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The increasing use of computed tomography (CT) in paediatric healthcare has raised
concerns about radiation exposure and its potential carcinogenic effects. In this study,
we carried out a systematic review to evaluate the radiation dose exposure from
routine CT examinations in paediatric patients aged 0-20 years, covering studies
published between 2013 and 2024. The review focuses on four types of CT
examinations: CT Chest, CT Abdomen, CT Abdomen-Pelvis, and CT Chest-Abdomen-
Pelvis (CAP). A comprehensive search across four databases, namely ScienceDirect,
Google Scholar, PubMed, and Scopus, yielded 37,486 citations, from which 40 eligible
studies were selected: 17 on CT Chest, 8 on CT Abdomen, 9 on CT Abdomen-Pelvis, and
6 on CT CAP. Key radiation dose indices, such as volume-weighted CT dose index
(CTDIvol), effective dose (E), dose length product (DLP), and size-specific dose
estimates (SSDE), were extracted and analysed. The highest mean values of CTDIvol,
DLP, and E were observed in CT CAP for patients in the weight-based category >45 kg,
with values of 7.80+£2.80 mGy, 368.60+107 mGy-cm, and 10.79+3.97 mSy, respectively.
The highest mean SSDE was found in CT Abdomen-Pelvis for patients weighing more
than 45 kg, with a value of 11.80+4.61 mGy. Regarding image quality metrics, the
highest image noise was observed in CT Abdomen for the 0-45 kg weight category, with
a value of 21.0+4.5 HU. These findings underscore the importance of implementing
body size or weight-based protocols, adjusting CT acquisition parameters, and utilizing
advanced reconstruction techniques to achieve significant radiation dose reduction
while maintaining diagnostic image quality. This review highlights the need for
optimizing CT protocols to ensure radiation safety in paediatric imaging, with an
emphasis on tailored strategies based on patient dimensions and cutting-edge
technological interventions.
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1. Introduction

Computed tomography (CT) imaging is an essential diagnostic tool frequently employed in
paediatric healthcare because it can deliver precise anatomical information [1]. Since its invention in
1972 by British Engineer Godfrey Hounsfield, CT technology has advanced significantly, providing
enhanced resolution and diagnostic accuracy compared to other imaging modalities, which allows
for quick and effective diagnosis [2,3]. However, CT scans utilize ionizing radiation, raising concerns,
particularly for paediatric patients who are especially vulnerable to radiation-induced effects due to
their developing tissues and longer life expectancy [4-6].

Studies indicate that CT accounts for more than half of the effective dose in certain populations,
such as in the USA, significantly contributing to overall medical radiation exposure [7]. The radiation
burden is a greater concern for paediatric patients. Due to their increased radiosensitivity compared
to adults, children face a heightened risk of long-term consequences from radiation exposure,
including cancer [8]. A seminal study by Almujally et al., [9] found a significant association between
exposure to CT scans in childhood and an increase in cancer incidence, emphasizing the need for
careful use of CT imaging in this vulnerable age group.

Several factors influence the radiation doses received by paediatric patients during CT scans,
including the anatomical regions being examined, patient demographics, and scanning protocols
[10]. Research conducted by authors [11,12] highlights that multi-region scans, such as CT Chest-
Abdomen-Pelvis (CAP) and CT Abdomen-Pelvis, can significantly elevate the total radiation doses
received by patients. Therefore, optimizing CT acquisition parameters such as tube voltage, pitch,
and slice thickness are crucial for minimizing radiation exposure while maintaining diagnostic
accuracy [13]. Special attention to dose optimization is necessary in paediatric CT imaging,
considering the child's lifetime risk of developing cancer [14].

Given the imperative to reduce radiation exposure without compromising image quality, dose-
optimization techniques such as the implementation of advanced reconstruction methods and
meticulous selection of acquisition parameters are essential [15]. This systematic review aims to
conduct a thorough evaluation of radiation doses in paediatric CT imaging, focusing on the chest,
abdomen, abdominopelvic area, and CAP regions. It seeks to explore the relationships between
radiation dose, scanning protocols, CT acquisition parameters, and patient characteristics, including
body weight, to guide best practices in clinical settings.

While there has been significant research on radiation dose optimization in adult CT imaging, the
impact of specific CT acquisition parameters on paediatric populations has not been comprehensively
addressed. This review aims to bridge this gap by systematically examining the factors that contribute
to radiation exposure in paediatric CT, focusing particularly on multi-region scans like CT Chest-
Abdomen-Pelvis (CAP) and how different protocols can be optimized for safer paediatric imaging.

The primary objective of this review is to systematically assess radiation dose exposure in
paediatric CT exams. It aims to identify areas needing improvement and to provide evidence-based
recommendations that balance patient safety with diagnostic efficacy. By doing so, this review seeks
to support ongoing efforts to optimize paediatric CT protocols, ensuring that the benefits of
diagnostic imaging outweigh the associated risks of radiation exposure.

2. Methodology
2.1 Study Design

This systematic review aimed to assess radiation dose exposure associated with routine CT
examinations (CT Chest, CT Abdomen, CT Abdomen-Pelvis, and CT Chest-Abdomen-Pelvis) among
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paediatric patients aged 0-20 years. The study adhered to established protocols for systematic
reviews, ensuring comprehensive and thorough synthesis and analysis of the literature.

