17 13 9 43(4.17%

CT Abdomen 8 24 17 33 82(7.95%

angiograph 3 2 5(0.48%
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total number of contributing studies per category. (n=905).
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Table 2.2 75th percentile of Computed Tomography Dose Index.o (CTDIyo) and Dose Length Product (DLP) for each Computed Tomography examination type, in each age group, as well as

CT Brain 0-ly 20.3 (19.68 — 20.91) 311.30 (291.94 — 330.66) 169
1-5y 20.3 (19.72 — 20.89) 362.40 (342.38 — 382.42) 238
5-10y 22.33 (18.18 — 25.14) 457.20 (395.78 — 518.62) 156
10-15y 32.14 (32.10 - 32.18) 746.10 (719.41 — 772.80) 124
CT Temporal Bone 5-10y 41.78 (11.31 - 64.02) 305.80 (135.73 -475.87) 4
10-15y 57.37 (38.19 — 76.55) 547.20 (445.24 — 649.16) 10
CT Cervical Spine 0-ly 13.16 (0.92 — 25.40) 303.90 (-4.64 — 612.44) 3
1-5y 6.4 (-4.12— 17.00) 186.00 (-67.56 — 439.56) 17
5-10y 7.07 (5.53 - 8.61) 186.7 (129.87 — 243.53) 13
10-15y 8.5 (7.42— 9.58) 227.9 (137.53 — 318.27) 9
CT Neck 0-ly 7.85 (7.62 - 8.08) 195.40 (59.33 — 331.47)
1-5y 6.93 (-5.43 - 19.29) 215.20 (69.09 — 361.30) 10
5-10y 7.85 (-1.12 - 16.82) 142.30 (60.20 — 224.40) 7
10-15y 15.99 (-1.70 — 33.68) 269.70 (166.02 — 373.38) 6
CT Trunk 0-ly 19.29 (13.78 — 24.8) 1362.30 (194.15 — 2530.45) 5
1-5y 473 (4.73 - 4.74) 212.7 (193.99 — 231.41) 12
5-10y 6.51 (2.68 — 10.34) 238.80 (-58.11 — 535.71) 11
10-15y 4.73 (1.57 - 7.89) 290.20 (178.94 — 401.46) 8
CT Chest 0-ly 5.66 (1.89 — 9.43) 153.50 (20.16 — 286.84) 12
1-5y 3.27 (2.39-4.15) 105.10 (56.56 — 153.64)
5-10y 473 (-3.49-12.95) 136.40 (85.90 — 186.90)
10-15y 6.97 (3.69 — 10.25) 325.10 (205.96 — 444.24)
CT Abdomen 0-ly 6.17 (3.52 - 8.82) 191.50 (67.36 — 315.64)
1-5y 4.73 (3.52— 5.94) 187.80 (144.28 — 231.32) 18
5-10y 473 (3.21 - 6.25) 203.30 (145.18 — 261.42) 14
10-15y 8.40 (2.64 — 14.16) 371.10 (195.10 — 547.10) 26

1. CTDI,q values presented in mGy. 2. DLP values presented in mGy*cm.
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Table 2.3. 75th percentile Computed Tomography Dose Index,o (mGy) of data distribution, categorised for time
and age for CT Brain examinations at Charlotte Maxeke Johannesburg Academic Hospital. (n=515).

Weekdays
Regular hours After-hours Weekends Combined

1-5 11.82 12.91 14.33 12.91

10-15y 32.14 32.14 32.14 32.14
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Table 2.4. 75th percentile of Dose Length Product (mGy*cm) data distribution, categorised for time and age for
CT Brain examinations at Charlotte Maxeke Johannesburg Academic Hospital. (n=515).

Weekdays
Age Regular hours After-hours Weekends Combined

289.40 329.50 339.35 301.80

10-15y 746.10 834.90 778.60 759.05
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Table 2.5. 75th percentile Computed Tomography Dose Index,o (mGy) of data distribution, categorised for time
and age for CT Brain examinations at Rahima Moosa Mother and Child Hospital. (n=172).

Weekdays
Regular hours After-hours Weekends Combined

21.65 23.00 21.66 21.65

10-15y 35.18 23.00 35.18 35.18
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Table 2.6. 75th percentile of Dose Length Product (mGy*cm) data distribution, categorised for time and age for

CT Brain examinations at Rahima Moosa Mother and Child Hospital. (n=172).

Weekdays
Regular hours After-hours Weekends Combined

406.30 570.70 380.25 410.60

10-15y 647.45 450.90 683.00 647.45
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Table 2.7. Computed Tomography Dose IndeXyoume 75th percentiles (mGy) of Johannesburg hospitals compared to international Diagnostic Reference Levels.

