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ICRP Publications with reference dose
coefficients in diagnostic nuclear medicine

Annals of the ICR

Annals of the ICR

PUBLICATION 80

e Annals of the ICRP
Radiation Dose to Patients from ICRP Publication 106

Radiophaymeceutics s Radiation Dose to Patients from ICRP Publication 128
Addendum 2 to ICRP Publication 53 _ Radiopharmaceuticals
Also includes Addendum 1 to e third amendment to ICRP Publication 53 Radiation Dose to Patients from
ICRP Publication 72  Also includes: Radiation Exposure of Hands in Radiopharmaceuticals: A Compendium of
AT Radiopharmacies - Current Information Related to Frequently
ﬁ- Used Substances
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Terms of reference of ICRP Task Group 36

Tissue or organ Tissue weighting factor (wy)
ICRP60 ICRP103

Gonads 0.20 0.08
Bone marrow (red) 0.12 0.12
Colon 0.12 0.12
Lung 0.12 0.12
Stomach 0.12 0.12
Bladder 0.05 0.04
Breast 0.05 _
Liver 0.05 0.04
Oesophagus 0.05 0.04
Thyroid 0.05 0.04
Skin 0.01 0.01
Bone surface 0.01 0.01
Brain
Salivary glands
Remainder 0.05

Objective: to develop dose coefficients for radiopharmaceuticals
administered to patients in diagnostic nuclear medicine.

Task: to update Publication 128 (2015) according to the “new”
recommendations

Procedure

Calculation of dose coefficients according to the methodology of
Publication 103 (2007) and using the weighting factors given
there.
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Terms of reference of ICRP Task Group 36

ANNALS OF THE

PUBLICATION 143

Objective: to develop dose coefficients for radiopharmaceuticals
administered to patients in diagnostic nuclear medicine.

Task: to update Publication 128 (2015) according to the “new”
recommendations

Procedure

Calculation of dose coefficients according to the methodology of
Publication 103 (2007) and using the weighting factors given
there

Annals of the ICRP

Development of biokinetic models as compartmental structures

ICRP Publication 107

Nuclear Decay Data for Dosimetric

Dynamic bladder model to describe urinary excretion
New adult and pediatric reference computational phantoms

ICRP Reference . .
Computational Phantoms from Publications 110 (2009), 133 (2016), 143 (2020) and 155

X (2023)

Nuclear decay data

Nuclear decay data from Publication 107 (2008)
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Biokinetics: from descriptive to
compartmental models/1

Table C.16. Biokinetic data for ''C-raclopride.

Organ (S) F; T (h) a

M

Liver 0.18 4.0 1.0
Kidneys 0.06 1.0 1.0
(from excretion process)

Brain 0.03 1.0
Red marrow 0.02 00
Lungs 0.02 1.0
Heart wall 0.01 1.0
Small intestine wall 0.08 0.33
Gallbladder contents 0.16

Other organs and tissues 0.60 0.33 0.1

Urinary bladder content

INLYH ySnouys uonaioxa |esaq

40 0.45 Transfer rates calculated from existing tables as In(2)/T(h)
00 0.45
Gastrointestinal tract contents Tro nsfer I’GteS OUt Of blood
Small intestine 0.40 e . - .
Upper large intestine 0.40 specific value if available from the literature
Lower large intestine 040 If not, a generic value is assumed
Urinary bladder contents 0.31

Adult, 15 years, 10 years e. g . TblOOd = O . 25 h

5 years, 1 vear

I‘R? From ICRP Publication 128 .



Biokinetics: from descriptive to

compartmental models/2

«— ‘Heart wall )
mp efa ; Brain ; 5
:aﬂpf.fr;nrl.uﬂr;ﬂ:ﬂ m“mﬁﬁﬂiﬁg EINMMI Physics L )_b i Heart wall ] i
f \ ")
'ORIGINALRESEARCH ~ OpenAccess Lungs < > i i
. ®\ J i Heart wall ) |
A revised compartmental model iy ; ;
. . . . 18 @ h ] 2 ;
for biokinetics and dosimetry of 2-["°FIFDG . — N
Liver = | |
Alexandra Kamp''®, Martin Andersson™, Sigrid Leide-Svegbom’, Dietmar Nopke®, Saren Mattsson® and \ J/ iother E
Augusto Giussani' - ~ Blood i - E
Pancreas _,‘ . —»| Otherl |:
Table C.30. Biokinetic data for '®F-fluoro-2-deoxy-D-glucose. L y i N i
Organ (S) F, T (h) a - “\ | p
. #‘\ i
Brain 0.08 0 1.0 Spleen _>| Other2 |
Heart wall 0.04 00 1.0 \ J N ev——— y
Lungs 0.03 o0 1.0
: . Urinar
Liver 0.05 o0 1.0 Kidneys Y
Other organs and tissues 0.80 0.2 0.075 bladder
x 0.70 ~—
Urinary bladder contents 0.24
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Biokinetics: from descriptive to

