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Management of appropriate radiation dose in pediatric patients from CT scans using DRLs

Abstract

Children's cells are more sensitive to the effects of radiation than those of adults. Therefore, selecting age- and weight-
specific protocols is more appropriate than applying adult protocols to pediatric patients. Diagnostic Reference Levels
(DRLs) are an effective tool for adjusting radiation doses in pediatric computed tomography (CT) scans to ensure that
the doses are within acceptable levels and that the image quality is sufficient for diagnostic purposes, in accordance
with the principle of radiation protection to prevent unnecessary harm to the patient. DRLs are not dose limits, but they
can be adjusted up or down to match the required image quality. Another important benefit of DRLs is their use as a
benchmark for comparing against national radiation reference levels or other international standards, and applying them
in the process of radiation dose optimization. The purpose of this article is to provide guidelines for adjusting appropriate

radiation doses, especially for pediatric patients.

Keywords: Pediatric computed tomography, Age and weight specific protocols, diagnostic reference levels, optimization.
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Management of appropriate radiation dose in pediatric patients from CT scans using DRLs
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18.5-22.5 30.2(17.050.0)  28.2(14.074.0)/  20.5 (14.0-29.0)/ 20.3 (10.0-42.0)/ 23.1(10.9-37.0)/ 18.9 (9.6-39.0)/
5< 10 505315 30-50 14.8 (13.5-16.6) 14.9 (12.3-19.8) 17.2 (14.3-25.3) 17.7 (12.7-22.1) 18.3 (13.6-23.1) 15.2 (9.2-21.0)
(n=62) (n=63) (n=127) (n=39) (n=135) (n=63)
31.5-40.5
452 (23.0-75.0)/  52.6 (23.0-80.0))  35.4 (21.8-57.0)/ 33.1 (19.0-61.0)/ 37.8 (18.0-56.0)/ 36.0 (17.9-55.5)/
10-15 40.5-55.0 50-70 15.4 (13.2-17.4) 16.5 (14.3-19.1) 21.4 (17.5-25.4) 20.1 (15.6-25.3) 20.7 (16.5-27.5) 20.1 (12.2-28.2)
(n=52) (n=62) (n=36) (n=270) (n=29)

(n=73)
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A5 2 Adleaguuazidendnlnan 75 Wadifusing (lusadu) vasSuiussdluman CTDI, uaz DLP dmdulusinaaanisnsas brain CT lunguithefinifsaumauiiuaiinggs (y=years)

DRLs of CTDl,, (mGy) in category, DRLs of DLP (mGy.cm) in category,
References median (75 Percentile) median (75 Percentile)

0-<1 1-<5 5-<10 10- 15 0-<1 1-<5 5-<10 10- 15
This study 15.2 (16.6) 18.6 (21.1) 24.7 (27.6) 27.7 (37.2) 238.7 (281.9) 336.8 (384.1) 451.5 (525.4) 525.6 (706.9)
Thailand (2023)!'%! na 31.8 42.4 44.4 na 637.0 834.0 933.0
ACR (2022)!¢! 23.0 27.0, 31.0, 55.0 (1-<2), (2-<6), (6-18) y 344.0 440.0,518.0, 910.0 (1-<2), (2-<6), (6-18) y
Japan (2020)"% 2" 30.0 40.0 55.0 na 480.0 660.0 850.0 na
Australia (2017)!°) 30.0 (0-5) 35.0 (5-15y) 470.0 (0-5y) 600.0 (5-15y)
Australia (Bibbo et al, 2016) 18.0 23.0 35.0 37.0 250.0 361.0 546.0 580.0
Italy (Granata et al, 2015)"?! na 30.6 56.4 58.2 na 504.0 852.0 985.0
France (Roach et al, 2013)!'?! 30.0 40.0 50.0 n/a 420.0 600.0 900.0 n/a
Portugal (Santos et al 2013)!'?! 48.0 50.0 70.0 72.0 630.0 770.0 1100.0 1120.0

*na — not applicable

A19199 3 Andeagrunazidentnlnan 75 Wasirudlng (luradu) aeslsuiudsdlumay CTDI,, uaz DLP dwsuluslanaanisnsaa neck CT lunguiienfini/sauiiauiuaiansas

