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09/03-9/04 OLINDA-EXM Software preparation and read information
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(1)Kinetic modeling discussion
(2)Standard kinetic models and phantoms
(3)Extrapolation of animal data

(4)Case study

09/14-09/18

(1)Bone marrow dosimetry discussion
(2)Patient specific dosimetry discussion
(3)Small scale and microdosimetry discussion
(4)Case Study
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(D Curvefitting and regression
(2)Compartment modeling
(3)Animal data extrapolation

(4)Case study

09/28-09/30

(1)Bone marrow dosimetry
(2)Image quantification— human data

(3)Case study and review
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Internal Radiation Dosimetry

Introduction

<+ Absorbed-dose calculation: evaluation of
the risks involved in the application of
radiopharmaceuticals to medical studies,
whether they may be imaging, therapy, or

noninvasive physiologic and metabolic
studies.

+ Absorbed dose: the amount of energy from

ionization radiation that is deposited per unit
mass at the site of interest.

Medical Internal Radiation Dosimetry
(MIRD)

OLINDA/EXM: The Second-Generation Personal
Computer Software for Internal Dose Assessment
in Nuclear Medicine

Michad . Subin, P, Backad B Spucks. PO e Bk Crome, 1S
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Concepts

< Internal dose estimates —
“marriage” of physical and
biological quantities

< Biology — distribution and
kinetics

«Physics — energy deposition

patterns
4
Drk = § l, AhS(rk = rh)
h
rh : Source region rk : Target region ,Z\ : cumulated activity
kz nEg(r <)
i i
S(rk <~ rh) m
m,
n: the number of radiation with energy E emitted per nuclear transition
@: the fraction of energy emitted that is absorbed in the target
m: the mass of the target region
k: proportionality constant (rad-g/ i Ci-hr-MeV) or Gy-kg/MBg-sec-MeV)
<
kz nEg(r, <r,)
S« rf)=———
m,
a2 Sl 5 Factar Sulntion far ST
- = v Fion
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Absorbed dose: D)= de.

dm

D =N xDCF

N is the number of disintegrations that occur in a
source region

DCF is the dose conversion factor, which gives the
dose absorbed in a target per disintegration in a
source

Determination of Kinetic Data

< Preclinical:
«=Choice of animal species
«=Choice of analytical method
«Execution of experiments
«=Extrapolation of results
«=Kinetic analysis

< Clinical:
«=Execution of experiments
«=Kinetic analysis

57 15 I



Animal Data Collection Methods

< Autoradiography
<+ Necropsy
+ Imaging
microPET and microSPECT methods

«=Region of Interest (ROI) analysis of images, as
in humans.

10

Animal Data Extrapolation Methods

« Direct Use (i.e. no extrapolation)
«%/organ in the animal = %/organ in the human
+ Concentration equivalence
«%l/g in animal = %/g in human
+ Concentration/Body weight equivalence
% - kg/g in animal = % - kg/g in human

«=(organ mass in g)/(body weight in kg) used as
scaling factor.

s

Mass scaling
% % - kg
(e e 025 i
%-kg organ mass (g) = %
g ><body mass (kg) organ @

0.25
. m,
Mass and time t, :t{—}

scaling W,

a

L
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Average Average Average
5 45 90

%ID-kglg | %ID-kglg | %ID-kglg
Blood 0 0 0
Heart 0.0696 0.0193 |  0.0127
total lung 0.1185 0.0349 |  0.0270
total liver 0.5753 0.2376 |  0.0742
spleen 0.1002 0.0486 |  0.0422 L kg/g.
total kidney 0.2753 0.2678 |  0.1604 extrapolatcn ~ @
small intest up 0.0000 0.0000 0.0000 Rghiin A:/organ
small intest low 0.0000 0.0000 | 0.0000
total small inst 0.2286 0.5488 |  0.2736 ‘{
large intest 0.0830 | 0.0261 | 0.0234 q{ .
stomach 0.0929 0.0238 |  0.0203 A\ .
muscle 0.0000 0.0000 | 0.0000 A i”
total skin 0.0000 0.0000 0.0000 v .-'*'--\\‘-_ A
Testes 0.0595 0.0585 |  0.0324 R o
brain 0.1836 0.0308 |  0.0085 s ‘d:

Average Average Average
5 45' 90’
Y%/organ- %Jorgan- %/organ-
hum hum hum
Blood
Heart 316 0.298 0.083 0.054
total lung 1000 1.607 0.473 0.367
total liver 1910 14.909 6.158 1.922
spleen 183 0.249 0.121 0.105 Select important organs
total kidney 299 1.117 1.087 0.651 to fit
small intest up 0.000 0.000 0.000 o
small intest low 0.000 0.000 0.000 -
total small
inst 600 1.861 4.468 2220
large intest 387 0.436 0.137 0.123 ; } "
stomach 158 0.199 0.051 0.043 '{‘\ ‘ 7
muscle A\ y iﬂ
total skin ’ y Ehe , ‘5“ b
Testes 39 0.032 0.031 0.017 ™ AR
brain 1420 3.538 0.594 0.164 el "‘ s

' T T
—
i
“""L——.g____h
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A, =| 20382 |h?

N (Bg-h/Bq)

1.2928 | 1.0034

0.0043 total lung

17.2616 | 1.4468

0.0495 total liver

0.2282 | 0.6051

0.0009 spleen

1.2254 | 0.3854

0.0051 total kidney

3.5862 | 2.1509

0.0086 brain

bone

1

Ny

0.42236 RB

= Vo S
Aphys

Assumption: all activity
retained in body, activity

NI il not in organs uniformly in
Re=Nrg rgan all other tissues.

i g Form | Wil knput Form | Modeds iepul Form | Kinetics input Form | Help Form |
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Woeoe  [000m TratBong
81 Cont o000 Spieen
StoenCont  [0.0000 Testes
UL Gonn (00000 Trirenss
HeasCon  [D.0000 Tryreid
HAwal  [D.0000 U Cont
Wdneys | D.0000 Uterus
Liver 0. 0000

Lrgs 0.0000

Mk o000 Tot BodyReen Body
[ Clear ANData
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g

1, either

16
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0.0000
0.0000
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00000 L
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Compartmental Analysis

Use of SAAM I for Biokinetic Analysis

-+, SAAM || Compastmental Module 063.5TU
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Compartmental Analysis
Use of SAAM 11 for Biokinetic Analysis

Fie £k Yiw Show Conous S Widow Heb

D|e|d| @] &|F[E| DD =l ® |

a - - i ".:l;
Bsie] | A8 DI || e ] 0] e | 215 £ 0 e s S QMBI EOTE s 0

4, SAAM 1| Compartmental Module - Y90597066.5TL

Ede Edt View Show Compute Set Window Help

D\ 8] 7P BEm S =hk. |
[T = Pro

= Plot
10
T T T T T T
s1
a {umort
ad
3 I
10%} e
E = P I
— [ s L
L T
I ’ v s B A .
1075, e
E 8
i
3 T
1078 ——— E
( ° —
T—a]
1073 L I L 1 1 Ml
o 20 40 B0 -0) 100 120
1 (hours) |
T T 2
For Help, press F1 NUM

Acquisition of Kinetic Data
Human Studies
<« Gamma camera — setup, calibration, quality
control issues
< Choice of regions of interest
<« Number and spacing of data points
+ Treatment of kinetic data
«=Kinetic model form, parameters
«Application to dose calculation models

20
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Gamma Camera Data:
Activity Calibration Factor

<+ Geometric mean method, in principle,
removes depth dependence.

21
Fle Edt Wew Tools Window Help

Fa@ s le AN NALC[sryDron> /AN

=181 x|

Lol ENTTAT T — (01

]

Posterior

i Mo

01.1]
Blck i pow Iock window tiel

LIS LA N N

| —

Co0-57 Transmission Scan — Attenuation Correction
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Fraction

Time (h)

Acqwsmon of Kinetic Data
Human Studies

<« Gamma camera — setup, calibration, quality
control issues

< Choice of regions of interest

< Number and spacing of data points

< Treatment of kinetic data
«=Kinetic model form, parameters
«Application to dose calculation models

amma amera Data
Activity Calibration Factor

+ Geometric mean method, in principle,
removes depth dependence.

f.