2.2 Search Strategy

A detailed search strategy was developed to identify relevant studies published from 2013 to
2024. Four major electronic databases—ScienceDirect, Google Scholar, PubMed, and Scopus—were
systematically searched. The search included keywords and Boolean operators: ("radiation dose" OR
"radiation exposure" OR "dose exposure" OR "radiation dosage") AND ("CT examination" OR
"computed tomography" OR "CT scan") AND ("paediatric patients" OR "children"), alongside Medical
Subject Headings (MeSH) terms specific to CT Chest, CT Abdomen, CT Abdomen-Pelvis, and CT Chest-
Abdomen-Pelvis. Filters were applied to limit the results to studies published in English and within
the defined period. The study selection process is illustrated in the flow chart (Figure 1), detailing the
number of studies identified, screened, and selected at each stage.

<
e,
)
0
O
.‘E * 4 databases (ScienceDirect, Google Scholar, PubMed &
(<= Scopus) were used for the search of CT examination of
% Chest, Abdomen, Abdominopelvic & CAP for Pediatric
- patients.
* Time frame: 2013-2024
* Total citations found : 37.486

oo
=
= 37,140 citations were not related to the title.
g v
C Abstract of 346 citations were screened for further
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> Duplicate journals
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© Involved general lati bject
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o 40 Studies included in qualitative synthesis related to CT Involved adult population as subjects.
= examination of chest, abdomen, Abdomen- pelvis & CAP for No information on radiation dose/image quality
(é pediatric patients were extracted.

Fig. 1. Flow chart for search strategy employed in the study
2.3 Study Selection Criteria

Eligible studies were selected based on predefined inclusion and exclusion criteria stated below:
Inclusion criteria:

i.  Studies involving paediatric patients (0—20 years) who underwent routine CT Chest, CT
Abdomen, CT Abdomen-Pelvis, and CT Chest-Abdomen-Pelvis (CAP) examinations.
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ii.  Studies reporting data on radiation dose indices (e.g., CTDIvol, DLP, E, SSDE) and image
quality metrics (e.g., image noise).

iii.  Original research articles that provided mean and standard deviation of radiation doses.

iv.  Studies categorizing patient data by weight (0-45 kg and >45 kg).

Exclusion criteria:

i.  Studies lacking demographic information (e.g., age).
ii.  Studies focused on multiple unrelated examinations or other imaging modalities.
iii.  Studies that did not provide key radiation dose data (e.g., CTDIvol).
iv.  Phantom or animal studies, review articles, or meta-analyses.
v.  Studies not published in English.

Additionally, the scope of this review was focused on routine CT examinations to ensure
standardization across included studies. While other imaging modalities or advanced CT techniques
were excluded, this decision was made to provide a concentrated evaluation of radiation exposure
and dose optimization in routine paediatric CT imaging.

2.4 Data Extraction

Data extraction was performed independently by two reviewers using a standardized form. The
following information was extracted from each study:

i.  Study Characteristics: Year of publication, authors, and study design.

ii.  Patient Demographics: Age, weight, body width, and sample size.

iii.  CT Scanner and Radiation Exposure Parameters: CT scanner model, tube voltage (kVp),
tube current (mA), pitch, nominal beam width (NBW), and collimation size.

iv.  Radiation Dose Indices: Volume-weighted CT dose index (CTDIvol), dose length product
(DLP), effective dose (E), and size-specific dose estimates (SSDE).

v.  Basic Image Quality Metrics: Image noise levels and reconstruction techniques.

vi.  Discrepancies between reviewers were resolved by consensus, and the accuracy of data
extraction was verified by cross-referencing with the original source material.

2.5 Quality Assessment

The quality of the studies included was assessed using the Newcastle-Ottawa Scale (NOS) for
cohort studies, focusing on three main domains: selection of study groups, comparability between
groups, and accuracy of outcome measurements.

2.6 Data Synthesis and Analysis

A narrative synthesis was conducted to summarize the findings from the included studies. The
data on radiation dose indices and image quality parameters were synthesized and presented
descriptively, highlighting significant trends, variations, and the effects of different CT acquisition
parameters. Subgroup analyses were performed to explore the relationships between radiation dose,
image quality, and associated factors, adhering to weight-based protocols (0-45 kg and >45 kg).
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2.7 Ethical Considerations and Reporting

As this study involved secondary analysis of data from published studies, ethical approval was not
required. All data were obtained while maintaining patient confidentiality and adhering to copyright
and intellectual property standards.

This systematic review followed the Preferred Reporting Items for Systematic Reviews (PRISMA)
guidelines to ensure transparent and comprehensive reporting of the methods and findings.

2.8 Statistical Analysis

The statistical analysis was conducted using IBM SPSS Statistics (Version 20.0, IBM Corporation,
Armonk, NY, USA). Descriptive statistics, including mean, standard deviation (SD), minimum, and
maximum values, were calculated to summarize radiation dose metrics across different body weight
categories and protocols. Inferential tests, including one-way Analysis of Variance (ANOVA) and t-
tests, were used to compare variables across protocols. Assumptions such as normality and
homogeneity of variances were tested prior to analysis to ensure the validity of the statistical
methods. A p-value of < 0.05 was considered statistically significant. Mean differences (MD) for each
outcome were reported along with 95% confidence intervals (Cl) to provide a measure of precision
around the estimates. These techniques were selected to provide robust comparisons and insights
into the data, enhancing the credibility of the findings.