CT Brain
0-ly 20.30 (19.69 — 20.91) 24 25 30 38 38 18
1-5y 20.3 (19.72 - 20.88) 28 40 35 47 50 30
5-10y 21.66 (18.18—25.14) 40 60 50 60 55 35
10-15y 32.14 (32.10 - 32.18) 50 55 44
CT Chest
0-ly 5.66 (1.90—-9.42) 1.4-1.8 1.7 11
1-5y 3.27 (2.39-4.15) 1.8-2.7 2.6 14 11
5-10y 4.73 (-3.49—-12.95) 2.7-3.7 4 15
10-15y 6.97 (3.52-8.82) 3.7-54 6.5 11
CT Abdomen
0-ly 6.17 (3.51-8.82) 3.5 11
1-5y 4.73 (3.52 - 5.94) 3.5-5.4 16 11
5-10y 4.73 (3.21-6.25) 5.4-7.3 5 17
10-15y 8.47 (2.63 — 14.16) 7.3-13 7
Blocks in orange indicate higher international values and blocks in blue indicate lower international values, when compared to the values of this study.

3 Buropean Commision (2018) Radiation Protection No 185. [10].

4 Doses from Computed Tomography (CT) Examinations in the UK -2011. [14].

5> Bundesamt fur Strahlenschutz (2016). [15]

6 Japan Network for research and Information on Medical exposures (2015). [16].

7 National Diagnostic Reference Level Initiative for Computed Tomography examinations in Kenya (2016). [17].

8 A Contribution to the Establishment of Diagnostic Reference Levels in Computed Tomography in Brazil (2015). [18].
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Table 2.8. Dose Length Product 75th percentile (mGy*cm) of Johannesburg hospitals compared to international Diagnostic Reference Levels.

Brain
0-ly 311.30 (291.94 — 330.65) 300 350 300 50 1005 290
1-5y 362.40 (342.38 — 382.42) 385 650 450 660 1395 550
5-10y 457.20 (395.77 - 518.62) 505 620 650 850 1608 670
10-15y 746.10 (719.41 — 772.79) 650 800 880
Chest
0-ly 153.50 (20.16 — 286.84) 35-50 25 210 64
1-5y 105.10 (56.56 — 153.64) 50-70 55 300 215 130
5-10y 136.40 (85.90 — 186.90) 70-115 110 410
10-15y 325.10 (205.96 — 444.24) 115-200 200 453
Abdomen
0-ly 191.50 (67.36 —315.64) 45-120 220 110
1-5y 187.80 (144.28 —231.32) 120-150 400 764 170
5-10y 203.30 (145.18 —261.41) 150-210 185 530 220
10-15y 371.10 (195.10 — 547.10) 210-480 310
Blocks in orange indicate higher international values and blocks in blue indicate lower international values, when compared to the values of this study.

! European Commision (2018) Radiation Protection No 185. [10].

2 Doses from Computed Tomography (CT) Examinations in the UK -2011. [14].

3 Bundesamt fur Strahlenschutz (2016). [15]

4 Japan Network for research and Information on Medical exposures (2015). [16].

® National Diagnostic Reference Level Initiative for Computed Tomography examinations in Kenya (2016). [17].

® A Contribution to the Establishment of Diagnostic Reference Levels in Computed Tomography in Brazil (2015). [18].
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Table 2.9. Proposed local diagnostic reference levels for Computed Tomography Dose Indexyoume and Dose Length Product for
Paediatric Computed Tomography examinations.

CT Brain 0-1y 21 315
1-5y 21 365

5-10y 23 460

10-15y 33 750

CT Temporal bones 5-10y 40 315
10-15y 56 515

CT Cervical Spine 1-5y 7 190
5-10y 8 190

10-15y 9 230

CT Neck 1-5y 7 200
5-10y 7 145

10-15y 15 260

CT Trunk 1-5y 5 215
5-10y 6 235

10-15y 6 285

CT Chest 1-5y 4 110
5-10y 7 145

10-15y 7 290

CT Abdomen 1-5y 5 185
5-10y 5 230

10-15y 9 460
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Background: Diagnostic reference levels (DRLs) are a crucial element of auditing radiation
doses in paediatric computed tomography (CT). Currently, there are no national paediatric CT
DRLs in South Africa.

Objectives: The aim of this article was to establish local paediatric DRLs for CT examinations
at two academic hospitals and to compare paediatric CT radiation output levels with
established DRLs in the developed and developing world.

Method: Computed Tomography Dose Index ; (CTDI ) and dose length product (DLP)
values were collected from CT examinations performed at two university hospitals for patients
aged 0-15 years, during 01 November 2016-30 April 2017. The 75th percentile of the data
distribution was calculated for each CT examination type and age group, further categorised
into routine working hours and after-hours for both hospitals and statistically compared.

Results: Of the 1031 CT examinations performed, CT brain examination was the most common
(755/1031; 72.23%). DLP values were increased in the after-hours categories compared to
regular working hours at both hospitals. The largest increase was in the 0-1 year age group
(150.56%). With the exception of CT Chest and CT abdomen in the 0-1 year age group, the
CTDI_, and DLP values compared favourably to international standards.

