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Review Paper
Diagnostic Reference Levels for Pediatric CT Examinations 
Based on Patient Size: A Meta-analysis

Background: Patient dose surveys are periodically performed to evaluate whether the 
patient’s doses are acceptable compared to the recommended and reported diagnostic 
reference levels (DRLs).

Objectives: The current study aimed to explore the literature on existing size-specific DRLs and 
determine radiation dose metrics in pediatric computed tomography (CT) examinations.

Methods: The systematic literature search was carried out using Web of Science, PubMed, Embase, and 
Scopus databases, and the Google Scholar search engine until May 2024. Based on the definition of a 
child, an age limit of up to 18 years was applied to the age of the study participants, and publications 
investigating only DRLs for pediatric CT examinations were included. The exclusion criteria were as follows: 
1) Studies that reported DRL values for imaging modalities other than CT. 2) The age of participants for 
whom DRL values were reported exceeded the age limit defined for children. 3) Studies that did not 
provide sufficient data to calculate the Mean±SD for radiation dose metrics. The Mean±SD of radiation 
dose metrics were used to determine the overall effect size. The metan package developed in STATA 
software, version 16.0, was used for data analysis. 

Results: This study retrieved a total number of 4761 patients undergoing pediatric CT examinations. 
For all radiation dose metrics in five groups of effective diameters, the P obtained from the χ2 test 
of heterogeneity was <0.001. Moreover, the I2 tests for all studies ranged from 94.3% to 100%. 
Therefore, the random-effects model of the meta-analysis was used for the studies. The pooled 
estimates for CTDIvol/DLP/SSDE in patients with effective diameters of <15 cm, 15-19 cm, 20-24 
cm, 25-29 cm, and ≥30 cm were calculated as 1.89 mGy/34.52 mGy.cm/4.24 mGy, 3.31 mGy/126.03 
mGy.cm/5.23 mGy, 4.49 mGy/170.74 mGy.cm/6.61 mGy, 3.78 mGy/-/5.29 mGy, and -/-/7.52 mGy, 
respectively. The shapes of Begg’s funnel plots were considered to be moderately asymmetrical, 
which demonstrated the publication bias in the reports. The reported estimates for radiation dose 
metrics were generally higher than those recommended by the European Commission. The pooled 
estimates for the radiation dose metrics increased with the effective diameters of the patients, and 
the study location significantly modified the radiation dose metrics (P<0.001).

Conclusions: The results indicated that the pooled estimates for radiation dose metrics of 
pediatric chest CT examinations were generally higher than the recommended limits, and the 
pediatric chest CT protocols must be reviewed and optimized worldwide. 
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Introduction

omputed tomography (CT) is one of the most 
common diagnostic methods used in clin-
ics. Studies have estimated that more than 
62 million CTs are performed annually in the 
U.S., and at least 6.45% of them are related to 

pediatric imaging [1, 2]. A dramatic increase in pediat-
ric CT examinations was reported over the past several 
decades [3].

Radiation protection holds particular importance for 
imaging examinations that involve high radiation doses, 
such as CT scans [4, 5]. Children exhibit higher radiosen-
sitivity than adults due to the increased radiosensitivity 
of their developing organs and tissues. After radiation 
exposure during the CT examinations, there is a longer 
life expectancy for children than adults, leading to high-
er lifetime risks of developing radiation-induced malig-
nancies [6, 7]. Consequently, radiation-induced diseases 
may occur with several times greater risk for children 
than for adults in an identical CT examination. For pe-
diatric CT imaging, it is essential to keep the radiation 
dose as low as reasonably practicable without compro-
mising the quality of the diagnostic images [8-11]. The 
International Commission on Radiological Protection 
(ICRP) introduced diagnostic reference levels (DRLs) cri-
teria in 1996 to meet this need [3, 12-14]. Based on this 
recommended index, it could be determined whether 
the scanning protocols of CT examinations have been 
adequately optimized [15]. Volumetric CT dose index 
(CTDIvol), dose length product (DLP), and size-specific 
dose estimates (SSDE) are the dosimetric quantities rec-
ommended for DRL establishment [11, 16]. 