3. Results

The literature search retrieved a total of 37,486 citations. After applying inclusion and exclusion
criteria, 40 articles were selected for systematic review (see Figure 2). Of these, 17 studies focused
on CT Chest, 8 on CT Abdomen, 9 on CT Abdomen-Pelvis, and 6 on CT Chest-Abdomen-Pelvis (CAP).
Among the 4,763 paediatric patients included in this study, 1,880 were males and 1,592 were
females. The remaining 1,291 patients did not specify gender. Table 1 and Figure 2 summarize the
distribution of sample sizes by gender and non-gender categories across CT protocols. The average
patient age was 9.09 £ 4.65 years, with an age range from one day to 20 years.

Table 1
Summary of paediatric sample size across ct protocols by gender (male/female) and non-gendered
category
Protocol Sample Size Total
M F *A
CT Chest 529 374 881 1784
CT Abdomen 624 543 202 1369
CT Abdomen -pelvis 372 396 103 871
CT CAP 355 279 105 739
Total 1880 1592 1291 4763

M = Male, F = Female
*A= non- gendered category (patients not classified as male or female)
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Fig. 2. Distribution of paediatric sample size by CT protocols and gender(M/F) and non-gendered category

Table 2 presents an overview of the various CT scanners used. Siemens Medical Systems was
utilized in 19 studies, followed by Philips Medical Systems (11 studies), GE Healthcare (8 studies), and
Toshiba Medical Systems (1 study). Figure 3 visualizes the distribution of these scanners across
different CT examination protocols.

Table 2
Summary of CT Scanner Types Across Examination Protocols
CT Protocols Sum of Siemens Sum of Philips Sum of GE Healthcare Sum of Toshiba
Medical Systems Medical Systems Medical Systems Medical Systems
CT Chest 8 3 5 1
CT Abdomen 4 3 1 0
CT Abdomen - 5 2 1 0
Pelvis
CT CAP 2 3 1 0
Grand Total 19 11 8 1
9
8
7
6
5
4
3
2
: I HER I []
0
Siemens Medical System GE Healthcare Philips Medical System Toshiba Medical System

B CT Chest B CT Abdomen ®mCT Abdomen - Pelvis B CT CAP

Fig. 3. Distribution of CT scanner types across examination protocols
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3.1 CT Protocols and Acquisition Parameters

Key CT protocols and acquisition parameters such as tube voltage (kVp), slice thickness, nominal
beam width (NBW), and pitch are summarized in Table 3. These parameters were used across four
main protocols: CT Chest, CT Abdomen, CT Abdomen-Pelvis, and CT CAP. The tube voltage range used
for all protocols was between 80 and 120 kVp.

The widespread use of this tube voltage highlights the need to consider other acquisition
parameters, such as pitch, anatomical coverage, body size, and body weight, to understand variations
in radiation dose. Larger anatomical regions or patients with greater body weight often require higher
radiation exposure to ensure adequate image quality. In conjunction with advanced dose modulation
methods like Tube Current Modulation (TCM), these factors influence total radiation exposure in
paediatric imaging.

For optimal radiation dose efficiency, most studies reported a pitch factor between 0.6 and 1.4.
However, a high pitch value of 3.2 was used by Bodelle et al., [16] for CT Chest (Table 4), reflecting
variations in clinical practices and diagnostic needs. Most studies applied TCM as a dose-saving
measure to balance radiation exposure with image quality.

Table 3

Summary of CT protocols and acquisition parameters

CT Protocol No. of detector collimation (mm) Tube Tube Slice Thickness Pitch
Voltage Current (mA) (mm)
(kvp)

CT Chest 64 x 0.6 or 64 x0.625 or 128 x 0.6 80-120 TCM 0.625, 0.6-3.2

1,2.5,3,5
CT Abdomen 64 x0.6 or 64 x 0.625 or 128 x 80-120 TCM 0.6,1.2,2.5,5 0.6-1.2
0.625

CT 64 x0.6250r 128 x0.6 or 192 x0.6 80-120 TCM 1,2,3,5 0.5-1.5

Abdomen-

pelvic

CT CAP 64 x 0.6 or 64 x 0.625 80-120 TCM 2,3,5 0.758-1.4

TCM = Tube current modulation

Slice thickness values of 0.6 mm, 3 mm, and 5 mm were commonly used, while the highest range
of 1-10 mm was reported by Toossi et al., [17] for both CT Chest and CT Abdomen-Pelvis (Tables 4
and 6). The NBW most frequently used was 64 x 0.6 mm, although Ryu et al., [18] reported a wider
NBW of 320 x 0.5 mm for CT Chest (Table 4). This reflects the variability in clinical approaches based
on patient demographics and anatomical regions.

Selecting the right pitch factors and slice thicknesses were essential for optimizing radiation dose
while maintaining diagnostic image quality. In paediatric imaging, achieving a balance between
reducing radiation exposure and ensuring clear images is critical for effective clinical practice.