Conclusion: Most of the calculated DRLs are acceptable and internationally comparable. This
likely indicates effective reduction techniques and protocols. Computed tomography body
examination protocols for 0-1 year patients should be reviewed. Strategies should be
implemented to limit higher doses in after-hours examinations.

Keywords: Radiation dose; Computed tomography (CT); Paediatric patients; Diagnostic
Reference Level (DRL); Computed Tomography Dose Index (CTDI

volume Volume) :

Introduction

Since its advent in 1971, computed tomography (CT) has added tremendous value for diagnosis
and establishing treatment plans for patients. Since then, there has been an exponential increase in
the usage of CT.! This increase is because of several factors, including, but not limited to, rapid
evolvement of technology and advancements in hardware and software, which led to improved
image quality and reduced duration for CT examinations.?* In addition, the geopolitical and socio-
economic trends since the late 1990s also contributed to greater access to medical resources and
equipment, specifically in the industrialised world.* The number of CT scanners per million people
in Japan increased from 14.36 in 1980 to 107.14 in 2017. This increase has been the most significant
in the developed world; however, an increase in the amount of CT scanners was also observable in
the developing world, for example, in Turkey, where the number of CT scanners increased from
4.89 per million people in 2002 to 14.53 per million people in 2016.* The advances in availability and
increase in applications also made CT investigations popular in the paediatric patient population.
In the Netherlands, the total number of paediatric CT scan examinations increased from 7731 in
1990 to 26 023 in 2012.° Similar trends were established in the rest of the developed world.®

Even though there was suspicion about harmful effects of ionising radiation on the human body
shortly after Roentgen took his first radiograph in 1895, the first International Radiation Congress
only discussed possible radiation protection standards in 1925. In the aftermath of the Second
World War, the International Commission on Radiation Protection (ICRP) and the United Nations
Scientific Committee on the Effects of Atomic Radiation were formed and have since then played

Note: Special Collection: Paediatric Radiology.
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amajor role in radiation research and protection.” The concept
of keeping radiation dose ‘as low as reasonably achievable’
(ALARA) has been around since 1915 and is compatible with
the medical ethical mantra of “first do no harm’.® Furthermore,
evidence from the Second World War and radiation incidents
has proved that the younger the patient is, the higher is the
risk for adverse radiation effects. The increased risk is because
of the presence of more undifferentiated cells, and the cells
have a higher mitotic rate as well as a longer mitotic future.?

The ICRP has recommended diagnostic reference levels
(DRLs) for all diagnostic and interventional radiological
procedures since 1991 as a measure to ensure radiation
protection.® The Image Gently Alliance and campaign, which
started in 2007, promoted the ALARA principle and since
then has become one of the primary considerations in
paediatric imaging.® Since 2007, there has been a reduction in
the annual increase of paediatric CT examinations in the
developed world.” This reduction is likely because of the
successes of radiation awareness programmes.

Following recommendations by the ICRP to establish DRLs,
there have been a significant number of audits and DRL
proposals in the developed world.” As of 2013, the European
Diagnostic Reference Levels for Paediatric Imaging (PiDRL)
workshop has driven a campaign to establish European DRLs."

There have been very few studies or audits on paediatric CT
doses to establish CT-specific DRLs in the developing world.
There is only one study from South Africa auditing CT doses in
a tertiary hospital on non-contrasted paediatric brain CT scans.™

South Africa is considered the most industrialised country and
the second largest economy in Africa but has one of the highest
levels of inequality. Most of the population is medically
underserviced because of resource constraints in the public
health sector.'> Apart from a heavy workload required from the
radiological equipment, there are also restraints on human
resources and quality control. In addition, the absence of
established DRLs limits the ability to do routine audits to ensure
optimal radiation protection. Itis therefore of utmost importance
to audit paediatric CT doses in South Africa to establish DRLs.

The aim of this study was to establish local paediatric DRLs
for CT examinations in two major academic hospitals
affiliated to the University of the Witwatersrand, Johannesburg,
South Africa.

Other objectives were to audit radiation doses and compare
paediatric CT investigations” radiation output levels to
established DRLs in the developed and developing world.
An additional objective was to evaluate whether there was
any difference between the hospitals, as well as between
regular work hours and after-hours.

