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Evaluation Internal Radiation Dose of Pediatric Patients during Medicine Tests Using
Monte Carlo Simulation

Dong-yeon Lee-Yeong-rok Kang

Dongnam [nstitute of Radiological & Medical Sciences

Abstract In this study, a physical evaluation of internal radiation exposure in children was conducted using nuclear medi-
cine test(Renal DTPA Dynamic Study) to simulate the distribution and effects of the radiation throughout the tracer ki-
netics over time, Monte Carlo simulations were performed to determine the internal medical radiation exposure during the
tests and to provide basic data for medical radiation exposure management, Specifically, dose variability based on changes
in the tracer kinetic was simulated over time. The internal exposure to the target organ (kidney) and other surrounding

organs was then quantitatively evaluated and presented. When kidney function was normal, the dose to the target or-

gan(kidney) was approximately 0.433 mGy/mCi, and the dose to the surrounding organs was approximately 0,138-0.266
mGy/mCi. When kidney function was abnormal, the dose to the surrounding organs was 0.22870.419 mGy/mCi. This
study achieved detailed radiation dose measurements in highly sensitive pediatric patients and enabled the prediction of
radiation doses according to kidney function values, The proposed method can provide useful insights for medical radia-
tion exposure management, which is particularly important and necessary for pediatric patients,
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Table 1. Detailed properties of *™Tc

) Radiation ) Ener: Emission
Nuciide oo Half-life (Me\g/)y o
0.0183 2.1
Ve Gamma ray 6.01 hours 0.0184 3.99
0.1405 89.06

Table 2, National Kidney Foundation’s Kidney Disease
Outcomes Quality Initiative (NKF-K/DOQ)) stages of chronic
kidney disease [17]

Stage Description (mL/mi(r?;F; 3 )
1 Kidney damage with normal or e
increased GFR
5 r:dg?l/q damage with mild decrease 60-89
3 Moderate decrease in GFR 30-59
4 Severe decrease in GFR 15-29

Kidney failure < 15 or diaysis
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Fig. 1. Pediatric human body modelled in 3D virtual
space. (a represents the back view, and b represents
the front view)

Table 3, Composition and percentage(%) of pediatric organs
and density(g/cc) and volume(cc) fo each organ [21]

Organ
Liver  Stomach Smgll Colon  Kidney
Intestine
H 10.3 10.6 10.6 10.6 10.3
C 18.6 11.5 11,5 11,5 13.2
N 2.8 2.2 2.2 2.2 3.0
O 67.1 75.1 75.1 75.1 72.4
Na 0.2 0.1 0.1 0.1 0.2
P 0.2 0.1 0.1 0.1 0.2
S 0.3 0.1 0.1 0.1 0.2
cl 0.2 0.2 0.2 0.2 0.2
K 0.3 0.1 0.1 0.1 0.2
Density (g/cc)  1.05 1,03 1.03 1.03 1.05
Volume (cc) 562 119.4 265 149.7 111,12
(5AD el G o= WMES ARSI Fig, 12 & AFRollAl
ARE3E o) moju]E || o] ol Table 32 8 A7)

o Wk 4 g A 2

®uE tepd Aoltt,

4, AF g
olglof E4E F9UAE o8| W= YAl ; w75}

7] aliAl= QAo Ae]shs
+ B0l wE WAks Bt 27K E %AIOH 1343}04°lc
ghe}, shA|RE dwbd o g Alggold 215 AlZE #st
01] e} GEpRl= A A9 HANeS HARE 4= gl ©
H’ﬂon 9ol 2 Atelld= AR, AelF] Atz 1gh
A o5& ARt tﬁﬁ}oﬂ 12 HAo® Z47) Alskal Agk
Al SPMEP 2V 71%50] ARl 9ol F9ldart Al
oAl HFo g wjdEE F AT 2008 AR5t
~2087HA] & 217l9) A EFE BAFSIAL, HIAAEe] -
o= 50% 71%5°] Astd Ao= AHste] 0~40271HA]
41709] AE=E AZRSETt Azte] whah Adelo] olFgh &
%S Fig, 28 Fdstg}
=4, AEH At dojul= SAlof A vE7 el
uz} Hakso] #Mslgict o5 A-gslr] flaf Alxte] whet
HARE FEoA A& ZF 7o gk Ak off 4 (1)
of A-gsto] HFHog 7|7} vz RS AlAkekGiTt
olw, A= 18 7HA o & AATH 747} s1E oA ALk A=
Zk Bo= 22 AR 1 mCi(F]2 HAks 712 2 24
we} AR HARso] ThE Y] wjRo)] ARRSH HRARSS]

UE W% PAS] §olES 1 mOig J1E0E A

=

< of o x ﬂll

b 7)e3E 20219 A)449 A|2E 111



Normal

Abnormal

- 24 min - 32min = 40 min

Fig. 2, Simulation results for excretion of radiopharmaceuticals (99mTc) fromthe kidney to the bladder using theMCNF
code, The excretion process over time was simulated in 1-min intervals
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Table 4, Simulated absorbed doses to the kidney compared with values presented by the ICRP (unit: mGy/mCi)

) Simulation
Function |ICRP - -
Lt, kidney Rt, kidney
Normal 0.407 0.433 0.428
Abnormal (Lt) 0.739 0.918 0.534
Abnormal (Rt) 0.739 0.894 0.557
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Fig. 3. The absorbed dose to the organs(Liver, Stomach, Small Intestine, Colon) according to the kidney function test
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