3.2 Radiation Dose and Image Noise

Among the 40 selected studies, 7 focused on CT Chest, 2 on CT Abdomen, 2 on CT Abdomen-
Pelvis, and 1 on CT CAP. None of these articles included patient weight data. Radiation output
parameters were compared and distributed between body weight categories (0-45 kg and >45 kg)
(Figure 4a-d, Table 8). Across all protocols, paediatric patients in the >45 kg category had higher mean
values of CTDIvol, DLP, E, and SSDE values compared to those in the 0-45 kg group, with the exception
of CT Abdomen, where higher values were observed in the 0-45 kg group.
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Additionally, the results for CTDIvol, DLP, E, and SSDE were generally higher for CT CAP compared
to CT Abdomen-Pelvis, CT Abdomen, and CT Chest. Table 4 shows the highest average values of these
dose metrics for CT Chest when a weight-based protocol was applied: 9.5+2.1 mGy (CTDlvol),
2761123 mGy-cm (DLP), 6.5+3.5 mSv (E), and 7.6+4.4 mGy (SSDE).

For patients in the >45 kg group, mean CTDIvol, DLP, E, and SSDE values were 4.1812.23 mGy,
159.53+137.47 mGy-cm, 3.54£1.91 mSv, and 6.36£3.50 mGy, respectively. In comparison, the mean
values for the 0-45 kg group were 2.68+1.86 mGy (CTDIvol), 82.81+65.54 mGy-cm (DLP), 2.98+2.83
mSv (E), and 2.84+1.40 mGy (SSDE).
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Table 4

Characteristics of selected studies on CT Chest

Study (year No. of patient Meanage+ Body Body Radiation dose indices Nominal  Tube Pitch Image Reconstruction
of the (M/F) SD/ median width  weight  CTDlvol DLP ED (mSv) SSDE Beam voltage noise technique
publication) (years)** (cm) (kg) (mGy) (mGy.cm) (mGy) Width (kVp) (HU)
[Ref.] (mm)
Weight-based protocol
[19] 28 (17/11) 10.9+4.8 - 0-45 1.5+0.8 N/R N/R 1.8+ N/R 100 0.6 N/R N/R
(3-18) 0.9
[20] 46 5.8t4.5(0- - 0-45 2.20£0.5 45(33-76) N/R N/R N/R 80-120 N/R 17.0¢6. N/R
>12) >45 2 - 3
3.90+0.5
7
[21] 27 N/R (2-15) - 0-45 9.5+2.1 2761123 6.5£3.5 N/R N/R 120 1-2 N/R N/R
(0.56-
2)
[18] 59 (39/20) 4.43+4.69 - 0-45 2.69+0.2 49.74+ N/R N/R 320x0.5 80-120 1.0 N/R IR
1 11.62
[22] 13 3.1£1.0(0- - 0-45 1.610.3 N/R N/R 3.610.7 128x0.6  80-120 1.4 47.8% FBP/IR
11) >45 2.8+0.7 5.1+1.3 +6.9%
[23] 514 8 (0-20) - >45 5.5(1.0- 2023 3.85+1.32 8.7 N/R 100 or 1.26 N/R N/R
15.0) (20.9- (2.2- 120 (0.98-
676.6) 16.4) 1.38)
[24] 72 1046 (0-19) - 0-45 2.1+0.5 - N/R - 64x0.6, 80-140 0.9 - N/R N/R
>45 3.8£2.6 1255+ 5.1+ 192x0.6 1.21
108.0 3.3
[25] 120(79/41) N/R (0-15) - 0-45 25+12 59.5+32.9 2.3+1.2 5.2+ 32x0.6, 80-120 0.8- N/R N/R
>45 4.942.5 185.0+ 4.2+2.0 24 64%0.6 1.4
140.8 7.614.4
[26] 12 11.5+4.6 - 0-45 1.31+0.5 49.0126.3  2.243.2 2.0£0.6 N/R 70-100  0.992: 12.6+3. IR, DLR
(1-18) 1 3.
24.516.
1
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[27] 345 8 (0-15) - 0-45 0.77+0.4 17.67% 0.90+0.36  1.63% N/R 70-100 0.6- N/R IR
(190/155) >45 5 12.06 2.57+1.24 0.67 1.9
4.20+2.4  125.33% 5.30+
8 79.43 2.21
Non-weight-based protocol
[28] 45 (25/20) 1.8 (0-6) - - 0.67 £ 14.7 £3.1 0.25+ N/R N/R 120 1.375 3.0£0.0- FBP,IR
0.17 0.05 5.0 £0.0
[29] 105 N/R (0-15) - - 8.90 + 201.75 2.78+ 6.08+ N/R <100 N/R N/R N/R
3.60 +184.75 0.24 3.59
[30] 57 (31/26) 1439 (0- - - 051+ 13.14 0.31 0.46 64x0.625 80 OR 1.375 12.3-47.2 IR
20) 0.19 6.15 +0.14 0.17 100
(0.20- (5.65- (0.13- (0.24-
0.77) 35.08) 0.57) 0.76)
[16] 87 (54/33) 9.1+4.9 (0O- 17.2+ - 0.58+0.30 16.8+ 0.44+ 1.00+ 128x0.6, 80 1.2-3.2 110-182 FBP, IR
18) 4.0 - 11.2 0.20 0.43 2x192x0.
19.7+ 6
4.3
[31] 10 (10/0) 14.5 (12- - - 0.20+0.08 7.5+2.9 N/R 0.4+0.1 64x0.625 80 1.375:1 20.0+3.6- IR
18) 26.2+4.9
[17] 152 (84/68) N/R (1-15) - - 5.8213.25 184.63% 6.43+ N/R N/R 80-130 0.6-1.5 N/R N/R
98.39 4.46
[32] 92 6.38+1.16 - - 5.5 (1- 131.5 262+ N/R N/R 80-140 1.3(0.6- N/R N/R
(0-15) 33.8) (13.8- 0.51 1.6)
375.5)

CTDIvol: Volume CT Dose Index; DLP: Dose-Length Product; E: Effective Dose; SSDE: Size-Specific Dose Estimate; SD: Standard Deviation; N/R: Not Reported; FBP: Filtered Back Projection; IR: Iterative
Reconstruction; DLR: Deep Learning Reconstruction; M: Male; F: Female.
** Numbers in Parentheses are Mean/Median age range.

