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Absorbed Dose Measurement by the MIRD System in the “'I Treated
Thyroid Cancer Patients

Sang-Moo Lim, M.D,, Kwang Sun Woo, M.T., Wee Sup Chung, M.T.
and Sung Woon Hong, M.D.

Department of Nuclear Medicine, Korea Cancer Center Hospital, Seoul, Korea

Jang Hee Kim, B.S. and Ki Sup Kim, M.T.
Laboratory of Radiation Safty eand Control

Medical Internal Radiation Dose(MIRD) schema was developed for calculating the absorbed
dose from the administered radiopharmaceuticals. With the biological distribution data and the
physical properties of the radionuclide we can estimate the absorbed dose by the MIRD sche-
ma. For the thyroid cancer patients received *'I therapy, the absorbed dose to the bone mar-
row is the limiting factor to the administered dose, and the duration of admission is deter-
mined by the retained activity in the whole body. To monitor the whole body radioactivity, we
used Eberline Smart 200 system using ionization chamber as a detector. With the time activity
curve of the whole body, total body residence time was obtained. From the ICRP publication
53, the residence times of the source organs, such as kidney, urinary bladder content and
stomach, were used to calculate the absorbed doses of the target organs, such as stomach, red
marrow, bladder wall and remaineder total body. In 8 thyroid cancer patients with 175 mei of
1] administered orally, the mean absorbed dose in the bladder wall was 375.1, in the stomach
285.1, red marrow 25.4 and total body 22.4 rad respectively. For the monitoring of the large
administered activity, this method seemed to be quite useful.
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Fig. 1. Schemetic diagram of monitoring whole body
radioactive and calculation of absorbed dose.
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Fig. 2. Time activity curve of a patient with thyroid
cancer after ingestion of high dose Na''lL
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Table 1. "I 8 Factors for the Adult Standard Man form MIRDose 2

(rad/mei-hr)

TARGET
ORGAN Adrensls

Adren. 2.61E-02
Brain  4.526-08
Breasts 2.19E~06
68 wall 1.196-05
LLI 1.026-06
Sal Int 2.916-06
Stomach 9.558-08
Ll 3.426-06
Hriwall 1,056-05
Kidney 2.71E-05
Liver  1,606-05
Lungs  8.87€-06
Muscle 4.38E-06
Ovaries 1.43E-06
Panc.  3.80€-05
Red Mar §.69€-08
BoneSrf §.316-08
Skin  1.52¢-08
Spleen 1.856-05
Testes 1.356-07
Thymus  2.468-06
Thyr.  4,196-07
U8 Wall 4.68€-07
Uterus 1.06E-06
T.Body 1.056-05

TARGET

ORGAN  Muscle

Adren. 4.38¢-0§
Brain  9.396-07
Breasts 1.80€-06
68 wall 4,49E-86
Ll §.00€-06
snl Int 4,20£-06
Stomach 4.14E-06
U1 4. 118-06
Hrewall 3.49€-06
Kidney 3.81E-06
Liver 2.92E-06
tungs  3.53E-08
Muscle 1.206-05
Ovaries 5.38¢-06
panc.  4.86E-06
Red Mar 3.64E-06
BoneSrf 4,33E-06
skin  2.50¢-08
Spleen 3.97£-08
Testes 3.99€-06
Thynus 4.11E-06
Thyr.  4.46E-06
UB wall 5.256-06
Yterus 5.33E-08
T.B0dy 9.36E-06

Brain

4.526-08
3.836-04
1,908-07
2.00€-08
2.93e-09
§.90€-09
3.55E-08
§.26E-09
2.07€-07
1.95E-08
1.336-08
4.43E-07
§.39E-07
3.52€-09
5.54E-08
3.86€-08
7.03¢-06
1,85E-06
1.61€-08
6.38€-10
4.86E-07
§.57€-08
1.78E-09
3.20€-09
8.83¢-06

Ovaries

1,43E-06
3.52E-09
1.926-07
3.938-08
423605
3,26€-05
2.46E-06
2,95€-05
4.198-07
2.87E-06
1.59E-06
3.836-07
5.38€-08
4.83E-02
1.61E-06
7.926-06
3.68E-06
1.35¢E-08
1.49E-06
0.00e+00
1.80E-07
3.13€-08
1,92E-05
§.27E-05
1.10E-05