(m=months, y=years)

DRLs of CTDl,, (mGy) in category, median (75 Percentile) DRLs of DLP (mGy.cm) in category, median (75 Percentile)
Reference 0-<1 1-<5 5-<10 10- 15 0-<1 1-<5 5-<10 10- 15
This study 2.8 (3.1) 2.9 (3.4) 5.3 (6.9) 7.2 (8.8) 52.4 (59.0) 60.9 (76.2) 136.3 (177.1) 213.7 (259.0)
ACR (Kanal et al, 2022)1"¢ 3.8 4.4 6.3 11.0 58.0 88.0 137.0 270.0
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A19197 4 Andeaguuazidanlalnan 75 Wasiusing (luraudu) vaslsuiuddlumnan CTDI, waz DLP dmFulslapaanisnsaa chest CT lunquiithemnusaumiauiuaidiegs

(m=months, y=years)

DRLs of CTDl,, (mGy) in category, median (75 Percentile)

DRLs of DLP (mGy.cm) in category, median (75 Percentile)

References
0-<1 1-<5 5-<10 10- 15 0-<1 1-<5 5-<10 10- 15
Displayed 0.9(1.2) 1.3(1.6) 1.5 (2.0) 2.1(2.7) 14.6 (16.4) 23.8 (36.9) 37.7 (52.6) 57.0 (73.2)
This study
SSDE 1.9 (3.1) 2.6 (3.3) 3.0 (3.7) 4.0 (4.8) n/a
ACR (Kanal et al, 2022)!'° 1.6 2.4 29 7.2 31.0 58.0 95.0 272.0
1.2, 1.5 2.3 3.7,5.8 21.5, 34.6 59.0 117.4, 184.4
Korea Displayed
(0- <1 m), (1- <4y) (4- <10y) (10 <14, 14 <18y) (0- <1 m), (1- <4y) (4-<10y) (10- <14, 14- <18y)
(Hwang et al,
3.0, 3.3 4.4 6.0, 7.6
2021)%2 SSDE n/a
(0- <1m), (1- <4 y) (4- <10y) (10- <14, 14- <18y)
Japan (2020) 6.0 8.0 13.0 n/a 140.0 190.0 350.0 n/a
Admontree Displayed 1.7 1.9 3.3 4.4 n/a
t al (2018)1°)
etal (2018) SSDE 38 57 6.2 6.1 n/a
Australia (2017) 2.0 (0-5y) 5.0 (5-15y) 60.0 (0-5) 110.0 (5-15y)
Australia (Bibbo et al, 2016) 2.0 (0-5y) 4.0 (5-15y) 43.0 (0-5y) 133.0 (5-15y)
ltaly (Granata et al, 2015) n/a 2.5 3.8 6.6 n/a 49.0 108.0 195.0
France (Roach et al, 2013) 3.0 4.0 5.0 n/a 30.0 65.0 140.0 n/a
*na — not applicable
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A9 5 Andisegunarindaniangn 75 Wadiduang (lwaadu) vasfunudsdlumay CTDI,, uaz DLP dwiuldslnaaanisnsaa abdomen/pelvis CT Tunguithednisauiiauiuaansas

(m=months, y=years)

DRLs of CTDl,, (mGy) in category, median (75 Percentile) DRLs of DLP (mGy.cm) in category, median (75 Percentile)
References
0-<1 1-<5 5-<10 10- 15 0-<1 1-<5 5-<10 10- 15
Displayed 1.1 (1.5) 1.3 (1.6) 2.1(2.5) 2.9 (3.5) 24.8 (37.5) 41.7 (49.2) 79.6 (90.0) 120.7 (159.3)
This study
SSDE 2.2 (2.6) 2.6 (3.2) 3.9 (4.5) 4.7 (5.6) n/a
ACR (Kanal et al, 2022)!"°] 2.4 2.9 4.6 7.9 60.0 100.0 170.0 358.0
1.4,2.2 2.7 4.0, 4.7 30.0, 73.8 101.2 168.8, 233.0
Korea Displayed
(0- <1 m), (1- <4y) (4- <10y) (10 <14, 14 <18y) (0- <1 m), (1- <4y) (4-<10vy) (10- <14, 14- <18y)
(Hwang et al,
37,48 5.5 6.6, 7.3
2021)%2 SSDE n/a
(0- <1Tm), (1- <4 y) (4- <10y) (10- <14, 14- <18y)
Admontree Displayed 1.8 2.7 3.2 4.0 n/a
et al (2018)* SSDE 4.1 5.4 5.7 5.7 n/a
Australia (2017) 7.0 (0-5 years) 10.0 (5-15 years) 170.0 (0-5 years) 390.0 (5-15 years)
Australia (Bibbo et al, 2016) 3.0 (0-byears) 6.0 (5-15 years) 84.0 (0-5 years) 260.0 (5-15 years)
Japan (2015) 55 8.0 8.5 n/a 110.0 200.0 265.0 n/a
ltaly (Granata et al, 2015) n/a 5.7 7.0 14.0 n/a 151.0 227.0 602.0
France (Roach et al, 2013) 4.0 5.0 7.0 n/a 80.0 120.0 245.0 n/a