For CT Abdomen, mean CTDIvol, DLP, E, and SSDE values were 10.25+2.87 mGy, 363.5t152.1 mGy-cm, 7.2411.94 mSv, and 12.0+2.9 mGy,
respectively (Table 5). In the 0-45 kg group, the mean CTDIvol and DLP values were 6.59+2.53 mGy and 271.90+£163.90 mGy-cm, compared to 4.13+0.71
mGy and 164.80+1.70 mGy-cm for the >45 kg group. E and SSDE could not be compared due to lack of data for the >45 kg group. However, previous
study reported higher CTDIvol and DLP values for non-weight-based protocols in the 0-45 kg group [9].
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Table 5
Characteristics of selected studies on CT Abdomen
Study (year  No. of Mean age  Body Body Radiation dose indices Nominal  Tube Pitch Image Reconstruction
ofth'e ' patient + SD( width(cm)  weight CTDhe DLP ED (mSv) SSDE Bgam voltage noise technique
publication) (M/F) median (kg) (MGy) (mGy.cm) (MGy) Width (kVp) (HU)
[Ref.] (years)** (mm)
Weight-based protocol
[33] 939 10 (0-18) <15-24, 0-45 6.94 259.08 £ 7.24 120+ N/R 80-140 N/R N/R N/R
(499/440) 25-230 3.13 171.36 1.94 2.9
[20] 47 5.844.5 - 0-45 3.25+0.90 105 (90-159) N/R N/R N/R 80-120 N/R 21.0£4.5 N/R
(0-212) >45 5.40+0.71 -
[21] 28 N/R (3-15) - 0-45 11 (4-22) 554 (163- 9(2-19) N/R N/R 120 1(0.94-2) N/R N/R
1652)
[34] 116 N/R (0-12) - 0-45 10.25 363.5+152.1 N/R N/R N/R 80-120 0.6-1.2 N/R N/R
(65/51) 2.87
[26] 23 11.5+4.6 - 0-45 1.510.6 77.9+35.0 2.0+£0.7 2.5¢0.9 N/R 70-100 0.992:1 11.1+3.6- IR, DLR
(1-18) 19.9+3.7
[35] 112 <18 (9-18) - >45 2.85+0.07 164.8+1.7 N/R N/R 128 x 80-120 0.6- 26+08- IR
(60/52) 0.625, 1.258 3.5+0.7
64 x
0.625
Non- weight-based protocol
[9] 17 N/R (0-10) - - 2393+ 651.78+271 N/R N/R N/R 130 0.6 N/R N/R
6.83
[36] 87 13+4.5(2- - - 9.8 485 (53.59- 7.2(3.14- N/R 64x0.6 80-140 0.6% N/R N/R
17) (2.09 - 2012.3) 17.68) 0.005
45.77) (0.55-0.6)

CTDIvol: Volume CT Dose Index, DLP: Dose-Length Product; E: Effective Dose; SSDE: Size-Specific Dose Estimate; SD: Standard Deviation; N/R : Not Reported; FBP: Filtered Back Projection; IR: Iterative
Reconstruction; DLR: Deep Learning Reconstruction; M : Male; F: Female.
** Numbers in Parentheses are Mean/Median age range.

For CT Abdomen-Pelvis, the highest mean CTDIvol, DLP, E, and SSDE values were 14.24+0.86 mGy, 301.23+5.40 mGy-cm, 8.50£2.74 mSv, and
15.1+2.5 mGy (Table 6). In the >45 kg group, mean values were 7.60+4.89 mGy (CTDlvol), 334.10+166.0 mGy-cm (DLP), and 11.80+4.61 mGy (SSDE),
compared to 6.11+2.06 mGy, 232.12+143.10 mGy-cm, and 7.60+3.56 mGy for the 0-45 kg group. Due to limited data, no comparison was made for E in
the 0-45 kg group.
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Table 6
Characteristics of selected studies on CT abdomen-pelvis
Study (year  No. of Mean Body Body Radiation dose indices Nominal  Tube Pitch Image Reconstruction
of the patient aget width(cm) weight CTDlol DLP (mGy.cm) ED(mSv)  SSDE Beam voltage noise (HU)  technique
publication) (M/F) SD/ (kg) (mGy) (mGy) Width (kVp)
[Ref.] median (mm)
(years)**
Weight-based protocol
[37] 15 (8/7) 10.1£3.1 - 0-45 14.24+0.86 301.23+5.40 N/R N/R N/R 80-140 1.375:1 7.06%#5.14- N/R
(6-15) 15.5848.40
[38] 41 10.1+#5.3 <18-24 0-45 3.02+0.83 N/R N/R 4.610.4 N/R 80-120 0.758- 12.2+1.3- FBP/IR
(20/21) (2-18) 25-235 0.993  15.1#1.7
[39] 28 10 (0-18) - 0-45 5.41£2.8 N/R N/R N/R N/R 120 N/R N/R N/R
(16/12)
[40] 386 9.414.9 <15-24 0-45 5.310.7 N/R N/R 11.7+¢1.4 64x0.625 100- 0.7-1.0 N/R FBP/IR
(172/214) (0-18) 25->30 >45 9.6%2.5 15.1+2.5 120
[22] 24 8.714.8 - 0-45 52+25 N/R N/R 9.1+3.3 128x0.6 80-120 1.4 47.8% t FBP/IR
(1-17) >45 7.415.6 11.1+4.5 6.9%
[23] 101 8 (0-20) - >45 8.4(1.7- 441.2 (43.5- 8.50+2.74 12.7(3.2- N/R 100or 1.22 N/R N/R
(46/55) 21.3) 1218.9) 28.4) 120 (0.98-
1.38
[24] 79 1246 (0- - 0-45 3.51£2.3 163.0+£143.0 N/R 5.01£5.0 128x0.6, 80-140 0.9- N/R IR
19) >45 5.043.2 227.0£166.0 8.3%4.0 192x0.6 1.2:1
Non- weight-based protocol
[41] 36(27/9) 9.7(1-17) - - 3.09+1.66 134.77+91.88 N/R N/R 128 x0.6 80-140 0.6 6.44 + N/R
(0.95-5.36) (31-262) 0.81-7.21 +
1.31
[17] 161 N/R (1- - - 8.2614.81 283.17+151.64 9.47+3.57 N/R N/R 80-130 0.5-1.5 N/R N/R