Breasts

2.19e-06
1.30€-07
1.33E-03
1,52€-08
1.88E-07
4 41E-07
2,95¢E-08
4,388-07
1.05E-05
9.97€-07
2.89E-06
8.91E-06
1,80E-06
1.92e-01
2.81E-08
2.426-08
1.98E-06
3.29€-06
2.00E-08
0.00E+00
1.08E-08
1.37E-06
1.21€-07
2.25-07
8.326-06

Pancreas

31.80€-05
5.54£-08
2,§1E-08
2.738-05
1.72E-06
5.26E-08
4.56E-05
5.78E-08
1,24E-05
1.86E-05
1.36E-05
6.296-06
4.86E-06
1,61€-06
4.75E-03
5.77€-06
3.84E-06
1.31E-08
4.77€-05
2.026-07
2.31E-06
4,28E-07
1.67€-07
1.64E-08
1,088-05

68 Cont

1. 1E-05
2.43E-08
1.44E-06
4.108-03
2.07E-06
1.59€-05
1.03E-05
2.74E-05
3.828-06
1.37€-05
2.908-05
2.57E-06
4.33E-06
3,956-06
2,428-0%
4,08E-06
2.51E-06
1,356-06
4.47E-06
4. 4E-07
1.48E-07
1.99€-07
2.126-08
4. 38E-06
§.32E-06

Red Marr,

9.68E-06
3.44E-06
2.35E-06
4.45E-06
1.66E-06
§.89E-06
3.25E-06
5.84E-06
4.27E-08
6.83E-06
3.55E-06
4.436-06
3.64E-06
7.92E-08
5.87E-06
3.80€-04
7.81€-05
1.92¢-08
3.55E-06
1. 34E-06
3.408-06
3.08E-05
3.39E-06
5.54E-08
9.84E-08

LLI Cont

1,08E-06
3.48E-08
1.86E-07
2.37€-06
1,56E-03
2.56E-05
4.83E-06
1, 14€-05
3.44E-07
2.94E-06
8.48E-07
2,90e-07
4.60€-06
4.84E-05
1.87E-06
8.07¢-06
4.08E-06
1.51E-06
2. 34E-08
5.86E-06
1,53E-07
3.15€-08
1.71E-05
1.84E-05
7.92€-06

Cort Bone

4.38E-08
4.94€-06
1.44E-05
1.77E-06
2,95E-06
2.21€-06
1.61E-08
1.97€-06
2.30E-06
2.55E-06
1.98E-06
2.73¢-06
3.04€-08
2.53E-06
2.536-06
8.07E-08
8.24E-04
2.27E-08
1,99E-06
1. T4E-06
1.99E-06
3.13E-08
1.61E-06
1,96E-06
9.40E-06

Snl Int.

2.81E-08
§.90€-09
4.41E-07
1,566-05
2.15E-05
§.276-04
1.88E-06
§.02E-05
9.85€-07
7.84E-06
4.34E-06
§.68E-07
4.,20E-06
3.26€-05
§.26E-06
§.80E-068
3.25E-06
1,32E-06
3.87€-08
1.20E-0§
2.918-07
4.03E-08
1.62€-06
2.88E-05
9,19€-06

SOURCE ORGAN

Stomach

1.05E-05
4.64E-08
2.42E-06
1,08E-05
3.33E-06
1.16E-06
9.25E-04
9.26E-06
8.87€-08
9.55€-06
5.438-06
4.06E~06
3.76E-06
2.40E-06
4.38E-05
3.15e-0¢
2. 34E-06
1,528-06
2.76E-05
2.46E-07
1,77E-06
2.07e-07
9.58€-07
2.00€-06
5.626-08

Canc Bone Spleen

4.38E-06
4.94E-06
1.44E-06
1.77E-06
2,95E-08
2.21E-06
1.61E-06
1.97e-06
2.30€-06
2.55E-06
1.98E-08
2.73E-06
3.04E-06
2.53E-06
2.83E-06
1.89E-04
8.25E-04
2.21E-08
1.99¢-0§
1.T4E-06
1.98E-06
3.13e-08
1.61E-08
1.96E-06
9. 40E-05

