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Abstract The aim of this study was to develop and distribute a dedicated program that can easily calculate the effective dose
of a patient undergoing nuclear medicine examinations, and assist in the study of dose of nuclear medicine
examinations and information disclosure. The program produced a database of the effective dose per unit activity
administered (mSv/MBq) of the radiopharmaceuticals listed in ICRP 80, 106 Report and the fourth addendum, was
designed through Microsoft Visual Basic (In Excel) to take the effect of 5 different (Area, Clark, Solomon(=Fried),
Webster, Young) of pediatric dose calculation methods and 7 different body surface area calculation methods. The
program calculates the effective dose (mSv) when the age, radionuclide, substance, and amount injected in the human
body is inputted. In pediatric cases, when the age is entered, the pediatric method is activated and the pediatric method
to be applied can be selected. When the BSA (Body Surface Area) formula is selected in the pediatric calculation
method, a selection window for selecting the body surface area calculation method is activated. When the adult dose
is input, the infant dose and the effective dose (mSv) are calculated automatically. The patient effective dose
calculation program of the nuclear medicine examinations produced in this study is meaningful as a tool for
calculating the internal exposure dose of the human body that is most likely to be obtained in nuclear medicine
examinations, even though it is not the actual measurement dose. In the future, to increase the utilization of the
program, it will be produced as an application that can be used in mobile devices, so that the public can access it easily.
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C.9.4. Absorbed doses for ""F-FDG

. =
. 424, B5MT: Y OX SAXWH X Kws
Organ Absorbed dose per unit activity administered (mGy/MBq) 3
“H 12.35 years
| Adut 15 years 10 years S years 1 year | 7

Adrenals 1.2E-02 16E-02 24E-02 3.9E-02 7.1E-02
Bladder L3E-01 16E-01 25E-01 3.4E-01 47E-01 Organ Absorbed dose per unit activity administered (mGy/MBq)
Bone surfaces LIE-02 1 4E-02 22E02 34E-02 6.4E-02
Brain 38E-02 39E-02 41E-02 4.6E-02 6.3E-02 Adrenals S.1E-01
Breasts 88E-03 LIE-02 1.8E-02 2.9E-02 5.6E-02 Bone surfaces 6.1E-01
Gallbladder L3E-02 16E-02 24E-02 3.7E-02 7.0E-02 Breast 6.9E-02
Gastrointestinal tract Gl-tract

Stomach LIE02 14E-02 22E02 3.5E-02 6.7E-02 Stomach 13E-01

Small intestine 1.2E-02 1.6E-02 2.5E-02 4.0E-02 7.3E-02 s1 LIE-01

Colon 13E-02 16E-02 25E-02 3.9E-02 7.0E-02 Colon 13H—01

(Upper large intestine 12E-02 1.5E-02 24E02 3.8E-02 7.0E-02) o L3E-on

(Lower large intestine L4E-02 LTE-02 27E-02 41E02 7.0E-02) o 13Eo01)
Heart 6.7E-02 8.TE-02 1.3E-01 2.1E-01 3.8E-01
Kidneys L7E-02 21E-02 29E-02 4.5E-02 7.8E-02 Heart 24E-01
Liver 21E-02 28E-02 42E-02 6.3E-02 1.2E-01 Kidneys | 3E—01
Lungs 2.0E-02 29E-02 41E-02 6.2E-02 1.2E-01 Liver ° 14E-01