The importance of establishing DRLs for pediatric im-
aging was emphasized in European guidelines on DRLs 
for pediatrics (radiation protection No. 185), and the 
first establishment of DRLs for pediatric CT was reported 
in 2000 [12, 15]. Since then, DRLs for pediatric CT ex-
aminations have been announced by different countries 
and associations. The reported values were consider-
ably different based on the study location, even for the 
same CT scanner. These differences may be the result of 
several factors, including the type of CT scanner and its 
characteristics, CT examination protocol, patient’s body 
size, etc. [1, 17, 18]. 

The major problem in comparing the established DRLs 
is the wide range of patient sizes, even within the same 
age group, which results in a considerable variation in 
radiation doses announced for institutions and coun-
tries [4, 19]. ICRP 135 and European guidelines on DRLs 

for pediatric imaging recommended the establishment 
of age‑ and size‑specific DRLs to deal with this problem 
[20]. The results of pioneering studies have shown that 
patient sizes do not correlate with age bands, and pa-
tient size has been suggested as the more preferred 
index to design scanning protocols and radiation dose 
management in medical imaging centers [3, 19]. The 
size and material compositions of the scanning area 
are the main factors to determine absorbed dose mag-
nitudes during a radiological examination. Hence, it is 
recommended in international guidelines that patient 
size must be considered the primary criterion for estab-
lishing the DRLs. During the transition period, age may 
serve as an additional index [21]. 

There are a few limited review studies on the estab-
lishment of DRLs for pediatric CT examinations, which 
mainly describe age-specific DRLs [20, 22-28]. To our 
knowledge, a dedicated systematic review and meta-
analysis study has not yet been performed for the as-
sessment of size‑specific DRLs of pediatric CT examina-
tions. The objective of the current study was to explore 
the literature on existing size‑specific DRLs and deter-
mine radiation dose metrics (CTDIvol, DLP, and SSDE) for 
five patient sizes in pediatric CT examinations. 

Methods

Protocol of the systematic review and meta-analysis

The systematic review and meta-analysis were con-
ducted according to the preferred reporting items for 
systematic reviews and meta-analyses (PRISMA) check-
list [29]. 

Information sources and search strategies

A systematic literature search was carried out using 
Web of Science, PubMed, Embase, Scopus databases, 
and the Google Scholar search engine. The following 
MeSH and non-MeSH terms were used for literature 
searching: (“diagnostic reference level”* OR “DRL”*) 
AND (CT OR “computed tomography” OR “x-ray CT 
scan” OR “x-ray CAT scan” OR “CT scan” OR “CAT scan”).

The systematic literature search was conducted with-
out the beginning date restriction until May 2024. Case 
reports, editorials, commentaries, and opinions were 
not included in the meta-analysis.

C
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Eligibility criteria

Studies were pre-included if they reported the estab-
lishment of DRLs for pediatric CT examinations based on 
patient size. A child was defined as a human being from 
birth to the age of 18 [30]. Hence, as the inclusion crite-
rion, this limit was applied to the age of the study par-
ticipants, and publications investigating only DRLs for 
pediatric CT examinations were included. The exclusion 
criteria were as follows: 1) Studies that reported DRL 
values for imaging modalities other than CT. 2) The age 
of participants for whom DRL values were reported ex-
ceeded the age limit defined for a child. 3) Studies that 
did not provide sufficient data to calculate the Mean±SD 
for radiation dose metrics. However, no limitation was 
applied to the studied part of the body, the size of par-
ticipants, the publication language, and the sex of the 
study participants.

Study selection and data collection process

The first author of the selected reports, publication 
date, study location, sizes of the study participants, 
sample size, radiation dose metrics (CTDIvol, DLP, and 
SSDE) for five patient sizes in pediatric CT, DRLs, and 
other related information were extracted from the 
studies. For studies that reported radiation dose metrics 
as median and first quartile (Q1) to third quartile (Q3) 
range, the Mean±SD values were extracted using the 
Equations 1 and 2: 

1. Mean=(Median+Q1+Q3)/3 

2. SD=(Q3-Q1)/1.35

The main data extracted are presented in Table 1.