Materials and methods
Design

The study was designed as a retrospective, descriptive study.
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Dosimetry

European guidelines suggest the usage of the Computed
Tomography Dose Index , —(CTDI ) and dose length
product (DLP) as CT dose descriptors.'” CTDI, is a linear
measure of the dose distribution in a 10 cm ionization
chamber inserted into a 16 cm phantom for paediatric CT.
The weighted CTDI (CTDI, ) is calculated by establishing the
CTDI,, for the centre and the periphery of a cylinder and
combining these. In helical CT scanning, the dose is inversely
related to the pitch (number of rotations of the gantry per
distance moved by the examination bed). Computed
Tomography Dose Index, divided by the pitch equals
CTDI_,, which is expressed in the international system of
units (SI units) as milligray (mGy). Dose length product is the
product of the length of the scanned area with the CTDI "
and is expressed in milligray-centimetre (mGy*cm).

Study population

The data collected were the CTDI  and DLP values for each
CT examination in paediatric patients (age less than 15 years)
during the 6-month period from 01 November 2016 to 30
April 2017 at the following hospitals: Charlotte Maxeke
Johannesburg Academic Hospital (CMJAH) and Rahima
Moosa Mother and Child Hospital (RMMCH). These
hospitals are situated within the City of Johannesburg
Municipality in Gauteng province, South Africa.

Data collection

Data were retrieved from the Picture Archiving and
Communication System (PACS) from CMJAH and the local
area network at RMMCH. Data were categorised and
tabled for each CT scanner and further categorised
according to the type of study and the age group. The CT
brain data were also categorised into three different time
categories as follows: weekdays (Monday to Friday from
08:00 to 16:00), after-hours (00:00-08:00 and 16:00-24:00
from Monday to Friday) and weekends and public holidays
(00:00-24:00 on Saturday and Sunday, as well as on public
holidays).

The categories were chosen as per recommendations made
by the European Diagnostic Reference Levels for Paediatric
Imaging Workshop in 2013.° All CT investigations were
included and categorised according to the anatomical region
of interest. The data could not be categorised according
to indication, as the indication was not available on the
database. The age groups were divided into 0 to < 1 year;
1 year to < 5 years, 5 years to < 10 years and 10 years to
< 15 years. The European Commission suggests categorising
the CT body examinations according to weight, but patients’
weight was not available from the database. The time of day
and day of the week was recorded for each study.

Data analysis

The distribution of the CT examinations in this study sample
was calculated using frequencies.
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For statistical analysis of the CTDI ; and DLP values, only
the single-phase CT examinations were included in the study
sample. Radiation output data for CT orbits, CT paranasal
sinuses, CT musculoskeletal, CT whole spine and CT
peripheral angiography were excluded from further analysis
as the sample sizes were too small for statistical significance.

Data sets were categorised for CT brain, CT temporal bones, CT
neck, CT cervical spine, CT chest, CT trunk and CT abdomen.
The dose distribution for CT brain in each age category was
determined for each hospital. Data for each of the other CT
examination types were combined for the two hospitals.

The mean, average, median and 75th percentile of the data
distribution, with confidence intervals (Cls), were then
calculated for each category for each examination type. Local
DRLs are defined as the 75th percentile of the data
distribution.” The local DRLs in this study were the 75th
percentile value for each category, rounded up to the nearest
single digit for CTDI and the nearest 5 for DLP.

The data were then compared to similar studies with local
and national DRLs.

In addition, the CT brain results were compared between the
two hospitals according to the difference in CTDI _ and DLP
75th percentile values between the two hospitals for each age
group and time category, using the Fisher’s exact test.
Furthermore, the quantile regression method was used to
compare the 75th percentiles in different groups by calculating
the 95% CI for the difference between percentiles. If the 95%
CI for the difference did not contain 0, the percentiles were
significantly different.

Ethical considerations

Ethical approval to conduct the study was obtained from
the Human Research Ethics Committee (Medical) of the
University of the Witswatersrand (approval number:
M170634).

Results

Distribution and frequency of computed
tomography examinations

The audit period for the 6 months from 01 November 2016 to
30 April 2017 included 1031 paediatric CT examinations from
RMMCH and CMJAH.

Computed tomography brain examinations (755/1031;
73.23%) were the most common CT examination, followed
by CT of the abdomen, which amounted to 82/1031 (7.95%)
(see Table 1).

Radiation doses

From all the study types conducted during the study
period, there were only seven study types with enough
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TABLE 1: Total number of scans included in the study per computed tomography
examination type for each age category (n = 1031).

Examination type 0-1years 1-5years 5-10years 10-15 years Total

CT Brain 195 263 159 138 755(73.23%)
CT Temporal Bones 1 1 4 10 16(1.55%)
CT Paranasal Sinuses 1 1 2 2 6(0.58%)
CT Orbits 0 0 4 0 4(0.39%)
CT Neck 3 10 8 6 27(2.62%)
CT Cervical Spine 3 17 13 9 43(4.17%)
CT Whole spine 1 2 1 0 4(0.39%)
CT Trunk 5 12 11 8 36(3.49%)
CT Chest 18 10 9 8 45(4.36%)
CT Abdomen 8 24 17 33 82(7.95%)
CT Limbs 0 1 3 5 9(0.87%)
Peripheral CT 3 0 0 2 5(0.48%)
angiography