*na — not applicable

= a A o A o
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A1597 6 Adsegunarndananan 75 wasifuang (luredu) vasfFunuidluman CTDI,, uaz DLP dwiuldsinaaanisnsaa chest/abdomen/pelvis CT lunguetlefinifFauiiauiu

ANANSRN (y=years)

DRLs of CTDl,q (mGy) in category, median (75 Percentile) DRLs of DLP (mGy.cm) in category, median (75 Percentile)
References
0-<1 1-<5 5-<10 10- 15 0-<1 1-<5 5-<10 10- 15
Displayed 1.0 (1.2) 1.4 (1.7) 2.1(2.4) 2.9(3.9) 31.5(39.1) 55.8 (86.6) 95.6 (119.7) 167.1 (259.4)
This study
SSDE 25(2.7) 2.9 (3.4) 3.9 (4.5) 5.0 (6.2) n/a
Displayed 1.7 1.8 2.6 8l n/a
Admontree et al (2018)
SSDE 3.8 3.8 5.0 5.6 n/a
Australia (Bibbo et al, 2016) 2.0(0-5y) 6.0 (5-15y) 90.0 (0-5) 305.0 (5-15y)

A5 7 Andisegunarindaniandn 75 Wadduang (luaedu) vasfSunuiadlumay CTDI,, uaz DLP dwduldsinaaanisnsaa CTA chest/heart congenital lunguitheiiniag lifidaya
apaBauliau (y=years)

DRLs of CTDl,q (mGy) in category, median (75 Percentile) DRLs of DLP (mGy.cm) in category, median (75 Percentile)
Reference
0-<1 1-<5 5-<10 10- 15 0-<1 1-<5 5-<10 10- 15
Displayed 0.6 (0.7) 1.0 (1.4) 1.3(1.7) 2.3(3.5) 6.1(8.3) 14.1(18.8) 19.9 (26.2) 51.8 (98.3)
This study
SSDE 1.5 (1.8) 2.1(3.0) 2.7 (3.5) 4.0 (6.0) n/a
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wuannan1slgtinlunisusuaniFuussdldimansauy
Sunausesialui

5.1 aufanudnlafigniadiuluslnananisasaa
mmﬁu’qﬂ:ymLLa:aqﬂﬁﬁﬁ?{awa:Lﬁmﬁu

5.2 ¥ngjtheliagfanans CT bore vidagagudnansd
Fod (Iso-center) WauaNIW CT localizer radiographs 7N
Fumbsasiihaiagvinsannuaaaianissneiule e
Anualsununszualdnaan (Tube current) MAwun &y
AUIUIAZUTIILAZANUNLIUEITIINIERTRELAN A1nnTe
Timpdan1sddunszuanaandmnludm (Automatic tube
current modulation, ATCM) Sniadial ¥ Ananantaada
BnniFaaignaacusugnangagl’

5.3 n1sUnA1UTNIuFIE1 B I lun1 sl §iiE aog
Atlsteniaidadalsalludidey warnidudininun
ARz ldFuunviatianiadle ug3eiu
wisileasnisaunulimunzay

5.4 pudamnudnlalunisuFunsfimainisaunui
daNasaRUAINUBIN RAZUTINUFIE Wz auiugile
wnusazse Insfnigauninivesnasanisulanaadsaa
wngle) el