compartmental models/3

TABLE 2

Values of Model Parameters (min—7) as Obtained from Fits

| t::sl;[oot:y \ | Spleen \ Parameter Mean Population SD

4 1 Blood to liver1 1.61 x 102 0.32 x 102
Liver1 to blood 1.84 x 1072 0.40 x 1072
RS RR R R N k2 Liver1 to Iiverz 23 >< 10_2 17 X 10_2
S 1 i } Blood to spleen 1.13 x 1073 0.51 x 1072
Liver/1 | > Blood ) Spleen to blood 7.7 x 1073 2.6 %103
P N— ~ ry Blood to urinary bladder 51 x10-4 3.0x 104
' P e e S ! Blood to kidney tissues 4.8 x 102 1.3x 1073
_ ([ Kidney _ h Urinary Kidney tissues to blood 6.2 x 1073 3.2x1073
Liver/2 | tissues  |[VNinary pathp bladder Blood to urinary path 42x10-%  1.1x10-8
i Urinary path to bladder 9.7 x 1072 2.9x%x 1072
Blood to RoB 6.56 x 102 0.91x1072
RoB to blood 46 x 1072 2.4x1073

Blood volume 1.28 x 104 0.83 x 104

FIGURE 2. Proposed structure of compartmental model for bio-
kinetics of 18F-FCH.

A Compartmental Model for Biokinetics and Dosimetry
of '8F-Choline in Prostate Cancer Patients

Augusto Giussani!, Tilman Janzen!, Helena Uusijérvi-Lizana?, Federico Tavola®, Maria Zankl!, Marie Sydoff2,
Anders Bjartell*, Sigrid Leide-Svegborn?, Marcus Soderberg?, Soren Mattsson?, Christoph Hoeschen!,
and Marie-Claire Cantone?

J Nucl Med 2012; 53:985-993
DOI: 10.2967/jnumed.111.099408



Models and calculations

Pertechnetate (OIR model, Publ. 133)

Other SHl [T j Thymid|1
. . - R s o L e ) j¢f
A majority of recent literature on preclinical and Thyroid 2
clinical study doesn’t show information about liver ST2 1
uptake. This is also consistent with daily clinical et - Salivary gland
practice. | _ i _ O\Jr/al
Cortical Cortical = < ver ,
volume [~ | surface « cavity
The OIR model was adjusted by removing the Blood < Lifer p?lzsg‘:"s
liver compartment and include it in “Other”. Only Trabecular]_ [Trabecular—>
minimal impact on the effective dose (< 1%). volume surface L st [ Stcontent
| 5 1 wall I}
T : ' . ' - S| content
Case ,blocked thyroid®: thyroid should be Kidneys < ;
removed from the source organ ,Other” el Right| | e
(otherwise some activity will be still delivered to Urine < Urinary . %Cﬁlacllln
thyroid, contrarily to the model assumptions) bladder | Urinary e |
. . « content P Faeces ‘
e« Rename ,With blocking agent s PN T

IGRP 3



Models and calculations

lodine

Case ,blocked thyroid” = iodide is not transformed to
organic iodine. In ICRP 128 this case is indicated as ,Zero
uptake®. Zero Uptake howeveris when transfer from
blood 1to thyroid is set to O (thyroid removed).

We will have both zero uptake and blocked thyroid.

Transfer coefficients for HATM: Using "non-caloric
liquids” for oral administration may be justified if
radioiodine is administered in solution, but not when it is
given in capsule form.

Excretion: A Kidney 3 compartment was introduced in
Publication 128 in order to include the kidney bladder
model used for all other radiopharmaceuticals for which
no compartment model was available until now.

Model parsimony: we do not need a 3 kidney
compartment

L i

Salivary
glands

ICRF Publication 128

lodide
in blood
(Blood 1)

Stomach
contents

Small
intestine

contents

Colon
contents

Feces

Organic
iodine
in blood




Dynamic bladder model

10

200
@ Results =l
Urinary bladder volume
Absorbed dose to the bladder wall ' '
Male: 0.087335 mGy/MBqg = k

Female: 0.10028 mGy/MBqg c 1'[] 1'5

Activity in bladder (red line iz without voiding)

=
3

5 10

Dwnamic S-value

m Gy hbog*h)
]
—

—

=

Source: shutterstock.com
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Use of effective dose in (nuclear) medicine

Publication 103 (ICRP, 2007) clearly states that effective dose is intended for use as
a protection quantity on the basis of reference values and relates to reference
persons and not to specific individuals. The main uses of effective dose are in
prospective dose assessment for planning and optimisation in radiological
protection, and retrospective demonstration of compliance for regulatory
purposes.