Total 238 341 231 221 1031

(23.08%) (33.07%) (22.41%) (21.44%) (100%)

CT, computed tomography.

cases in different age groups to allow data distribution
calculation. These included CT brain, CT temporal bones,
CT neck, CT cervical spine, CT trunk, CT chest and CT
abdomen (total number for analysis = 905). The 75th
percentile of both the CTDI ; and DLP of each of these
examination types in the various
demonstrated in Table 2, with a 95% CI.

age groups is

The CT brain data sets were used to compare the two different
hospitals, as well as to evaluate for potential variation in
different time categories. At CMJAH, there was an increase in
the 75th percentile of the data distribution in the weekend and
after-hours group compared to regular weekdays. The greatest
increase in dose was in the 0-1-year after-hours group with a
150.56% (691.3 mGy*cm vs. 275.9 mGy*cm) increase in DLP
compared to the 0-1-year group during routine weekdays.
The second most significant increase in dosage was in the
5-10-year weekend group. Here, there was a 78.07% (760.7
mGy*cm vs. 427.2 mGy*cm) increase in DLP compared to
5-10 years routine weekday group (see Tables 3 and 4).

Similarly, the data from RMMCH demonstrated an increase
in CTDI_
compared to regular weekdays, although the increase was

and DRL for after-hours and weekends

notas significant as it was at CMJAH. The most pronounced
increase in dose was in the 1-5-year after-hours group,
with an increase in DLP of 40.46% (570.7 mGy*cm vs.
406.3 mGy*cm). The second highest increase in dose
compared to routine weekdays was in the 0-1-year after-
hours category, with an increase of 25.92% (418.3 mGy*cm
vs. 332.2 mGy*cm) in DLP (see Tables 5 and 6).

The comparison of the dosages during CT brain investigation
between the two hospitals revealed in general a lower DLP at
alower DLP at CMJAH for the 0-1y, 1-5y and 5-10y groups,
compared to RMMH (statistically significant in the 0-1y and
5-10y groups only, as 0 is not included in the 95% CI). The
10-15-year stratified groups demonstrated lower DLP
values at RMMCH compared to CMJAH (see Figure 1).
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TABLE 2: 75th percentile of Computed Tomography Dose Index  and Dose Length Product for each computed tomography examination type, in each age group, as well

as total number of contributing studies per category (n = 905).

Study Age CTDI_: 75th percentilet DLP: 75th percentile} Nunber of studies
95% Cl 95% cl
CT Brain 0-1 years 20.3 19.68-20.91 311.30 291.94-330.66 169
1-5 years 20.3 19.72-20.89 362.40 342.38-382.42 238
5-10 years 22.33 18.18-25.14 457.20 395.78-518.62 156
10-15 years 32.14 32.10-32.18 746.10 719.41-772.80 124
CT Temporal Bone 5-10 years 41.78 11.31-64.02 305.80 135.73-475.87 4
10-15 years 57.37 38.19-76.55 547.20 445.24-649.16 10
CT Cervical Spine 0-1 years 13.16 0.92-25.40 303.90 -4.64-612.44 3
1-5 years 6.44 -4.12-17.00 186.00 -67.56-439.56 17
5-10 years 7.07 5.53-8.61 186.7 129.87-243.53 13
10-15 years 8.5 7.42-9.58 227.9 137.53-318.27 9
CT Neck 0-1 years 7.85 7.62-8.08 195.40 59.33-331.47 3
1-5 years 6.93 -5.43-19.29 215.20 69.09-361.30 10
5-10 years 7.85 -1.12-16.82 142.30 60.20-224.40 7
10-15 years 15.99 -1.70-33.68 269.70 166.02-373.38 6
CT Trunk 0-1 years 19.29 13.78-24.8 1362.30 194.15-2530.45 5
1-5 years 4.73 4.73-4.74 212.7 193.99-231.41 12
5-10 years 6.51 2.68-10.34 238.80 -58.11-535.71 11
10-15 years 4.73 1.57-7.89 290.20 178.94-401.46 8
CT Chest 0-1 years 5.66 1.89-9.43 153.50 20.16-286.84 12
1-5 years 3.27 2.39-4.15 105.10 56.56-153.64 9
5-10 years 4.73 -3.49-12.95 136.40 85.90-186.90 8
10-15 years 6.97 3.69-10.25 325.10 205.96-444.24 7
CT Abdomen 0-1 years 6.17 3.52-8.82 191.50 67.36-315.64 4
1-5 years 4.73 3.52-5.94 187.80 144.28-231.32 18
5-10 years 4.73 3.21-6.25 203.30 145.18-261.42 14
10-15 years 8.40 2.64-14.16 371.10 195.10-547.10 26
CTDI ,, Computed Tomography Dose Index  ; CT, computed tomography; DLP, Dose Length Product.