1.65E-05
7.61E-08
2.00E-05
4, 58€-06
1,78E-06
3.87€-06
2.69E-05
3.75€-06
5.80E-08
2.47€-05
2.86€-08
6.01€-06
3.97e-08
1.43E-08
4. 17E-05
3.58E-06
2.88E-06
1,61E-06
2.57E-03
1.738-07
1,39€-06
4.13E-07
5.35E-07
1,24E-06
1.026-05

Ul Cont

3.37€-06
8.19E-09
5.108-07
2.63E~05
8.58E-06
4,56E-05
1.05E-05
9.94E-04
1,25€-06
T.73E-06
6.99E-06
8.15€-07
4.00E-06
2.75E-05
5.89E-06
§.658-06
2,82E-06
1,35E-08
3.64E-06
9,90€-07
3.61E-07
7.91E-08
6.02€-08
1.368-05
T.21E-08

Testes

1,358-07
6.38E-10
0.00£+00
4.28E-07
1.526-08
1.20E-06

0.C0E+00
9.36E-06

Heart Ch. Heart ¥a.

1.05€-05
2.07e-01
1.05E-05
4.62E-06
3.17e-01
$.85€-07
9.25E-08
1,21E-06
1.44E-03
3.03e-06
8.42E-06
1.57€-05
3.49E-08
4.19E-07
1.24E-08
444808
3.56E-08
1,59E-06
5.80E-08
§.57€-08
2.828-05
1.798-06
1.23-07
3.92e-01
1,03E-05

9.18E-06
2.23€-01
9.68E-06
3.69E-06
2.53E-07
1.57€-01
6.10E-08
1.02€-06
5.52E-04
2.66E-06
1.43E-06
1.65€-05
3.30£-06
3.43E-07
§.18E-06
444806
3.55€-08
1.52E-08
4.31E-06
5.70E-08
3.19E-05
1.89E-06
1.138-07
3.35E-07
§,70E-06

Thymus Thyroid

4.198-07
5.57€-06
1,37E-06
2.028-07
2.65€-08
4.03E-08
2.87€6-07
71.91E-08
1,79E-08
2.85E-07
4,64E-07
3.36E-06
4.46E-05
3.13E-08
4.266-07
3.14E-06
4.526-06
1.92€-06
4.136-07
5.50€-09
5.85E-06
2.09e-02
1.598-08
2.95E-08
§.75E-06

2.48E-05
4.66€-07
1.06E-05
1.21E-06
1.306-07
2.918-07
1.70€-06
3.96E-07
2.62E-08
8.04E-07
2.35E-06
1.088-05
§.118-08
1,60€-07
2.31E-06
3.37€-06
2.88€-06
2.01E-08
1,398-06
2.68E-08
2.08€-02
5.85€-08
8.03e-08
1.51E-07
9.75E-06

Kidneys

2.71E-05
1.95e-08
§.97e-07
1.44E-05
2. 21808
1.84E-06
9.23€-06
1.70E-06
3.03E-06
1,556-03
1.08E-05
2.60€-06
3.81E-06
2.87E-06
1.86E-05
6.85¢-08
3.74E-06
1.77E-08
2,47E-05
2.53E-07
9.04€-07
2.55E-07
9.89e-07
2.64E-08
1,026-05

U8 Cont

5.51E-07
1.77€-08
1.00E-07
1,58E-06
2.03E-08
1.63€-G6
9.726-07
5.77€-06
1.37E-07
1.07E-06
§.33€-07
8.21E-08
4.89E-00
1,84E-95
1.22e-07
3.17E-06
2.35E-08
1.68E-06
5.70E-07
1.36E-05
9.04€-08
1.58E-08
1.16E-02
4.348-05
§.22E-06

Liver

1,60€-05
7.33¢-08
2.89E-06
3.108-08
§.90E-07
4. 34E-06
5.61E-06
8.83E-06
8.42E-06
1.08E-05
2,83E-04
1,26E-06
2.92E-06
1.59E-06
1,36E-05
3.48E-06
2,87E-06
1,578~08
2.86E-06
1,36E-07
2,35E-06
4.64E-07
§.56€-07
1.38E-06
1.028-05

