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Abstract

Objectives: The aim of this work was to initially establish both age and weight
driven pediatric diagnostic reference levels (DRLs) for chest computed to-
mography (CT) examinations performed at tertiary care medical institu-
tion. Another aim was to compare the presented data with internationally
published ones. This initial data shall serve as basis for establishing a national
DRLs values for pediatric diagnostic CT examinations. Methods: Dosimetric
indexes were collected for the chest examination for 93 patients during the
past 2 years in a tertiary care medical city. Results: The results are within and
below the international reported levels for chest CT in several countries. Con-
clusion: Continuous monitoring of the radiation doses received by the pa-
tients in computed tomography is continuous and ongoing process in order
to ensure compliance and to optimize clinical imaging protocols. More exten-
sive data acquisition and analysis are required to allow better understanding
of the contributing factors leading to less patient radiation dose while pre-
serving the clinical image quality.
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1. Introduction

One of the most important aspects of radiological patient safety is management of

radiation doses administered to patients in particular young aged ones. The im-
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portance of establishing dose reference levels (DRL) and dose recording and mon-
itoring was recently emphasized by several health care patient safety standards [1].

When found to be necessary, DRLs have been established in order to be used
as a tool to optimize the imaging protocols; It has also been observed that only
few countries have established DRLs for pediatric imaging including CT exami-
nations [2].

DRLs in pediatric CT examinations are scare, therefore a study contributing
to this area in diagnostic radiology is beneficial to the scientific community.

DRLs in CT imaging can be reported using age groups, by weight or by Water
Equivalent Diameter as indicators of patient size in children. To be able to report
radiation doses as recommended we need to have patient’s weight in [kg] and
height in [cm] documented in the patients files that we shall review when re-
porting CT radiation doses in children. If such information is not available, re-
searchers may use alternative approximation methods to report patient’s radia-
tion doses based on individual body size.

Comparisons among different DRLs or radiation dose levels reported in dif-
ferent studies can be impracticable or complicated in case of absence of identical
grouping information. Dose monitoring software’s can solve this issue by col-
lecting enough information about the specific patient size along with the cor-
responding radiation dose from CT imaging studies [3].

Another important issue to be considered when thinking about reporting DRLs
in medical Imaging is the clinical indication of the radiological examination or
the purpose of the imaging study, usually the radiological examination is re-
quested to answer a specific clinical question. In order to answer the clinical
question the obtained images from the scanner must have certain degree of im-
age quality level which is proportional to the radiation dose delivered by the im-
aging system. There are some recommendation about considering the clinical
indications when DRLs are reported or the commonly called the clinical indica-
tion driven DRLs [4].

In order to comply with patient safety standards our medical Center initiated
the establishment of local radiation dose reference levels aimed to take a closer
look at the radiation doses received by our pediatric patients undergoing com-
puted Tomography (CT) examinations. In this study we will present the initial
dose reference levels obtained for the chest CT examinations performed at our
center during the past two years starting from January 2021 to December 2022.
CT examinations for pediatric patients are significantly much less than adults in
numbers, therefore we are presenting in this work a total of ninety three exami-
nations. This study will be considered as the start of a series of radiation dose
audits that will be performed in the future. Another aim of this study was to

compare the local DRLs to the internationally published ones.

2. Materials and Methods

93 Chest CT scans are included in this survey for children under 15 years old of

age [0 - 13] years performed using two CT scanners from two vendors with au-
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tomatic dose modulation applied in both scanners. Patient’s data included in this
retrospective study are from January 2021 to December 2022. We have used both
age and size based grouping to analyze the pediatric radiation dose data as shown
in the results section of this paper and in accordance to the available information
that was available to us during the survey.

Data have been retrieved from the modality work station, and from the Radi-
ology picture archiving and communication system (PACS). These data were
used to gather information on the dose length product (DLP), the volumetric
computed tomography dose index (CTDI,,) and on the size specific dose esti-
mate (SSDE). SSDE was calculated according to AAPM TG-204 [3].

3. Results

We have analyzed 93 patients files the age range was from less than 1 year old to
13 years old. We grouped the data first per age ranges as in Table 1 below. The
CT scanner used in this study is equipped with automatic exposure control and
iterative reconstruction algorithm. The use of both features allows radiation dose
reduction and maintains good clinical images quality.

The scanners used were: Siemens, Somatom-Defintion AS/128 slices and GE,
light-speed VCT/64 slices both equipped with tube current modulation (TCM)
capabilities. The used mAs range was [32 - 220]. The patients weights data were
not available to us in this study therefore we reported our results per age group
and per patient effective diameter (ED) sizes also. The volumetric computed
tomography dose index (CTDIyp), the Dose Area Product (DLP) and the Size
Specific Dose Index (SSDE) are reported.

The obtained average radiation dose for pediatric chest CT examinations are
presented in Table 1 and Figure 1.