1, CTDI,, values presented in mGy; {, DLP values presented in mGy*cm.

TABLE 3: 75th percentile Computed Tomography Dose Index
data distribution, categorised for time and age for computed tomography
brain examinations at Charlotte Maxeke Johannesburg Academic Hospital

(mGy) of

TABLE 5: 75th percentile Computed Tomography Dose Index
categorised for time and age for
tomography brain examinations at Rahima Moosa Mother and Child Hospital

of data distribution,

(mGy)
computed

(n =515). (n=172).

Age Weekdays Regular hours  After-hours  Weekends  Combined Age Weekdays Regular hours  After-hours  Weekends Combined
0-1 years 12.91 32.14 12.91 12.91 0-1 years 20.30 23.00 20.30 20.03
1-5 years 11.82 12.91 14.33 12.91 1-5 years 21.65 23.00 21.66 21.65
5-10 years 19.37 19.37 32.14 19.37 5-10 years 23.00 23.00 23.00 23.00
10-15 years 32.14 32.14 32.14 32.14 10-15 years 35.18 23.00 35.18 35.18

TABLE 4: 75th percentile of Dose Length Product (mGy*cm) data distribution,
categorised for time and age for computed tomography brain examinations at

Charlotte Maxeke Johannesburg Academic Hospital (n = 515).

TABLE 6: 75th percentile of Dose Length Product (mGy*cm) data distribution,
categorised for time and age for computed tomography brain examinations at

Rahima Moosa Mother and Child Hospital (n = 172).

Age Weekdays Regular hours  After-hours  Weekends Combined Age Weekdays Regular hours After-hours Weekends Combined
0-1 years 275.90 691.30* 304.90 284.10 0-1 years 332.20 418.30* 359.70 345.00
1-5 years 289.40 329.50 339.35 301.80 1-5 years 406.30 570.70%* 380.25 410.60
5-10 years 427.20 457.20 760.70%** 457.20 5-10 years 437.70 569.70 497.90 497.90
10-15 years 746.10 834.90 778.60 759.05 10-15 years 647.45 450.90 683.00 647.45

*Not statistically significant, as 0 is included in the 95% ClI.
**Statistically significant, as 0 is not included in the 95% Cl.

Comparison to other studies and diagnostic
reference levels

The combined DLP and CTDI_, 75th percentile values were
compared to DRLs from the European guidelines, UK, Germany,
Japan, Kenya and Brazil'*#15161718 (see Tables 7 and 8).

The CTDI , and DLP values for CT brain were found to be
less than the comparative DRL values in most cases, except
for the DLP values compared to the European DRL in the age
category for 10-15 years.

http://www.sajr.org.za . Open Access

*Not statistically significant, as 0 is included in the 95% CI.
**Statistically significant, as 0 is not included in the 95% Cl.

The CTDI ; and DLP values for CT chest were higher than
the European DRLs, but better than those from Japan, Kenya
and Brazil. The exception was the increased value compared
to Brazil in the 0-1-year age category.

The CTDI , values for CT abdomen were lower than the
international DRLs, except for the 0-1-year category, which
was higher than the European Diagnostic Reference Levels
(EDRL) and Brazilian values. The 0-1-year category for CT
abdomen DLP values was also higher than those from
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DLP, dose length product; CMJAH, Charlotte Maxeke Johannesburg Academic Hospital; RMMCH, Rahima Moosa Mother and Child Hospital.

FIGURE 1: Comparative 75th percentile for dose length product in mGy*cm for each time category for computed tomography brain at Charlotte Maxeke Johannesburg
Academic Hospital and Rahima Moosa Mother and Child Hospital (n = 687).

TABLE 7: Computed Tomography Dose Index 75th percentiles (mGy) of Johannesburg hospitals compared to international diagnostic reference levels.

volume

Examination Johannesburg EDRL} UKZ Germany§ Japanq Kenyatt Brazilii
95% (¢]

CT Brain

0-1 years 20.30 19.69-20.91 24 25 30 38 38 18

1-5 years 20.3 19.72-20.88 28 40 35 47 50 30

5-10 years 21.66 18.18-25.14 40 60 50 60 55 35

10-15 years 32.14 32.10-32.18 50 - 55 - - 44

CT Chest

0-1 years 5.66 1.90-9.42 1.4-1.8 - 1.7 11 - 5

1-5 years 3.27 2.39-4.15 1.8-2.7 - 2.6 14 11 7

5-10 years 4.73 -3.49-12.95 2.7-3.7 - 4 15 - -

10-15 years 6.97 3.52-8.82 3.7-54 - 6.5 - 11 -

CT Abdomen

0-1 years 6.17 3.51-8.82 3.5 - - 11 - 4

1-5 years 4.73 3.52-5.94 3.5-5.4 - - 16 11 5

5-10years 4.73 3.21-6.25 5.4-7.3 - 5 17 - -

10-15 years 8.47 2.63-14.16 7.2=113) - 7 - - -

EDRL, Europe diagnostic reference levels; CT, computed tomography.