‘ 2 2 20E-02 2 2E-02
Muscles LOE-02 13E-02 20E-02 33E-02 6.2E-02 Lunes SIE-0
Oesophagus 12E-02 1SE-02 22E-02 3.5E-02 6.6E-02 Muscles 44E-04
Ovaries L4E-02 18E-02 27E02 43E02 7.6E-02
Pancreas L3E-02 16E-02 26E-02 4.0E-02 7.6E-02 Ovaries 49E-02
Red marrow LIE-02 14E-02 21E-02 32E-02 5.9E-02 Pancreas 18E-01
Skin 78E-03 9.6E-03 1.5E-02 2 6E-02 $.0E-02 Red marrow 1 2B +00
Spleen LIE-02 1 4E-02 21E02 3.5E-02 6.6E-02 Spleen 46E-02
Testes LIE-02 14E-02 24E-02 3.7E-02 6.6E-02 Testes LIE-01
Thymus 12E-02 1SE-02 22E-02 3.5E-02 6.6E-02 Thyroid 20E-01
Thyroid LOE-02 13E-02 21E02 34E-02 6.5E-02
Uterus L8E-02 22602 36E-02 5.4E-02 9.0E-02 Remaining organs 20E-03
Remaining organs 12E-02 1.5E-02 24E-02 3.8E-02 6.4E-02
- |Effective dose (mSv/MBg) 22601 |
| Effective dose (mSv/MBa) 1.9E-02 24E-02 37E-02 5.6E-02 9.5E-02 |

Fig. 1. Effective Dose Per Unit Activity Administered of '*F-FDG(Left) and *H-Neutral Fat Free Fatty Acids(Right).
Source : ICRP 106, 80.
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NS F7tE FEIIAUH9). B AFolME ICRP 80 1L 44 F=(A Fourth Addendum)oll A A&7 F71¢ 47}

==

Report®] WAMIsiEH 717]) o} gX815H2 3} AP A(F-FET; “F-FLT; "F-Choline; ''C-Raclopride) ™A}
Holl me} 5 52719 WAlsd FadF F ol% 23 o] ok 7} Al A 27FR)(*®F-Fluoride, *™Te-Tetrofosmin
Reportel] A7Ie10] 2231 6714(1. ICRP 106 : “O-water, ~ at Resting) “WAMd ¢ okE] Walsd frad@s 37}
BE_FDG, *'Tion, * Te-Tetrofosmin Exercise, 'In-Octrectide 2 28314 TH25].

2. 47 3% . ® Tc-Tetrofosmin at Resting) S £ 3} ICRP Reportol] =1 Wapd o okgo] Wabsd
3L F 46709 WA FrEATES A8t FAFE RA(Adul) T Aok AETIKIS years, 10

ICRP 106 Reporti= ICRP 53 Report2] Al HA| 3= years, 5 years, 1 years) 2.2 3810 =5 o] Q1o
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% B3 golg 5 A2g AAE wde 283 Fatty Acids, '“C-Urea-Nomal Patient-IV or Oral,
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w
H H
wi} 5 397 WA FEAE F ol WHE 4 6hr Removalﬂr Colloids Small Intratumoral Inject 18hr

Table 1. Program Outline Application of Radiopharmaceuticals Contained in ICRP.

Classification _ ICRP 80 ICRP 106 A Fourth Addendum Total
Adult Adult & Children Adult & Children Adult & Children
Total 214 52 39 6 311
Recalculation 29 5 2 36
Addition - 23" 34 4 61
Except” 30 6 1 - 37
Apply 184 46 38 6 274

* Recalculation Radiopharmaceuticals.
** Effective dose per unit activity of adult in the ICRP 53 Report.
*** 4 : adult dose, 2: adult dose and less than 15 age.
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Fig. 2. Nuclear Medicine Examinations Statistical Survey Input of The Korean Society of Nuclear Medicine.
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Dosage Card (version1.2.2019)
Multiple of Baseline Activity

Source : The Korean Society of Nuclear Medicine.
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EANM Dose Card 2007/2014, Webster,
Gilday's Chart, Japanese Guideline, North American
Consensus Guidelines 2010 % 87}4] o] th(Fig 2). & tf
& e rs ARle FHwel AEWA(Body
Surface Area ©|3}, BSA)S 2F438le] &8 Area ¥,