Uterus

1.06E-08
3.20€-09
7.256-01
4.39E-06
1. T1E-05
2.88€-05
2.29E-06
1.44E-08
3,926-07
2.64E-06
1.38E-08
2.69€-07
5.33E-0%
§,21E-05
1.64E-08
5.386-06
2,82E-06
1,32€-06
1,24E-08
0,00E+00
1.51E-07
2.956-08
4,56E-05
5.75€-03
1,11E-05

Lungs

8.87E-06
443807
8.90E-06
2,85¢-06
2.186-07
6.68E-07
4.31E-06
8.47e-071
1,57€-05
2,60E-06
7.25E-06
4 46E-04
3.53E-06
3.53-07
§.29E-06
4.45E-06
3.90E-06
1,72E-08
6.00E-08
4.19E-08
1.08E-05
3.36E-06
1,176-07
2.69e-07
9.51E-06

Tot. Body

1,05E-05
8.82E-06
8.32E-06
1.09E-05
1.07€-05
1.09E-05
1.04€-05
1.07E-05
1.03€-05
1,01€-05
1.01€-05
9.51E-06
9,35E-06
1.10E-05
1,09€-03
1.16E-08
1,02E-05
1.39E-06
1.01E-05
9.35E-06
9.74E-06
3.74E-06
1,06€-05
1,118-05
9.43E-06




— ¥ o) 5901 Al o

2ol A ¥ X7 A MIRD Schemael 2J&§ 543k H7h—

Table 2. Absorbed dose in the Patients with Thyroid Cancer after High dose(175mCI) Na™I Therapy (rad)

Object No Total body Target organs
Residence time(hr) Stomach Red marrow Bladder wall Remainder total body

1 7.56 279.8 174 369.6 15.8
2 11.53 285.1 25.5 374.9 22.5
3 8.66 281.6 19.5 371.4 17.6
4 13.05 286.9 28.5 376.6 25.0
5 16.60 292.2 35.9 381.9 30.8
6 11.07 285.1 24.5 374.9 21.7
7 13.14 286.9 28.7 376.6 25.2
8 10.61 283.4 23.6 374.9 20.9
Mean 11.53 285.1 25.4 375.1 22.4
* Source organs residence time(ICRP Publication 53)

Kidney 0.11(hr)

Bladder content 1.76

Stomach 1.66

mCi

200

150

1001

50

. n
T T T T
0 500 1000 1500 2000 2500 3000
Time (minutes)

Fig. 3. Time activity curve of the total body in the
patients with thyroid cancer after ingestion
of high dose Na'*'L.
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@ : the absorbed fraction

n : the number of transition

E : the radiation energy

m : the mass of the target organ

targetel sourceol] A% wALgel 2% HF
FFAH Se

S=n-E-0/m=40

d=n-E
Oo=0/m
D=4AS

weba Sghe 43 ok HFEFTAAgS 44 T+
& o vt sourceol A1) At WAbe RIS AR
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time(r )& o]-4-3H3

r=A/A,

D=As S

o] FAL oz /9 S WEsle o8 ¥
Foll 23 2] A7) dukslgt Fale

D/Ay=3rS

4;=KnkE,

¢(ryeTy) : the absorbed fraction in the target

A, : the administered activity

organ ry from source organ r, for i
type radiation

Oi(rety) =g (ree—r,)/my

Si(te) =4:@:(ree1)

S(ryer,)=38i(ryery) : summed for all radia-
tion types for each
radionucilide

B(rk(_-rh)=Ah24i¢(rk(_rh)/mk

=A24@(reT1y)
=AS(ryeT1y)
Te=As/Aq

D(r,) = ZD(reeru)

D(r)/Ae=ZnS(rei)

e st s
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gol BlEEY, FASE 2L A HFEE A7
5 Se)Autr)sh AESHA wizklel o8] AR}
F<-& (absorbed fraction : ¢)-& HkAjAle] 239}
iz, A7) R AE2A7)e A7), g L 24,
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