T, European Commision (2018) Radiation Protection No 185.%°

1, Doses from Computed Tomography (CT) Examinations in the UK-2011.*

§, Bundesamt fur Strahlenschutz (2016).*

9], Japan Network for research and Information on Medical exposures (2015).%¢

T, National Diagnostic Reference Level Initiative for Computed Tomography examinations in Kenya (2016)."”

11, A Contribution to the Establishment of Diagnostic Reference Levels in Computed Tomography in Brazil (2015).1®

http://www.sajr.org.za . Open Access
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TABLE 8: Dose Length Product 75th percentile (mGy*cm) of Johannesburg hospitals compared to international diagnostic reference levels.

Examination Johannesburg EDRLT UK Germany§ Japanq Kenya+t+t Brazilii
95% Cl

Brain

0-1 years 311.30 291.94-330.65 300 350 300 50 1005 290

1-5 years 362.40 342.38-382.42 385 650 450 660 1395 550

5-10 years 457.20 395.77-518.62 505 620 650 850 1608 670

10-15 years 746.10 719.41-772.79 650 800 ° = 880

Chest

0-1 years 153.50 20.16-286.84 35-50 25 210 - 64

1-5 years 105.10 56.56-153.64 50-70 55 300 215 130

5-10 years 136.40 85.90-186.90 70-115 110 410 - -

10-15 years 325.10 205.96-444.24 115-200 200 - 453 -

Abdomen

0-1 years 191.50 67.36-315.64 45-120 - 220 - 110

1-5 years 187.80 144.28-231.32 120-150 - 400 764 170

5-10 years 203.30 145.18-261.41 150-210 185 530 - 220

10-15 years 371.10 195.10-547.10 210-480 310 - - -

EDRL, Europe diagnostic reference levels.

F, European Commission (2018) Radiation Protection No 185.%°

1, Doses from Computed Tomography (CT) Examinations in the UK-2011.*

§, Bundesamt fur Strahlenschutz (2016).%

9], Japan Network for research and Information on Medical exposures (2015).%¢

11, National Diagnostic Reference Level Initiative for Computed Tomography examinations in Kenya (2016)."7
11, A Contribution to the Establishment of Diagnostic Reference Levels in Computed Tomography in Brazil (2015).*

Brazil. Although only the 10-15-year category DLP values
were within the EDRL range, the rest of the values were
lower than that of the other international DRLs.

Discussion

Distribution and frequency of computed
tomography examinations

The higher number of investigations at the CMJAH compared
to RMMCH was expected, as it is considered a central hospital
in South Africa, a level 1 trauma centre and major referral
centre in the country!® The CT brain percentage of total
investigations was marginally higher in comparison to
international studies in the developed world, whereas the CT
abdomen percentage compared to the CT utilisation trends in
other countries was similar>** The reason for the higher
percentage of CT brains performed at the studied facilities is
likely because the initial neuroimaging investigation in the
public health sector of South Africa for a child presenting with
the first episode of convulsion is a CT brain instead of a
magnetic resonance imaging (MRI) brain, as recommended by
the American Academy of Neurology.** Computed tomography
brain for neurological disease in South Africa is a reasonable
initial radiological investigation, as theincidence of neurological
infections is higher than that of developed countries.”> Magnetic
resonance imaging availability and anaesthetic support are
limited in the South African public health sector. Furthermore,
CMJAH is a level 1 trauma centre and will have an increased
percentage of CT brains for trauma indications.

The increase in CT of the cervical spine after the age of 1 year
is expected in alevel 1 trauma centre. The number of temporal
bone CT investigations in the 5-10- and 10-15-year age
groups is studies, which

consistent with previous

http://www.sajr.org.za . Open Access

demonstrated the majority of patients with temporal bone
pathology to be between the ages of 11 and 20 years.”

Radiation doses

Both hospitals demonstrated an increase in the DLP values
of CT brain during after-hours and some of the weekend
categories. During after-hours, there is less staff present on
the floor and often fewer senior staff to guide procedures,
which could lead to an incorrect choice of parameters
or selection of scan area, with a resultant increase in
radiation dose to the patient. The increase in values is
more significant in CMJAH than in RMMCH. The
Radiology Department at RMMCH is almost an exclusive
paediatric radiology department, with staff trained in
paediatric radiology. On the contrary, the Radiology
Department at CMJAH is a large combined adult and
paediatric academic radiology department. At CMJAH,
there are dedicated time slots for paediatric CT
examinations during the week, but after-hours urgent
paediatric CTs are performed in between adult patient
CTs, which could lead to an incorrect parameter and CT
protocol selection when examining children. Previous
research has shown that probability exists for a significant
DLP variation between radiographers even in the setting
of a dedicated paediatric hospital.*

Although the finding of increased DLP values in the 0-1-
year age group was considered not to be statistically
significant, follow-up investigation in this age group is
suggested, as the findings might suggest clinical
significance.