g oz AHAgslo] A&l Solomon(Fried)W, Young

Recommended Amounts in MBq

Radiopharmaceutical Class Baseline Activity Minimum
(ZZ) Class  Class  Class (ZENE) Class | Class  Class (for calculation Recommended
kg A B c A B C purposes only) Activity'
1 1 1 377 729 1400 MBq MBq
B 114 133 388 7.72 15.00
n 147 171 200 400 800 1600 "I (Thyroid) € 06 3
171 214 3.00 4.18 843 17.00 17’%‘ Amphetamine (Brain) B 13.0 18
B >+ 2 367 420 886 1800
218 314 467 am 014 1200 12| HIPPURAN (Abnormal renal function) B 5.3 10
SEiN L S U S 13| HIPPURAN (Normal renal function) A 12.8 10
B - 400 633 465 1000 2100
B 443 733 477 1020 2200 12 mIBG B 28.0 37
288 486 833 488 | 1071 | 2300 131 MIBG B 56 35
2 306 529 033 500 1129 2467
318 571 1000 524 1200 2667 '°F FDG-PET torso B 25.9 26
335 614 1100 547 1271 2867 \F FDG-PET brain B 140 14
347 643 1200 565 1343 3100
365 686 1300 577 1400 3233 '8F Sodium fluoride B 10.5 14

AIMBG ] pgministerea = BaselineActivity x Multiple

**Examples:

a) '®F FDP-PET Brain, activity to be administered [MBq] = 14.0 x10.71 [MBq]
50 kg: = 150 MBq

Fig. 3. Dosage Card of European Association of Nuclear Medicine.

Source
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Table 2. Pediatric Dose Formula of Administered.

Classification Pediatric Dose Formula
BSA(m?) )
Ar Doalm ) m O
ea 173 x Adult(m Ci)
Weight (Kg) .
Clark T 0Ks % Adult(m Ci)
Solomon(Fried) W x Adult(m Ci)

Age(year)+1
Age (year)+7
Age(year)
Age(year)+12

Webster % Adult(m Ci)

Young x Adult(m Ci)

Table 3. Formula of Body Surface Area.

Classification BSA Formula
DuBois and DuBois BSA = 0.007184 x H"7%5 x 7po425
Boyd BSA=0.017827 x H" x /1838

Gehan and George BSA = 0.0235 x H-42246 5 pA-51456

Fujimoto BSA = 0.008883 x H-663 5 444
Mosteller BSA = v/Hx W/3600
Takahira BSA = 0.007241 x H 725 % 130425

BSA = 0.02465 > H3510 x 02378
- H : Height, W : Weight

Haycock et al

2.3 MY AL 2233 HE Y AL=ZH

2.3.1 Visual Basic(In Excel) Z212 H|xt

slo)st A} FEAH At T2 Microsoft)
Visual Basic(In Excel)S o]&3le] A|zbatoich wA
ICRPOIA 8 WA A5 A 3189 ARt
H UANEE FEAHE Excel® Sheetdl 8 3lo]

= [e}
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Database 2 YHE11 A (Age), AoFYUF
(Pediatric Dose Formula), ‘A3 & (Radionuclide),
¥ A 3}HE(Substance), A EHH(BSA) 2HE 345 9l
2ete] AolFdEs JEshd AsoR Aol
FEAFo] AxtEEZ Visual Basic 91915 749 519
t}. ol WAbsd
(Radionuclide) @} ¥4 8}3H=(Substance)
AR A MEkghs 7HA

UK(Fig 4.).
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Fig. 4. Excel sheet database, Visual Basic coding and
program making process.
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7

Pediatric Dose Formula
| [ Body Surface Area(BSA)

Substance

‘ Labelled small colloids

=301 47| WAMSIUBE HRINY 348
Administered Child
Adunt [ 20 mCi D ok and DuBois
Child [12.01533 |mCi | | Height(cm) Weight(kg)

130 |em [30 ke
1.039326m*

Dose
0.0097 mSv/Mbg
444 561 Mba

4.31230 mSv output

AA1D| - Output Fomula didReae Sheetl ¢3

=

Age Nuclide Substance
10
Administered
(mcCi)

12.01533

Tc-99m Labelled small colloids

Pediatric Dose
Formula

Body Surface Area(BSA)

mSv

4.312302

Fig. 5. Directions of Patient Effective Dose Calculation
Program.
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