(83/78)  15)

CTDIvol: Volume CT Dose Index; DLP: Dose-Length Product; E: Effective Dose; SSDE: Size-Specific Dose Estimate; SD: Standard Deviation; N/R: Not Reported; FBP: Filtered Back Projection; IR: Iterative
Reconstruction; M: Male; F: Female.

** Numbers in Parentheses are Mean/Median age range.

For CT CAP, the highest mean CTDIvol, DLP, E, and SSDE values were 6.17+2.53 mGy, 2931107 mGy-cm, 10.79+3.97 mSy, and 5.7+1.6 mGy (Table 7).
In the >45 kg group, these values were 7.80£2.80 mGy, 368.6£107.0 mGy-cm, 10.79+3.97 mSv, and 7.25%£3.3 mGy, compared to 5.091£3.03 mGy,
217.30+133.09 mGy-cm, 5.23+2.07 mSv, and 5.70+1.60 mGy for the 0-45 kg group.
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Table 7
Characteristics of selected studies on CT CAP
Study (year No. of Mean Body Body Radiation dose indices Nominal  Tube Pitch Image noise  Reconstruction
of the patient age + width weight CTDlwoi  DLP ED (mSv)  SSDE Beam voltage (HU) technique
publication)  (M/F) SD/ (cm) (kg) (mGy) (mGy.cm) (mGy) Width (kVp)
[Ref.] median (mm)
(years)**
Weight-based protocol
[42] 25(11/14) 10.8(1- - >45 4.4+2.8 N/R N/R 4.4+33  64x0.625 80-120 1.375:1  8.4-19.4 IR
20)
[38] 41 (20/21) 10.1+5.3 <18-24 0-45 4.0£2.0 146160 N/R 5.7t1.6 N/R 80-120 0.758- 12.2+1.3- FBP/IR
25-235  >45 - 2931107 - 0.993 15.1+£1.7
[43] 40 (21/19) 7.8%4.7 - >45 12.6 N/R N/R N/R 64x0.625 120 1.0 N/R N/R
(0-17)
[23] 455 8 (0-20) - >45 6.4 444.2 10.79+ 10.1 (2.6- N/R 100 or 1.31 N/R N/R
(269/186) (1.4- (45.7- 3.97 24.6 120 (0.98-
21.2) 1750.1) 1.38)
[44] 73 (34/39) N/R (0- - 0-45 6.17 £ 288.6 + 5.23 ¢ N/R 64x0.6 100 1.2 N/R N/R
12) 2.27 118.8 2.07
Non- weight-based protocol
[45] 105 8.0£3.87 - - 8.63 ¢ N/R N/R 14.72 64x0.625 80-120 0.891 N/R N/R
(0-16) 2.53 3.36

CTDIvol: Volume CT Dose Index, DLP: Dose-Length Product; E: Effective Dose; SSDE: Size-Specific Dose Estimate; SD: Standard Deviation; N/R: Not Reported; FBP: Filtered Back Projection; IR: Iterative

Reconstruction; M: Male; F: Female.
** Numbers in Parentheses are Mean/Median age range.
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Table 8 and Figure 4 summarize the comparison and distribution of radiation dose parameters

across CT protocols according to weight categories.

Table 8

Comparison of radiation dose parameters across CT protocols based on weight categories
Weight CT Protocols Radiation Dose Indices

Categories (kg) CTDIvol (mGy) DLP (mGy.cm) E(mSv) SSDE (mGy)
0-45 CT Chest 2.68 82.81 2.98 2.84

>45 4.18 159.53 3.54 6.36

0-45 CT Abdomen 6.59 271.90 6.08 7.25

>45 4.13 164.80 N/R N/R

0-45 CT Abdomen-Pelvis  6.11 232.12 N/R 7.60

>45 7.60 334.10 8.50 11.80

0-45 CT CAP 5.09 217.30 5.23 5.70

>45 7.80 368.60 10.79 7.25

12
10

(=T S I A ]

Fig. 4 (a-d). Distribution of radiation dose parameters across CT protocols based on weight categories

CTDIvol : Volume CT Dose Index; DLP : Dose Length Product; E: Effective Dose; SSDE: Size-Specific Dose Estimate
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Tables 5, 6, and 7 also present data on body width for CT Abdomen, CT Abdomen-Pelvis, and CT
CAP. Paediatric patients with body widths of 25—>35 cm had higher DLP values for CT CAP than those
with a width of 18-24 cm. Patients with body widths of 25->30 cm had higher SSDE values for CT
Abdomen-Pelvis than those with widths of <15—-24 cm. No comparison of body widths was made for
CT Abdomen due to insufficient data.