When using effective dose for comparing medical administrations (Publication 147) it
“..is used to provide a generic indicator for classifying different types of medical
procedure into broad risk categories for the purpose of communicating risks to
clinicians and patients.”

It can also be of practical value for comparing doses related to stochastic effects
from: different examinations and procedures; the use ot similar technologies and
procedures in different hospitals and countries, and the use of different alternative
methodologies tor the same medical examination, provided that the representative
patients or patient populations for which the effective doses are derived are similar

wi&ﬁﬁord to age and sex. ”



Special cases

It patients of one sex only are involved, an alternative quantity is
calculated:

2T Wr HITE" or Yy Wr H11‘:1’

depending on whether the examination is performed on female or male
patients, respectively.

In the case where anatomical or physiological properties differ from
those of the reference individual (e.g. abnormal liver masses in case of
diffuse parenchymal liver disease, or ablated thyroid in thyroid cancer
patients), the dose calculations are performed considering also these
diverging characteristics. For these cases the missing tissue is not
included or the abnormal mass is considered instead of the reference

#
HE + M . .
T > Il toindicate

that it does not correspond to the formal definition of effective dose.
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99mTc-labelled mercaptoacetyl triglycine
(MAG3) - Unilateral kidney blockage

Normal renal

From To

function
Blood 1 Total Body 1 8.32E+00
Blood 1 Total Body 2 8.32e+00
. Blood 1 Total Body 3 4.16E+00
TB2 Total Body 1  Blood 2 2.48E+01
. Kldney Total Body 2  Blood 2 1.31E+01
T8 3 Total Body 3  Blood 2 9.60E-01
Blood 2 Kidneys 1.20E+02
Urinary bladder Blood 2 Kidney (abn.) 0.00E+00
content Kidney (abn) Blood 2 0.00E+00
Kidneys UB Contents 1.50E+01
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99mTc-labelled mercaptoacetyl triglycine

(MAG3) - Unilateral kidney blockage

HYP(ry = ) AGs ) S G ) +

rs¥kidney
A(kidneypockedrT) - Svl\\;I’F(TT « kidneypiockea) + A(kidneynormai, T) - SVI\\:I’F(rT < kidneynormar)

Ratio dose trom left kidney/dose from right kidney

Spleen 1.6
Stomach wall 3.24
Small intestine wall 1.76
Gallbladder walll 0.227
Liver 0.223
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Further applications: Doses during

pregnancy and breastfeedinc

Not only doses due to intake
of radionuclides contained
in the mother’s milk, but also
external doses due to the

activity in the mother’s body
>

 ICRP Publication 95

Doses to Infants from Ingestion
of Radionuclides in Mothers” Milk

more realistic calculations
using updated biokinetic
models and computational
phantoms

From M.C.Cantone: Radiation exposure of the
embryo/foetus and the newborn child

In S.Mattsson and Ch.Hoeschen: Radiation
Protection in Nuclear Medicine 15

Springer Verlag 2013




TG 130: Doses from Diagnostic Radiopharma-

ceuticals During Pregnancy and Breastfeedinc

For the radiation exposure of breastfed infants up to age 2 years, the internal
exposure due to secretion of radionuclides into the breast milk as well as the
external irradiation from radionuclides in the breasts and whole body of the
breastfeeding patient will be considered.

The biokinetic models presented in the revision of Publication 128 (TG36) will be
used as a starting point and properly modified to account for the changes
occurring during pregnancy and breastfeeding, including transfer of material from
the maternal to the fetal tissues.

The fetal and paediatric dose coefficients will be calculated using the ICRP
paediatric reference computational models as well as the pregnant and fetal

phantoms developed by ICRP TG 96 and 103.
IGRP 16



Collaboration with EURADOS:

Doses during pregnancy and breastfeedin

e Improve the assessment of external
exposure with a computational approach

e Input

e Anthropomorphic computational models, both
for patient and staff/caregiver(s)/family ‘,
member(s) ' P vl

e Time activity curves from each relevant source
organ in the patient

Organ absortbed dose rate (uGy/h)

HDP-bone scan

§§§é

e Output

e« Organ absorbed dose rates over time for the
target model

L.Struelens et al.: Joint Symposium EANM/EURADOS at the EANM 20 meeting

I‘R? L.Struelens et al.: Joint EURADOS-EANM initiative for an advanced computational framework for the 17
assessment of external dose rates from nuclear medicine patients, EJNMMI Physics (2024) 11:38
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