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MIRD formalism

Cumulated activity = Number of decays in a region

ïMeasure activity in a region at different points in time 

(A = decay per second [Bq])

ïCalculate òthe area under the curveò
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MIRD formalism

Hindorf ïEcole National V®t®rinaire de Nantes

Hours after infusion 

Activity 

SA
~

D

Mean absorbed dose

Cumulated activity

S-value

Cumulated activity = Number of decays in a region

dteAdttAA

AUCA

bpt )(

0)(
~

~

0

100

200

300

400

0 48 96 144 192 240 288



Cumulated activity

Quantitative Imaging for the given camera, 

radionuclide, acquisition settings and 

image processing method:

ïSensitivity

ïScatter correction

ïAttenuation correction

ïDead time correction
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Cumulated activity

ÅQuality Control of the camera

ïEnergy window

ïUniformity

ïSensitivity

ïLinearity

ïSpatial resolution
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MIRD formalism

S value = Absorbed dose per decay [mGy/MBq s]
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S value

Human Phantoms
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S value

Human Phantoms
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Cross sections



S value

Tables with S values for human phantoms

ïMIRD pamphlet 11

ïMIRDOSE3.1

ïwww.doseinfo-radar.com

ïOlinda EXM
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Anterior views of the NURBS models of the adult male (left) and adult female (right)

Mike Stabin



MIRD formalism

Assumptions:

ÅUniform activity distribution within the 

source region

ÅUniform absorbed dose distribution within 

the target region
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MIRD formalism

ÅWhat is a Region?

ïWB

ïOrgan

ïPart of an organ ex. Kidney

ïSphere

ïVoxel, 

ïCell

ïé.. etc
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Howell,

The MIRD Schema from Organ to Cellular dimensions,

J Nucl Med, 531-3, 1994.



Non-uniformity
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90Y
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Koijnenberg, CBR, 18(4), 619-25, 2003

Uniform activity distribution in the kidney:

Uniform activity distribution within 1 mm in cortex



Non-uniformity
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201 x 201 pixels

10.05 x 10.05 mm

Amanda Johansson

Per Sandstrºm

Torgny Stigbrand

Ume¬ University

Activity distribution in tumour
131I-MAb



Non-uniformity
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étissue             cell surface              cell nucleus

Uniform activity distribution over theé.



MIRD formalism
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Dosimetry ïfrom Cell to Patient



Dosimetry ïfrom Patient to Cell

Dosimetry ïfrom Cell to Patient



Extrapolation

ÅCell survival
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Nicolas Choin



Extrapolation

ÅRadiation sensitivity
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Human LD50 = 4 Gy

Rat LD50 =  6.75 Gy

Mouse LD50 = 7 Gy

Hall, Radiobiology for the radiologist



Extrapolation

3 extrapolations to be performedé

ÅBetween species

ÅNormal risk ïhigh risk

ÅLow absorbed dose ïhigh absorbed dose
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Extrapolation

Anatomy

ÅMan Total body: 70 kg

ï Organ: appr. <1 kg

ÅRat Total body: 300 g

ï Organ: appr. <10 g

ÅMouse Total body: 25 g

ï Organ: appr. <1 g
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Extrapolation

Physiology

ÅMan HR: 60 ï80 bps

ï BR: 10 ï12 per minute

ÅRat HR: 300 ï400 bps

ï BR: 80 ï100 per minute

ÅMouse HR: 

ï BR: 100 ï150 per minute
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Extrapolation

131I, Thyroid
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Extrapolation

Cesium metabolism
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Extrapolation

Pharmacokinetic models

Data based compartmental models: Make a fit to measured 

data

Physiologically based compartmental models: Organ 

and/or tissues are defined from blood flow, volume, 

storage capacity,, kinetic constants for metabolism, etc.
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Extrapolation

Data based compartmental model
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Extrapolation

Physiologically based compartmental model
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Veterinary Nuclear Medicine

Feline thyroid cancer: 99Tcm
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Veterinary Nuclear Medicine

Feline hyperthyroidism: 131I
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Therapy Isolation



Veterinary Nuclear Medicine

Canine, parathyroid
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Veterinary Nuclear Medicine

Equine bone scans: 99Tcm-MDP
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Veterinary Nuclear Medicine

Equine bone scans: 99Tcm-MDP
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Extrapolation

ÅRadiation sensitivity
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Human LD50 = 4 Gy

Rat LD50 =  6.75 Gy

Mouse LD50 = 7 Gy

Hall, Radiobiology for the radiologist



Absorbed dose ïbiological response

Å90Y-DOTATOC
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Absorbed dose ïbiological response
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Sgouros, J Nucl Med 38(11), 1997
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Absorbed dose ïbiological response
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Absorbed dose

Response



Absorbed dose ïbiological response
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Absorbed dose ïbiological response
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Phantoms for S values
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Mouse
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Phqntoms for S values
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Segars et al.