Among the analysed studies, 16 offered detailed numerical data on image noise, expressed as
means and standard deviations (SD) (Tables 4-7). One study used DLR, seven used FBP, and 14 used
IR to reduce noise. Qualitative evaluations, based on four-or five-point Likert scales, were applied in
24 studies. These studies consistently reported good to excellent image quality regardless of the
protocol used.

Meyer et al., [31] reported the highest image noise range for CT Chest, between 20.0+3.6 HU and
26.2+4.9 HU, although the 0-45 kg group had most image noise values reported across protocols
(Table 4). Kritsaneepaiboon et al., [20] found that CT Abdomen had the highest mean image noise
value (21.0+4.5 HU) for the 0-45 kg group (Table 5), demonstrating the importance of weight-based
protocols and reconstruction methods for controlling image noise and optimizing image quality,
particularly in young patients.

Yu et al., [22] reported image noise as a percentage, with a value of 47.8% +6.9% for weight-
based CT Chest and CT Abdomen-Pelvis protocols within the 0-45 kg category (Tables 4 and 6).

Furthermore, for non-weight-based CT Chest protocols, image noise ranges between 110-182 HU
were observed, while for weight-based CT CAP protocols, the noise range was reported between 8.4
and 19.4 HU, as highlighted by Bodelle et al., [16] and Smith et al., [42] (Tables 4 and 7). Since this
review only considered studies where image noise was presented in terms of means and standard
deviations (SD), direct comparisons with these studies were excluded from the analysis.

4, Discussion

Advances in paediatric computed tomography (CT) have greatly enhanced diagnostic accuracy.
However, concerns about radiation exposure persist owing to children's increased sensitivity to
ionizing radiation. Their rapidly developing tissues and longer lifespans make them particularly
vulnerable to radiation-induced effects, such as cancer [46,47] . Given the growing use of CT scans in
paediatric care, it is important to optimize imaging protocols to minimize radiation exposure while
preserving image quality [10]. This review systematically examined various paediatric CT protocols,
including CT Chest, CT Abdomen, CT Abdomen-Pelvis, and CT Chest-Abdomen-Pelvis (CAP), assessing
variables including body weight, pitch, slice thickness, and image noise.

These findings reveal that CT CAP registered the highest radiation dose, trailed sequentially by CT
Abdomen-Pelvis, CT Abdomen, and CT Chest. This contrasts with Muhammad et al., [48], who
attributed higher doses trendy CT Abdomen-Pelvis to the use of higher tube potentials (140 kVp). In
the present review, CT CAP exhibited a dose peak at 120 kVp, which suggests that factors like scan
length, anatomical coverage, and other factors, in addition to tube potential, play crucial roles in
determining radiation dose [49].

This review also chose 0-45 kg and >45 kg weight-based categories instead of the commonly used
0-40 kg and >40 kg categories. The broader range of 0-45 kg and >45 kg was intended to include a
wider spectrum of paediatric patients, from infants to adolescents, thereby offering more
comprehensive data for radiation dose optimization.

The mean radiation doses for all protocols except CT Abdomen were notably higher in the >45 kg
group, aligning with previous findings about the influence of body habitus on dose [22]. Moreover,
this review included comparisons of effective doses (E), even though data for E was limited. In-depth
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comparisons of radiation doses were conducted across all protocols, except for CT Abdomen in the
>45 kg group and CT Abdomen-Pelvis in the 0-45 kg group.

Tube Current Modulation (TCM) emerged as an effective strategy in dose reduction without
compromising image quality. This is consistent with earlier studies which found that TCM reduced
doses by as much as 40% [50-52]. Using higher pitch values, particularly in modern multidetector CT
scanners, was also associated with reduced radiation exposure [30,38].

Studies by Yoon et al., [26] and Bos et al., [27] demonstrated that applying 70-100 kVp, especially
when paired with advanced reconstruction techniques such as deep learning reconstruction (DLR) or
iterative reconstruction (IR), is beneficial for CT Chest protocols. This combination could also be
optimal for routine paediatric CT protocols, minimizing radiation while maintaining image quality. For
CT Abdomen, particularly in paediatric cases, the use of 100 kVp may balance dose reduction and
diagnostic efficacy.

Although the tube potential was consistent at 80-120 kVp across protocols, radiation doses varied
significantly. Factors such as body weight, anatomical coverage, and the use of TCM contributed to
these differences. The extensive anatomical coverage required by CT CAP, which involves the chest,
abdomen, and pelvis, explains its higher radiation doses, as highlighted in previous study [53].

