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RADAR vs ICRP 89, 110, 133

Cristy & Eckerman 1987 ICRP 110, 2007



The OpenDose Collaboration

www.opendose.org



Aim

• Develop a platform for radiopharmaceutical 
dosimetry reporting using arbitrary collections 
of absorbed fractions and spectra.

• Assess reports based on absorbed fractions from 
the RADAR web-site and from ICRP 133 and 
radiation spectra from ICRP 107.







Generation of Dose Reports

• Construct Phantoms

• Evaluate Biokinetic Models

• Calculate Effective Dose



Phantom Construction
• Based on collections of (specific) absorbed 

fractions (AFs or SAFs)

• Described by a manifest file (JSON format)

• Can include post-composition adjustments:
– Default radiation weighting factors (OLINDA/EXM)

– Default target mass changes (ICRP 110/133)

– Replacement of particular fractions (OpenDose marrow)



Subtractive Model

• Used by RADAR, OLINDA/EXM (v1)

• Generate SAFs for source organs and 
total body irradiating target organs.

• Combine with emission spectra to 
form dose factors (DFs or S-values)

• Calculate DFs for organs irradiated by 
remainder of body by subtracting 
mass-weighted fractions of the source 
organ DFs from the total body DFs

Total Liver Remainder



Remainder of Body Source
For the total body source the cumulated activity in each tissue is 
simply proportional to its mass:

Rearranging:

This is prone to truncation due to the low precision of rounded-off 
SAF values.
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𝑚𝑇𝐵
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Additive Model
• Used by ICRP 133, IDAC (v2)

• Generate SAFs for all defined 
organ regions irradiating each 
other.

• Combine with emission spectra 
to form dose factors (DFs)

• Calculate DFs for the Remainder 
of Body by weighted sum of 
unused source DFs.

Residual Muscle Bone Blood

Brain Lungs Liver Kidneys



Remainder of Body Source
Starting with the same assumption of activity distributed in proportion 
to source region mass:

This is more stable than the subtractive algorithm as the contribution 
from specified sources simply cancels out.
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Kinetic Model Evaluation
• Each phantom supports zero 

or more plug-in residence 
time calculators

• This is determined by a 
section in the phantom 
manifest

• Each subsection maps 
calculator variables (LHS) 
onto one or more phantom 
source regions (RHS)

• Variables are identified by 
position, not name

"residence_time":[
["ICRP General",[

["Adrenals",[["Adrenals",1.0]]],
...
["Other",[["TotBody",1.0]]]

]],
["ICRP Gut",[

["Stomach",[["StomCont",1.0]]],
...
["Lower Lg. Int.",[["LLI Cont",1.0]]]

]],
["ICRP Renal",[

["Kidneys",[["Kidneys",1.0]]],
["Bladder",[["UB Cont",1.0]]]

]]
]



ICRP General (ICRP 53)
"icrp_general":{

"compartments":[

["Bone Surfaces",0.5,[

[-1.0,0.25,"h"],

[0.3,2.0,"h"],

[0.7,72.0,"h"]

]],

["Kidneys",0.02,[

[0.3,0.5,"h"],

[0.3,2.0,"h"],

[0.4,72.0,"h"]

]],

["Other",1.0,[

[0.3,0.5,"h"],

[0.3,2.0,"h"],

[0.4,72.0,"h"]

]]

]

}



ICRP Renal Model (ICRP 53)
"icrp_renal":{

"fraction":1.0,

"clearance":[

[null,0.3,0.5,"h"],

[null,0.3,2.0,"h"],

[null,0.4,72.0,"h"]

],

"transit_time":[5.0,"m"],

"void_interval":[3.5,"h"]

}



Compartment Modeller

(ICRP 128)
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Effective Dose Calculation
• Each phantom supports 

zero or more plug-in 
effective dose calculators

• Again this is determined by 
a section in the phantom 
manifest

• Each subsection maps 
calculator variables (LHS) 
onto one or more phantom 
target regions (RHS)

"effective_dose":[
["ICRP 60",[

["Adrenals",[["Adrenals",null]]],
...
["Gonads",[["Ovaries",null],["Testes",null]]],
...
["Oesophagus",[]]

]],
["ICRP 103",[

["Adrenals",[["Adrenals",null]]],
...
["Salivary Glands",[]]

]]
]



Validation Framework
{"icrp_general":{

"compartments":[

...

]

},

"validation":{

"spectrum":F-18,

"half_life":1.8295,

"time_unit":"h",

"tolerance":0.02,

"residence_time":[

["Brain",0.21,"h"],

["HrtWall",0.11,"h"],

["Lungs",0.079,"h"],

["Liver",0.13,"h"],

["Other",1.7,"h"],

["Bladder",0.26,"h"]

]

}}



Data for Validation

• Validation of residence time calculation was 
based on ICRP published data

• Validation of effective dose calculation was 
based on an Excel spreadsheet

• Validation for dose factor and absorbed dose 
calculations were originally going to be based on 
OLINDA/EXM and IDAC but…







Comparison of Dosimetry

Radiopharmaceutical ICRP 128 
(mSv/MBq)

OCD RADAR 
(mSv/MBq)

OCD ICRP 133 
(mSv/MBq)

Adult Adult Female AM AF

Tc-99m HDP 4.96x10-3 5.42x10-3 7.23x10-3 3.65x10-3 5.71x10-3

F-18 FDG 1.90x10-2 1.86x10-2 2.42x10-2 1.59x10-2 2.11x10-2

I-131 Iodide 2.20x10+1 2.17x10+1 2.63x10+1 1.87x10+1 2.24x10+1

Table 1. Effective doses calculated for 5 different phantoms using tissue weighting 
factors from ICRP 60.



Discussion

A platform has been developed to support 
comparison of internal dosimetry results 
from different sources

– Designed to support end-user validation

– Could be used as part of a validation chain 
for qualifying commercial software



Conclusion

For a small sample of radiopharmaceuticals, 
RADAR and ICRP 133 phantoms produce similar 
estimates of Effective Dose