Quality assessment of the studies

The quality and risk of bias of the studies were evalu-
ated using the Newcastle-Ottawa scale (NOS). The risk 
of bias for each study was assessed based on three as-
pects, including the selection of the exposed popula-
tions, comparability, and outcome measurements. The 
maximum score for a study is 7.

Summary measures and synthesis of results

STATA software, version 16.0, was used for data analy-
sis. In this study, the Mean±SD of radiation dose met-
rics reported for each patient size group were used to 
determine the overall effect size. Cochran’s Q test and 
the inconsistency index (I2) test were used to evaluate 
heterogeneity between studies.

The possible sources of between-study heterogeneity 
were assessed through subgroup analysis, where the 
study location was evaluated as the moderator variable. 
Publication bias among studies was evaluated through 
visual inspection of the generated funnel plots. Publica-
tion bias refers to the condition where a study has a low 
probability of being published when its results are nega-
tive, non-significant, or have small effects. 

Results

Study selection

A total of 1,521 articles were identified through the 
initial search. Seven hundred sixty-four duplicate ar-
ticles were removed, and 291 papers were screened 
based on their titles and abstracts. The full texts of 60 
studies were evaluated after removing irrelevant stud-
ies. The reports that did not have sufficient data to cal-
culate the Mean±SD for radiation dose metrics were ex-
cluded. Finally, six reports regarding the establishment 
of DRLs for pediatric CT examinations were included in 
the meta-analytical processes based on the inclusion 
criteria (Figure 1).

Characteristics and quality of the included studies 

The characteristics of the included studies regarding 
the establishment of DRLs for pediatric CT examinations 
based on patient size are detailed in Table 1. The table 
presents the first author, publication date, study loca-
tion, sizes of the study participants, DRLs, and the sam-
ple sizes of the studies reporting DRLs for pediatric pa-
tients undergoing chest, abdominopelvic, and abdomen 
CT examinations. The quality scores of the included arti-
cles are listed in the last column. All six included articles 
were rated as high quality (four articles had a score of 7, 
and two articles had a score of 6). Thus, the quality of 
the studies was not the source of heterogeneity among 
the studies. This study retrieved a total of 4761 patients 
undergoing pediatric CT examinations. Modern CT scan-
ners are equipped with tube current modulation (TCM) 
that alters the x-ray tube current as a function of patient 
attenuation at a given region of interest. TCM yields sig-
nificant reductions in patient doses while maintaining 
image noise. Therefore, the dose surveys for establish-
ing DRLs in pediatric CT examinations are recommended 
to be performed in the patient grouping based on their 
effective diameters or water equivalent diameters [3]. 
The meta-analysis was performed for studies describing 
the establishment of DRLs for pediatric CT examinations 
based on the effective diameter (cm) or water equiva-
lent diameter (cm) of the patients. For abdominopelvic 
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Table 1. Characteristics and quality scores of included studies regarding the establishment of DRLs for pediatric CT examinations based on 
patient size
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Bos et al. 2022 [4] Germany 538

<13 0.4 7.3

7

13-17 1.2 25

17-21 1.7 44

21-25 3 88

25-29 4.5 135

>29 8 241

Goske et al. 2013 [31] USA 553

<15 cm 2.4 7

6

15–19 cm 2.3 4.5

20–24 cm 3.2 5.3

25–29 cm 5.1 6.9

>30 cm 7.6 8.5

Hwang et al. 2021 [3] Korea 2494

<13 cm 1.2 23.6 2.8 1.8 46.2 4.1

7

14–16 cm 2.2 50 4.6 2.3 79 5

17–20 cm 2.3 62 4.3 3 112.6 5.7

21–24 cm 3.3 111.4 5.3 4.3 190.5 7.1

>24 cm 5 180 7.5 5 238.2 7.2

Satharasinghe et al. 
2022 [32] Sri Lanka 658

<14.5 4.5 124 10.2 5.2 142 12.6

7
14.5-18 7.6 239 16.1 11.3 436 21.9

18-22 11.2 441 18.9 10.6 436 19.6

22-25 14.1 612 23 17.6 606 26.7

Strauss et al. 2017 [33] USA 518

<15 1.8 28 3.9

7

15-19 2 52 4.5

20-24 3.2 80 5.1

25-29 4.8 148 6.6

>30 7.8 253 8.4
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Figure 1. Search strategy for the systematic review