The increased CTDI ;, and DLP values for RMMCH
compared to CMJAH could be ascribed to hardware and
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software variables between the two departments. Charlotte
Maxeke Johannesburg Academic Hospital Philips
machines have more detector rows (64 and 128) as well as
utilisation of the i-Dose software by Philips.??

Comparison to other studies and diagnostic
reference levels

The CTDI  and DLP values for CT brain compare well against
previously established DRLs and suggest consistent application
of well-developed protocols at the different facilities.

Most of the higher CTDI_; and DLP values in the 0-1-year age
group for CT abdomen were associated with higher kV settings.
The South African Society of Paediatric Imaging suggests the
reduction of kV settings in paediatric examinations.” The CT
abdomen studies with CTDI ; and DLP values comparable to
international DRL ranges were performed with a reduction of
kV from 120 to 100. It is suggested that the CT abdomen protocol
for both RMMCH and CMJAH should be reviewed, adjusted
and applied to all cases.

Although the CTDI  and DLP values for CT chest compare
well against some of the international DRLs, it is also
suggested that the protocols for CT chest should be reviewed
and adjusted.

A discrepancy in the comparison of CTDI , and DLP values
for a specific examination in a specific age category is likely
because of a larger-than-expected pre-selected scan area for the
particular study.*** This and the fact that the CT brain values
compared better than the CT chest and abdomen values could
be a result of using age, rather than weight, as an input
parameter for CT chestand abdomen examination in children.”

Outcome

From the data analysis, DRLs are proposed for the most
frequent examinations. Local DRLs are not suggested for
0-1-year age group, except for CT brain, as the 75th
percentile values are higher than the older age groups and
compare unfavourably to international DRLs (Table 9).

In recent similar international studies and according to the
European guidelines, it is proposed that DRLs could be
presented in a graph format instead of tabular format. See the
DRL graph and curve for CT abdomen in Figure 2 and for CT
brain in Figure 3. This type of graph is created by plotting all
the different values for each age on an x:y scatter plot,
establishing the 75th percentile for each age and creating a
polynomial, exponential graph.?

Presentation of a DRL in a graph format can aid in the
comparison of results and also could be an easy visual
reference in the department.

Limitations
One of the limitations of this study is that the European

guidelines suggest that body CTs should be categorised
according to weight, but the weights were not documented on
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TABLE 9: Proposed local diagnostic reference levels for Computed Tomography Dose

Index , ~ and Dose Length Product for paediatric computed tomography
examinations.
Study Age CTDI,;: 75th DLP: 75th
percentile (mGy) Percentile(mGy*cm)
CT Brain 0-1 years 21 315
1-5 years 21 365
5-10 years 23 460
10-15 years 33 750
CT Temporal bones  5-10 years 40 315
10-15 years 56 515
CT Cervical Spine 1-5 years 7 190
5-10 years 8 190
10-15 years 9 230
CT Neck 1-5 years 7 200
5-10 years 7 145
10-15 years 15 260
CT Trunk 1-5 years 5 215
5-10 years 6 235
10-15 years 6 285
CT Chest 1-5 years 4 110
5-10 years 7 145
10-15 years 7 290
CT Abdomen 1-5 years 5 185
5-10 years 5 230
10-15 years 9 460
CTDI, Computed Tomography Dose Index . CT, computed tomography; DLP, Dose

Length Product.
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FIGURE 2: Polynomial exponential curve for the purpose of presenting diagnostic
reference levels for computed tomography abdomen for specific ages. The data
set used in this graph was the dose length product for computed tomography
abdomen examinations, corrected for each year in age (n = 82).

PACS for RMMCH and CMJAH during the study period.
Further limitations included the significant percentage of multi-
phasic CT scans, specifically in the 0-1-year age group, which
limited the statistical significance of the findings.

Conclusion

Overall, the CTDI , and DLP values for the studies
are comparable with most of the international DRLs.
Computed tomography chest and abdomen protocols should
be revised, specifically in the 0-1-year age groups. A suggestion
would be to use weight as an input parameter instead of age
for CT chest and abdomen examinations.
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FIGURE 3: Polynomial exponential curve for the purpose of presenting diagnostic
reference levels for computed tomography brain for specific ages. The data set
used in this graph was the dose length product for computed tomography brain
examinations, corrected for each year in age (n = 687).

The DRL values in Table 9 are suggested as local DRLs for the
University of the Witwatersrand academically affiliated
hospitals as well as their referral hospitals.

The results of this study will be presented to the South African
Society of Paediatric Imaging to aid in the establishment of
national DRLs for paediatric CT examinations.
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