A, = IA'PfJ
Ol —u,

57 21 I



AAM |1 Con
£ Show Compue Set Mirdow Help
=

8| 8| 7|25 BIDES] . # x|

108

1072
¢ E

=il 29

For Help, press F1

Area under any time-activity curve:
Number of disintegrations occurring in the source region
Units: Bg-hr, Bg-s, uCi-hr, etc.

Also: Bg-hr/Bq (administered), Bg-s/Bq, nCi-hr/uCi, etc.

30

RADAR Dose Factors

< We have calculated dose factors for our
>800 radionuclides for:

Adult Male Adult Female
15-year-old 3 month pregnant female
10-year-old 6 month pregnant female
5-year-old 9 month pregnant female
1-year-old MIRD Head and Brain Model
Newborn Prostate Gland Model
Unit Density Sphere Model Peritoneal Cavity Model

» Get the datafree, by electronic download, at

our site.

31

5T 22 T



#-2 - DUS I E-E R

[Note - Be sure to have your web browser Java enabled to use this form. These
data can take some time, even up to a few minutes to load, so be patient. Hey, it's
faster than you can get them anywhere else!]

[t M e 1124 -

s - b2 2l papen DFsto:

15510k I Phanton: 140l

100-cd 1128

-old 1129 Muchde: 1131

1130

Hewborn

3 mo Fregnant Female 1132 =

B mo Fregnant Female 1-132m

9 mo Fregnant Female 1133
4= Selectthe phaniom fis, then the ruckde. Il you |
in109
I 110 Ao you pick 3 ruckde. i may lake a Wle lime
r110m 10,08 the s, be pakiert. Copy the data with you
I 111 mouse and paste & inko a test fle for later use.
i1t
in11
in113m =

[rascon: 1-ye-old, Wuclids: I-131, Valuss are aGy/MBg-3 il

I-131 , 8.0207 D

Adranale Brain Bresste & Comt Its
jrdrenals &.88K-03 6. 12E-08 9.17E-07 3. 49E-06 7.558-%
4 I I 3
« | ¥l

Software Tools:
Nuclear Medicine Internal
Dosimetry

+ MIRDOSE —OLINDA/EXM

«=Best available dose models (adults,
children, pregnant women)

«=Standardization of dose calculations
<« Target organs
<*Remainder of body correction
<Marrow models

<Organ mass adjustments
33

Input data for 90-Y-39 22404Y

= 1 Adult [70 kg) ™1 Adult Female - Nonpregnant
™1 15-pear-old (57 kg)
1 10-vear-old (32 kg) [T 1 3-month Pregnant Woman
"1 S5-year-old 19 kg) [T 1 6-month Pregnant Woman
1 1-pear-old [9.8 kg)
CiN n (3.4 kg) [T 1 9-month Pregnant Woman
Residence Times [hi) -
[~ Adrenal 122 | P Kidneys 0.61  Testes
[~ Brain 236 W Liver ™ Thymus
[ Breasts 397 W Lungs ™ Thyoid
™ Galibladdes Contents [~ Muscle A5 ¥ Usin. Bl. Contents
1.3 ¥ LLI Contents [~ Dvasies ™ Uterus
1.61 ¥ S| Contents [ Pancieas [T Fetus
[ Stomach Contents 457 ¥ Red Mamow [T Placenta
1.14 ¥ ULI Contents [™ Costical Bone 33 ¥ Remainder of Body
4.98 | ¥ Heart Contents [~ Tiabeculas Bone
[l Haart Wal 1.19 | P Spieen Uise ICAP 30 G tract model? Yes
Select All Clear All I e Dynamic Bladder Model? Yes
Nodule Module Control Panel 1
M| B o SetdeceSveh | [ Calculate Doses | 5Value Table |
Sphere Size: [ | Label for Program Output: |
Sphere Diametes: I [ |22404Y |
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Fie View Help