Au
th

or
(s

), 
Ye

ar

Co
un

tr
y

N
um

be
r o

f P
ati

en
ts

Pa
tie

nt
 S

ize
 (c

m
)

Chest Abdomino Pelvic Abdomen

Q
ua

lit
y 

Sc
or

e

CT
DI

–D
RL

 (m
Gy

)

DL
P–

DR
L (

m
Gy

 cm
)

SS
DE

–D
RL

 (m
Gy

)

CT
DI

–D
RL

 (m
Gy

)

DL
P–

DR
L (

m
Gy

 cm
)

SS
DE

–D
RL

 (m
Gy

)

CT
DI

–D
RL

 (m
Gy

)

DL
P–

DR
L (

m
Gy

 cm
)

SS
DE

–D
RL

 (m
Gy

)

Westra et al. [34] USA 553

<15 2.4 7

6

15-19 2.3 4.5

20-24 3.2 5.3

25-29 5.1 6.9

>30 7.6 8.5

Abbreviations: CT: Computed tomography; DRL: Diagnostic reference level; CTDI: CT dose index; DLP: Dose length product; SSDE: Size-specific dose 
estimates.
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and abdomen CT examinations, there were not enough 
studies to perform a meta-analysis test (n<3). Hence, 
the radiation dose metrics (CTDIvol, DLP, and SSDE) 
were only analyzed for pediatric chest CT. The extracted 
data for five groups of effective diameters, including <15 
cm, 15–19 cm, 20–24 cm, 25–29 cm, and ≥30 cm, were 
entered into the analysis. Two articles written by Goske 
et al. [31] and Westra et al. [34] reported data from the 
same registry and had identical values. Therefore, only 
one of them was included in the analysis. 

Risk of bias within the studies

For all radiation dose metrics (CTDIvol, DLP, and SSDE) 
in five groups of effective diameters, the significance 
value obtained from the χ2 test of heterogeneity was 
<0.001. Moreover, the I2 values for all studies ranged 
from 94.3% to 100%. Therefore, the random-effects 
model of the meta-analysis was used for the studies. 

Synthesis of the results

The forest plots for radiation dose metrics (CTDIvol, 
DLP, and SSDE) are presented in Figures 2, 3 and 4, re-
spectively. In these representations, the mean effect 
sizes (with 95% CI) of studies and the overall effect sizes 
(with 95% CI) for five groups of effective diameters are 
presented in separate subfigures. The pooled estimates 
for all radiation dose metrics in five groups of effective 
diameters are listed in Table 2.

For the five effective diameters of patients, the pooled 
estimates for CTDIvol, DLP, and SSDE metrics are plotted 
separately in Figure 5. In this plot, changes in radiation 
dose metrics were evaluated in relation to changes in 
the effective diameter of patients. 

Risk of bias across studies

For evaluating publication bias among studies, Begg’s 
funnel plots for radiation dose metrics (CTDIvol, DLP, 
and SSDE) were visually inspected (analyses are not 
presented here). For each radiation dose metric, Begg’s 

funnel plots related to five groups of effective diameters 
were investigated in separate subfigures. The shapes of 
Begg’s funnel plots were considered to be moderately 
asymmetrical, which demonstrates the publication bias 
in the reports.

Discussion

Red bone marrow, breast tissue, and thyroid glands 
are some of the most radiosensitive organs that may be 
irradiated in chest CT examinations. Due to the increas-
ing potential of radiation-induced damage during pe-
diatric CT, protocol optimization is crucial for children’s 
imaging [4]. Establishing DRL is an effective method for 
monitoring radiation doses and reducing excessive ra-
diation levels in medical imaging [17, 33, 35]. DRL data 
are used as a quality measure for local centers and pro-
vide the performance comparison between a medical 
imaging center with other institutions [10].