5.4.1 puAeAnd I ilngegaiianalivann
lanLeél (X-ray tube potential, kV,) Aa A1UAIAINNA
fndiszninedanainauazualunvavaaniannad i
fuindaulididnasauiunaasantisd \usaimu
WHIIIUABIANTIEL1aNT (Beam energy) UTu1ou 548
Wasuulasmuiidaasuainisildaundas kV,, (ila
wisfitnasnisaunuiug fouadaaed)z wu ey
anA1 120 kV,, 11 100 kV, virldlsuuFsdanastszunn
23 wWasifud® pasidanldfan kv, snlunisasiagilaendin
iaanBuNaEad Az iuAANULAN s e EalEe (Soft
tissue contrast) TeilANANNLANANTuios TnaUnfiuds
findanldAnanuseinddous 70-100 Alalaad Guusly
ﬂ%ﬁ:uﬂj’sdaﬁﬂq%\ﬂw}' 10 Ul M?@Lﬁaﬁﬂmﬁfimﬂﬂmmdﬁ
ﬁwuwm3gwu1unduawqﬁuq A1 KV, ANz dniy
Tdslamaa CT angiography dasaniinliifia K-edge
energy NuansUsznaulalasuluansfuiednisidanld
watdan1sUFuaInszuananndnludfniusuingilae
(Automatic tube current modulation, ATCM) Wmunziuy
wurnaagtaefn luilagiiunislyd ACTM AannsUiu
ANTTUANABARINNINANEN (Localization based ATCM)
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v v
s =< % 1

raUSumuadeny (Organ-based ATCM) mﬁsuunm;wum
\Aspslantsdnauimas

5.4.2 madanld@dnsndiuaszezifiaadausa
AU RIRaadAasTIlAvEaA pitch Rz aufiu
n1sm32a laaAn pitch Aitaandn 1 2zl lun1smsaad
HaanissaaziBaaningstuinannistautivuasdaya
uN1RTIIR N ALawEad LAY Ui fdniiae
1§5uazge luansd pitch uannda 1 14 luntsasaad
Faennganuida unisnsiatdnataslan Yunnuiedn
1aFuazanag=

5.4.3 A1MUAIIUIUYATEYAN19ATIT (Scan
phase) Wnzaufudatalunisdinss 91 ohase
wnaenaigelaFulEunusdgs

5.4.4 97fipgsazUaulIANIgaLNU (Scan length)
nsaupquianizadznzuarsasalsn NMenvuAvaLWALaY
meaunululislpraaunazniangiaazaianiaUsuudg
figtlaelsulagladity

5.4.5 N198519N WU Iterative reconstruction

'3

wazwmalulatinisadraninwsaalusunsutlyndsrhng
(Artificial intelligence, Al) Milataandtygyusuniuly
amannsliBunniFedsn lutlgiudendudsldins
Warurmaluladnisadranindaeg Aluaniu 3amas
yinsnu et duse Taad
5.4.6 nunauuazBaufimaluladindasianyisd
paufusaiildagnwsiaidaaianslinuignias
5.5 numuazUFuA SN @B eatneadiaue
i nunawdused nedldntswdswadowantisd

AauNaas v vieawasusdasnalulaglug Wusu

agunan1sAn

ANUFUNUSIEAN9RIINNNTENEN INTIEITAaE (DRLS)
HdgrlgaulunisldifdunuinienisuFudduaou Fed 1%
mmzauﬁ’uammwmaqmwﬁ'Lﬂmwaﬁiamﬁﬁaﬁmaq
unnd uATedruluniagnanifeliunufidancasuag
nignufiguiuaAl DRLs vaslssinavaaanna dnaziiu
mawiudayalufithedve)fiundn Teniedevinflunguéile
Sndlailifan unarunisi] %guﬁu%’a:ﬂa%umauium?
Favinaznisiiaszidiuuxedlugiamdn waidu
wamsliitfuyanafiaulafiaziavinan Typical dose Uas
wiheu wazth Wfuedasdiaddgylunsdfunsfimes
nmsaunulunsazllslamaanisnsialaatiamunzauniu
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