Figure 2 has a scattered plot of the DLP as a function of the effective diameter
as surrogate of the patient size, since we did not have the patients weights in-
formation available to us in this study.

Our results indicates slightly higher dose reference levels than the interna-
tionally reported ones as in [5] [6] [7] [8]. Our patients ED was found to be
smaller than the values tabulated in AAPM (TG-204).

Table 1. Pediatric chest CT examinations results grouped by age, the results are in aver-
age values for the parameters: ED, CTDIo), DLP and SSDE.

Effecti
e CIDIwy DLP  SSDE
Age group Male Female diameter (ED)
[mGy] [mGy-cm] [mGy]
[cm]
Less than 1 year 7 6 11.0 1.5 25.7 4.5
1 < Age < 5 years 25 18 14.2 2.2 46.1 4.9
5<Age<10years 15 13 16.6 3.7 87.5 6.3
10 <Age<13years 5 4 20.1 4.2 110.0 6.7
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Figure 1. Histogram of the CTDI) as function of the age groups used in this study.
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Figure 2. Showing the DLP in [mGy-cm] as a function of the patient effective diameter in
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Figure 3. Scatter plot of the CTDI o) as function of the patients LAT dimension in [cm].
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4. Discussion

Only a few countries have established their DRLs for pediatric examinations.
The European guidelines on reference dose levels published in 2018 contain ba-
sic recommendations on how to establish and use DRLs for pediatric X-ray ex-
aminations and procedures, which include defining local, national, and Euro-
pean DRLs, the examinations for which DRLs should be established, using
weight and age groups, and providing a dose reference for each group and type
of image [9].

The ICRP recommendation is that DRLs for the pediatric population should
be adjusted for weight or size and that this adjustment, in turn, should help in
optimizing the use of radiation without interfering with the quality of diagnostic
information; EC radiation protection report 185 recommends the use of patient
weight as grouping variable to report and analyze DRLs for pediatric patients
[10].

The age and weight must be taken into account when establishing DRL for
pediatric patients, owing to large variations in the children’s body size. The as-
sociation between dose and patient size may be used to adjust CT protocols for a
specific patient [11].

High performance CT scanners on the international market today with many
radiation dose optimization features have contributed to lowering the radiation
dose delivered to the patient during CT scanning, this trend is very beneficial to
the pediatric patient community worldwide.

DLP data permit facilities to compare the amounts of radiation used to per-
form similar examinations to perform such comparison there is a need to specify
the patient size because most CT scanners use automatic exposure control to
adjust the amount of radiation and this latter feature is based on patient size and
shape [12].

The difference in radiation doses are mainly due to the differences in patient’s
size (weight and height), the exposure parameters, the scan length, the number
of acquisition series and the scanner model.

Scanners have evolved over time and automatic exposure control techniques
play a major role in todays’ scanners in order to reduce the radiation dose re-
ceived by the patients while maintaining acceptable image quality.

Using the world largest database of CT dose information from actual patient
examinations in the world; multivariate regression analysis showed that water
equivalent diameter and lateral thickness were significant predictors of dose in-
dexes [13]. Therefore, taking patients’ size into account is important factor to
consider in future studies related to developing DRLs in CT, size based DRLs is
the future direction in CT DRLs.

Our data analyzed in the results section and in Figure 3, we can see that there
is an exponential fit to the reported data. The same applies to Figure 2 in same
section of this paper.

The current trend in the use and application of DRIs in CT are based on clini-
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cal indication (DRL,), since more than one indication maybe present for one
anatomical area. The chest for example, different scan protocols can be applied
depending on the purpose of the requested CT scan. Therefore DRLs should be
classified based on clinical indication and not on anatomical area [14].

The lack of focus on actual scanning protocols has produced estimates that do
not reflect the range and complexity of modern CT practice. To allow clinicians,
patients and policy makers to make informed risk versus benefit decisions the
individual and population level risks associated with modern CT practices are
essential [15].

Large variation in the delivered radiation doses from CT imaging in children
can be explained by the fact that there is significant body weight variation among
the children inside each of the age groups. Another factor is the use of different
imaging protocols among medical centers in every country, clinical indications
and the used CT scanners type and technology are all factors responsible for the
large variations observed among different reported studies. Therefore clear trends
in radiation doses from CT scanning in children will be better understood after
collecting large numbers of data from different institutions and countries world-
wide.

One major shortcoming of this study was the absence of patient weights data,
it is highly recommended to keep track of patients weights and heights along
with the radiation doses in pediatric CT examination as recommended by many

standards.

5. Conclusion

DRLs are a good optimization tool in diagnostic radiology, a continuous evalua-
tion of the DRL in CT applications are very important since there is room for
optimization in that area. The use of DRL based on clinical indications is re-
quired in order to reduce patient’s radiation dose. Standardizing CT acquisition
protocols is warranted at the local, national and international levels. Clinicians
should be aware of this current optimization strategy undertaken by a number of

countries around the world.
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