In the current study, we explored the literature on 
existing size‑specific DRLs and determined radiation 
dose metrics (CTDIvol, DLP, and SSDE) for five patient 
sizes in the pediatric chest CT examinations. Although 
there are original articles describing the establishment 
of DRLs for different institutions, no meta-analysis has 
been carried out on this subject. To the best of our 
knowledge, this report is the first meta-analysis explor-
ing the literature on existing size‑specific DRLs to de-
termine radiation dose metrics for five patient sizes in 
pediatric chest CT examinations. 

There are a few limited review studies on the establish-
ment of DRLs for pediatric CT examinations [20, 22-28]. 
In the study by Kadavigere et al. [20], the reported DRLs 
and methods used to determine these DRLs for pedi-
atric CT examinations were reviewed. Their systematic 
review was performed in accordance with the PRISMA 
checklist, and a total of 501 articles were retrieved from 
Cochrane Library, Scopus, CINAHL, PubMed/Medline, 
and Web of Science databases. In the comparison of 
DRLs between studies, conflicting results were listed for 
the DRLs of head and chest CT examinations. Some of 

Table 2. Pooled estimates for radiation dose metrics in five groups of effective diameter

Radiation Dose 
Metric

Pooled Estimates (95% CI)

<15 cm 15-19 cm 20-24 cm 25-29 cm >30 cm

CTDI (mGy) 1.89 (0.87, 2.9) 3.31 (2.06, 4.55) 4.49 (2.02, 6.96) 3.78 (3.42, 4.14)

DLP (mGy cm) 34.52 (16.56, 52.47) 126.03 (70.3, 181.76) 170.74 (62.4, 279.08)

SSDE (mGy) 4.24 (2.66, 5.81) 5.23 (3.77, 6.69) 6.61 (5.24, 7.98) 5.29 (5.07, 5.51) 7.52 (7.39, 7.65)

CI: Confidence interval.	
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the DRL values were within the recommended ranges, 
and others were higher than the limits. This study mere-
ly reported the DRL values without any analysis. 

A similar study reviewed the magnitudes of DRL varia-
tion and the factors influencing these variations [23]. 
The evaluation of the results of 52 articles indicated that 
the variation of PDRLs for a specified brain examination 
in a similar age group could reach a factor of 2-fold. 

Figure 2. Forest plots for the included studies reporting CTDIvol (mGy) for pediatric chest CT

Note: a) In this plot, pooled data evaluating CTDIvol (mGy) for pediatric chest CT in patients with effective diameters of <15 cm are dem-
onstrated using the random-effects model. b) In this plot, pooled data evaluating CTDIvol (mGy) for pediatric chest CT in patients with 
effective diameters of 15-19 cm are demonstrated using the random-effects model. c) In this plot, pooled data evaluating CTDIvol (mGy) 
for pediatric chest CT in patients with effective diameters of 20-24 cm are demonstrated using the random-effects model. d) In this plot, 
pooled data evaluating CTDIvol (mGy) for pediatric chest CT in patients with effective diameters of 25-29 cm are demonstrated using the 
random-effects model. The pooled estimates for CTDIvol (mGy) in patients with effective diameters of <15 cm, 15-19 cm, 20-24 cm, and 
25-29 cm were calculated as 1.89 mGy (95% CI, 0.87%, 2.9% mGy), 3.31 mGy (95% CI, 2.06%, 4.55% mGy), 4.49 mGy (95% CI, 2.02%, 6.96% 
mGy), and 3.78 mGy (95% CI, 3.42%, 4.14% mGy), respectively.

Zakariaee SS, et al. DRLs for Pediatric CT Based on Patient Size. J Pediatr Rev. 2025; 13(3):169-182.
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Their results showed that the size of the scanning area 
is one of the main factors attributable to DRL variations. 

These studies did not present pooled estimates for DRLs. 
The reviews mainly described the different techniques 
proposed to define DRLs, the DRLs reported, the scanning 
protocols, and the methods used to classify patients. In our 
study, in addition to evaluating the DRLs of pediatric CT ex-
aminations for five patient sizes in different countries, we 
also present the pooled estimates of these DRLs worldwide. 