adiation Dose Estimates for the REFERENCE ADULT for 90-Y-39 22404Y

TARGET Total |Dose | Primary | | Secondary | -
ORGAN Bq | rad/mCi__| Contributor | Conlribution | Coniibulor | Contribution
Adrenals 972E-01 Rem. Body 100.0% Liver 0.0%
Brain 263E-01 972601 Rem Body  100.0%  RedMamow  0.0%
Breasts 2.63E-0n 9.72E-01 Rem. Body 100.0% Lungs 0.0x
Gallbladder Wall| 2 63E-01 9.72E-01 Rem. Body 100.0% Liver 0.0%
LLI Wall 2 60E +00 961E+00 LLI 94 9% Rem. Body 51%
Small Intestine 1.16E +00 4.28E+00 Small Int. B88.6% Rem. Body 11.4%
Stomach 26301  972E-01 Rem Body  100.0%  ULI 0.0%
ULl Wall 1.45E +00 5.38E+00 ULI 91.0% Rem. Body 9.0%
Heart Wall 3.09E +00 1.14E+01 Heant 95.7% Rem. Body 4.3%

i 2.20E-N BI13E-01  Kidneys 100.0% Rem. Body 0.0%
Lives 6.65E+00  246E+01 Liver 100.0%  Rem Body  0.0%

2. 14E+00 7.91E+00 Lungs 100.0% Rem. Body 0.0x -

SOURCE ORGAN __ |Residence Time a CAP 30 GI Model?
LLl I~ Yes ¥ No I~ Yes ¥ No
Small Intestine 1.61E+D0
uLl 1.14E +D0
Heart Contents 4. 98E «00

i 1.22E-
Liver 2.36E+D1 -

Back to Input Form
=101 x|

Main it Form | Ncide Ingut Form | Models lnput Form | Kinetics Input Form | Help Form |

™ AdultMale [ Prosmscaa ]

[~ Adult Female :
[~ 15-year-old [ Peritoneal Cavity

[~ 10-yearald

[~ Syear-ald [ Spheres

[~ 1-yearold

[~ Newbom _ HeadModel |
[~ 3 manith pregnant woman KidneyModel |

[~ & month pregnant woman
[~ @ manth pregnant woman

36
N =10l x|
Main nput Form | Nuclde Input Form | Models Input Form | Kinetics Inpus Form | Help Form|
The d quantity of resi time was ing fo y . This was only a measure of the number of
disintegrations occurring in & source organ. This code works with the number of per unit activity
(uCHhriuCi or Bo-hoBa), either enmered directly, or as calculated from formulas. This Is o
times, but is perhaps easler o understand, You may also enter data from & kingtle model, irvolving values of activity and
halkIves, and fit thern o a funclion.
Entar the numhber of disintegrations for the source organs, or use some of the special options balow.
Mote: for the Tot BodyRem. Body field - enter value for Remn. Body if any other organ has been chosen.
Adrenals 0.0000 Ovaries. 0.0000
Brain 0.0000 Pancreas 0.0000 [ = =
et ek setup {stp)
Breasts 0.0000 Red Mar. 0.0000
58 Cont 0.0000 ConBong 0.0000 (® Bone Actrity on Bone Surfaces
LLI Cont 0.0000 TrabBone 0.0000
Sl Cont 0.0000 Spleen 0.0000 W I AT T
StomCont  [0.0000 Voiding Bladder Model |
ULl Cont 0.0000 Thiyraus 0.0000 1
et e | ICRP Gl Madel
HeartCon 0.0000 Thyrold 0.0000 [ =
Hiwall  [00000 UB Cont 0.0000 | Fractions and Hall-times
Kidneys 0.0000 Uterus 0.0000 ,—
— %m
Liver 0.0000 Fhdalatn
Lungs 0.0000 Show me some examples |
Muscle 0.0000 Tot BodyRem Body ID.UUOD
Clear AlData | |
137
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Acthvity(=A"exp(-aly+ B exp(-bl+ Cexpi-cl)

6.38%
6.38

4785

ERL]