The high effective dose (E) observed in CT CAP raised concerns regarding cancer risk. Effective
dose, typically expressed in millisieverts (mSv), reflects the risk of stochastic effects, including cancer.
Studies such as Bagherzadeh et al., [54] suggest that higher effective doses over large anatomical
areas elevate cancer risks. The inability to prevent dose escalation in CT CAP, despite using consistent
tube potential, points to the role of acquisition parameters such as pitch in influencing radiation
doses and image noise [38].

Weight-based analysis revealed that the >45 kg group consistently exhibited higher radiation
doses, except in protocols like CT Abdomen, where the 0-45 kg group recorded higher doses. This
complexity is likely due to the increased sensitivity of smaller patients to radiation [20].

CT Chest protocols typically yielded lower radiation doses, because of the high natural contrast
between lung tissue and air, as well as the low attenuation of x-rays traveling through the lungs' air
[55]. In studies by Yoon et al., [26] and Bos et al., [27], CTDIvol values were as low as 1.3 mGy and
0.77 mGy, respectively. The lower dose in previous studies was attributed to the use of DLR and a 70-
100 kVp range [26]. The variation in doses between the two studies likely results from differences in
patient demographics, particularly age, with older paediatric patients receiving higher doses [56].

Slice thickness also significantly impacted radiation doses. Thinner slices (1-3 mm), while
improving image resolution, increased radiation exposure [57-59]. Adjusting slice thickness based on
patient size and clinical requirements, combined with IR techniques, can help balance dose and image
quality in paediatric imaging.

DLR and IR methods have proven effective in reducing doses by over 40% compared to
conventional Filtered Back Projection (FBP) as reported by authors [26,60,61]. These findings support
the use of IR for reducing doses in paediatric CT exams without sacrificing image quality [62,63].

Additional factors contributing to radiation dose variation include operator skill, the imaging
protocol used, scanner type and age, and variations in patient anatomy. These variables, alongside
body weight and acquisition parameters such as tube voltage and pitch, are critical in determining
the overall radiation dose in paediatric populations [64].

Radiologists, radiographers, and technicians play a pivotal role in optimizing radiation doses for
paediatric patients. Continuous training, strict adherence to protocols, and professional
development are crucial to ensuring minimal radiation exposure while maintaining diagnostic quality.

ICRP [65], Vano et al.,, [66] and Siegel et al., [67] highlights essential radiation protection
principles, particularly justification and optimization. These principles emphasize that all medical
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procedures involving ionizing radiation must adhere to justification ensuring that the benefits
outweigh the risks and optimization, which focuses on keeping radiation doses as low as reasonably
achievable (ALARA). This principle is especially critical in paediatric imaging due to children's
increased sensitivity to radiation.

In line with the ALARA principle, radiologists and technicians must tailor radiation doses base on
each patient’s specific needs. Regular monitoring of radiological equipment and strict adherence to
established protocols ensures compliance with safety standards and helps minimize radiation
exposure without compromising diagnostic accuracy. Implementing periodic evaluations of
radiological equipment and adjusting scanning parameters according to individual patient
requirements plays a crucial role in achieving these objectives.

While the findings are robust, the generalizability of this review may be limited by variations in
clinical settings, demographic factors, and equipment performances. Paediatric healthcare practices
often differ across institutions, and these differences could impact the applicability of the results.
Future research should explore these variables to enhance the transferability of findings to diverse
populations.

Moreover, the exclusion criteria, while necessary for standardization, may introduce selection
bias by omitting studies lacking detailed demographic or protocol information. Addressing this
limitation in future reviews, such as by broadening inclusion criteria, would strengthen the
conclusions and provide a more comprehensive understanding of the topic.

This review has certain limitations. Primarily, the study focused exclusively on paediatric
populations, excluding adult patients, which may limit the generalizability of the findings.
Additionally, variability in scanner types, acquisition parameters, and patient demographics across
studies may further constrain the applicability of the results to broader populations. Furthermore,
not all studies provided complete data on effective dose (E) and size-specific dose estimates (SSDE),
particularly in certain weight categories, which may have affected the comprehensiveness of dose
comparisons.

A key limitation is the potential for selection bias introduced by the strict inclusion criteria, which
may have excluded relevant studies. This could limit the overall scope and robustness of the findings.
Future studies should consider broader inclusion criteria to capture a wider range of data, ensuring
more comprehensive and generalizable conclusions across diverse clinical settings.

Future research should consider larger sample sizes for CT CAP examinations to provide more
robust and generalized comparisons across paediatric CT protocols. Advancements in dose reduction
strategies, including deep learning reconstruction (DLR) and iterative reconstruction (IR), should be
further explored to ensure optimal diagnostic outcomes with minimal radiation exposure.
Radiologists, radiographers, and technicians must continue to apply the ALARA principle and optimize
scanning protocols tailored to paediatric patients to maintain diagnostic quality while minimizing
radiation risks.

5. Conclusions

Optimizing radiation doses in paediatric CT imaging is vital due to children's heightened sensitivity
to ionizing radiation and their increased risk of long-term cancer. This systematic review highlights
significant variations in radiation doses across different paediatric CT protocols, influenced by body
weight, CT parameters, and scanning techniques. Implementing weight-adapted protocols and
adjusting factors like tube voltage and pitch can significantly reduce radiation exposure while
preserving image quality. Moreover, advanced reconstruction techniques like DLR and IR offer
promise in enhancing image quality without increasing radiation exposure. Continuous
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improvements to imaging protocols and adherence to radiation safety principles will ensure that
paediatric patients receive the safest and most effective care possible.
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