Our primary analysis on a total number of 4761 patients 
undergoing pediatric chest CT found that the weighted 
pooled estimates for CTDIvol (mGy) in patients with effec-
tive diameters of <15 cm, 15-19 cm, 20-24 cm, and 25-29 
cm were 1.89 mGy (95% CI, 0.87%, 2.9% mGy), 3.31 mGy 

(95% CI, 2.06%, 4.55% mGy), 4.49 mGy (95% CI, 2.02%, 
6.96% mGy), and 3.78 mGy (95% CI, 3.42%, 4.14% mGy), 
respectively. The pooled estimates for DLP (mGy cm) in pa-
tients with effective diameters of <15 cm, 15-19 cm, and 20-
24 cm were 34.52 mGy cm (95% CI, 16.56%, 52.47% mGy 
cm), 126.03 mGy cm (95% CI, 70.3%, 181.76% mGy cm), and 
170.74 mGy cm (95% CI, 62.4%, 279.08% mGy cm), respec-
tively. The pooled estimates for SSDE (mGy) in patients with 
effective diameters of <15 cm, 15-19 cm, 20-24 cm, 25-29 
cm, and ≥30 cm were 4.24 mGy (95% CI, 2.66%, 5.81% mGy), 
5.23 mGy (95% CI, 3.77%, 6.69% mGy), 6.61 mGy (95% CI, 
5.24%, 7.98% mGy), 5.29 mGy (95% CI, 5.07%, 5.51% mGy), 
and 7.52 mGy (95% CI, 7.39%, 7.65% mGy), respectively. 
These pooled estimates were generally higher than those 
recommended by the European Commission (radiation pro-

Figure 3. Forest plots for the included studies reporting DLP (mGy cm) for pediatric chest CT

Note: a) In this plot, pooled data evaluating DLP (mGy cm) for pediatric chest CT in patients with effective diameters of <15 cm are dem-
onstrated using the random-effects model, b) In this plot, pooled data evaluating DLP (mGy cm) for pediatric chest CT in patients with 
effective diameters of 15-19 cm are demonstrated using the random-effects model, c) In this plot, pooled data evaluating DLP (mGy cm) 
for pediatric chest CT in patients with effective diameters of 20-24 cm are demonstrated using the random-effects model. The pooled es-
timates for DLP (mGy cm) in patients with effective diameters of <15 cm, 15-19 cm, and 20-24 cm were calculated as 34.52 mGy cm (95% 
CI, 16.56%, 52.47% mGy cm), 126.03 mGy cm (95% CI, 70.3%, 181.76% mGy cm), and 170.74 mGy cm (95% CI, 62.4%, 279.08% mGy cm), 
respectively.
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Figure 4. Forest plots for the included studies reporting SSDE (mGy) for pediatric chest CT

Note: a) In this plot, pooled data evaluating SSDE (mGy) for pediatric chest CT in patients with effective diameters of <15 cm are demon-
strated using the random-effects model. b) In this plot, pooled data evaluating SSDE (mGy) for pediatric chest CT in patients with effective 
diameters of 15-19 cm are demonstrated using the random-effects model. c) In this plot, pooled data evaluating SSDE (mGy) for pediatric 
chest CT in patients with effective diameters of 20-24 cm are demonstrated using the random-effects model. d) In this plot, pooled data 
evaluating SSDE (mGy) for pediatric chest CT in patients with effective diameters of 25-29 cm are demonstrated using the random-effects 
model. e) In this plot, pooled data evaluating SSDE (mGy) for pediatric chest CT in patients with effective diameters of ≥30 cm are demon-
strated using the random-effects model. The pooled estimates for SSDE (mGy) in patients with effective diameters of <15 cm, 15-19 cm, 
20-24 cm, 25-29 cm, and ≥30 cm were calculated as 4.24 mGy (95% CI, 2.66%, 5.81% mGy), 5.23 mGy (95% CI, 3.77%, 6.69% mGy), 6.61 
mGy (95% CI, 5.24%, 7.98% mGy), 5.29 mGy (95% CI, 5.07%, 5.51% mGy), and 7.52 mGy (95% CI, 7.39%, 7.65% mGy), respectively.
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tection No. 185) [4, 36], which indicates that the protocol 
settings for pediatric chest CT scans are not fully optimized. 
These findings imply the need for reviewing and optimizing 
pediatric chest CT protocols.

As shown in Figure 5, the pooled estimates for the ra-
diation dose metrics were increased by increasing the ef-

fective diameters of the patients. The absorbed dose is 
the amount of energy deposited by x-ray photons in the 
bodies of patients undergoing scans. Hence, radiation 
dose metrics may increase by increasing the effective 
diameters of the patients. The effect of tissue volume 
on the absorbed dose magnitudes confirms the results 
presented in Figure 5. 

Figure 5. Changes in radiation dose metrics (CTDIvol, DLP, and SSDE) with variations in the effective diameter of patients

a) Changes in the pooled estimates of CTDIvol (mGy) in relation to the effective diameter of patients, b) Changes in the pooled estimates of 
DLP (mGy cm) in relation to the effective diameter of patients, c) Changes in the pooled estimates of SSDE (mGy) in relation to the effective 
diameter of patients
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The reported radiation dose metrics (CTDIvol, DLP, and 
SSDE) were categorized and subgrouped according to 
study locations. For all radiation dose metrics (CTDIvol, 
DLP, and SSDE), there were significant subgroup effects 
for the study location (P<0.001). It means that the study 
location significantly modifies radiation dose metrics 
reported for pediatric chest CT examinations. The wide 
variation of DRIs reported for different countries can 
be mainly due to different scanning parameters used in 
medical imaging institutions (including kVp, mA, scan-
ning time, pitch factor, slice thickness, etc.) [1]. There 
is no standardized acquisition protocol [10], and scan-
ning parameters influenced the patients’ doses. On the 
other hand, image processing technology is constantly 
being improved to reduce patient doses and enhance 
the quality of images [10]. These factors also lead to ex-
panding the range of radiation dose magnitudes even 
for a specific CT procedure. Therefore, establishing DRL 
and comparing achieved data with those of other insti-
tutions must be considered a permanent moving target 
to keep patients’ doses within the permitted limits.

Patient dose surveys are periodically performed to 
evaluate whether the patient’s doses are acceptable 
compared to the recommended and reported DRLs 
[10]. These comparisons are complicated when patient 
characteristics are not similarly documented [20]. In-
stitutions stratify their patients by different categories 
[10], which makes the comparison of DRL data difficult. 
Thus, a worldwide consensus is needed for harmoniza-
tion in the classification of patients. This study recom-
mends the establishment of a standard size set for data 
registration that considerably facilitates the comparison 
of DRLs across local and international levels.

Conclusion 

Radiation protection is of great importance for pedi-
atric CT examinations because children have a higher 
radiosensitivity and longer life expectancy than adults. 
For imaging departments, the radiation exposure to 
children and the optimization status of scanning proto-
cols can be assessed based on the recommended DRL 
indices. In this study, literature on existing size‑specific 
DRLs was reviewed to determine radiation dose metrics 
for five patient sizes in pediatric chest CT examinations. 
The results indicated that the pooled estimates for ra-
diation dose metrics of pediatric chest CT examinations 
were generally higher than the recommended limits. 
Therefore, the pediatric chest CT protocols must be re-
viewed and optimized worldwide.

Limitations 

This study attempted to highlight the necessity for op-
timizing scanning protocols and improving DRLs of pe-
diatric CT examinations in order to adhere to specified 
radiation protection limits. Although a comprehensive 
systematic review was performed following PRISMA 
guidelines, we could not evaluate DRLs for abdomino-
pelvic and abdomen CT examinations due to the lack of 
sufficient studies to perform a meta-analysis (n<3). In 
addition to the need to assess the DRLs for abdomino-
pelvic and abdomen CT examinations, due to worldwide 
concerns about the radiation dose to children during CT 
imaging and the notable rise in studies on this topic, up-
dating this meta-analysis is essential in the near future.
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