Title:  [Liver

Time(H)  Obswd %10 Model 1D ModeVOby  Weight
83062 [5806+0 [575E+0 [G0iE

75061 [210E+0 [241E+0 [115E+0

1 50E+0[1.10E+0 [31161

B.28E-1

1
1
1
1

1000

1,65 hrs

Squared Ener =
R Squared -

1.37E-1
1.00E+0

Phys HalrLite (e = [34DE-1
Wum Disintegrations = [ 00F 1

Reration = [0_ af W Integral Stad Time = Ill
] Time = [43B300
Heart Contents. [ a[6.406-0
Heart vl — B »
: f

Iy

Data are ducay comected [

a
b
3

1.30E+0

OLINDA - Organ Level

WOTE: This code gives doses for stylized models of average individuals -
results should be applied with caution to specific subjecta.

[NOTE: Users should always carefully check input data (showm below) and
critically review the reported results.

Organ Doses (uSw/MBg), Wuclide: I-131 (8.0ZE0D day), Adult Male

Target Ocgan Alpha

Adrenals 0. 00E00D
(Brain 0.00E0DD
[Breasts 0.00E0DD
Gallbladder Wall 0.00E0DD
LLI Vall 0. 00E0DD
Small Intestine 0.00E0DD
Stomach Wall 0.00E0DD
ULI Vall 0.00E0DD
[Heart Wall 0. 00E0DD
Kidneys 0. 00E000

Liver

Beta Fhoton Total

@
o

8

EEEEEEEEY-E-F-)
Brosrmseean

)
WS e e
)

AEdagREade

-3

]

.

j=]

2
pENEEEERRRE
R - N1
mEbAEAERAE

gepeseesage

§

0.00E000
0.00E000
1.35E-02
0. 00E000
4. 22E-02
0. 00E0O0
0. 00E0OO
3.04E-02
4. 25E-02
0.00E00D
1.27E-01

¥, 2003)

Fi

Phantom organ masses (g) for the Adull Male

|

= Modifled by user

183 Adranals 943
14200 Brain 11200
380 Breasts 1200
105 wall  [30100
1870 LI wall 1830
[6770 smallintestne  [391
[1s80 stomachwall 09
7200 ULIWall 07
360 Hearwall 76
7880 Kidneys 790
19100 Liver [T
1000.0 Lungs 00
260000 Muscle 737000
871 Ovaries
AlphaWelght Factor  Beta Weight Faclor - Photon Welght Factar

Fancreas
Feed Mamow

Hit =ret= to see changes immediately, ar just DOME at end

Osteogenic Calls

Skin
Spleen
Testes
Thymus
Thyrold

Urinary Bladder Wall

iirus
Felus
Placenta
Tatal Body




TAELE 1
Pottion of Sample Dutpat from DLIMDAEXM 1.0

M, cisi
Crgen . Tetal in souros orgaca!
Adkeral: AmE+m 1.24E-01
Erain JL0E- 0 7.a2E-i2
Breasts .00E+00 722e-e2
Glllrkerd Jen wedl 2mErm0 1.esE—a1
Lowe: large intestine wall 2ooC+o0 10401
Small intocrine L.0E | oo 1.08E 01
Stermach wall 2.00E- 00 1.-1E—01
Upps lorge intesting wall 2.00E- 00 1.02E—01
Hesrtwall AmE+m a48E-02
Kidneys AmE+m 1.54E+00 A50E+00
Liver AmE+m 7.a2E-02 A.50E-01
Luwg AmE+m 1.83E-01 1.206+00
Musce 2L0E- B.84E—02
Crerlee JWE+ W 1.mE—u1
Paurses 2.00E+00 137E=01
Red rmarow 3000+ 00 1.600—01 1,500+ 00
Catcegenia odla L.0E | oo 2u7E o
Skn 2.00E- 00 8.00E 02
Spleen AmE+m 1.81E+00 2.20E+00
Testes AmE+m 842E-02
Thyrrus AmE+m 845E-02
Thiroid mE+m0 8.0k
Urinary bladder comerts 1.88E +00
Urnany bladder wall .00kE+00 1.8E-0 7o5E-01
ez JWE+ £ asE-ue 1.8E—u1
Tual budy 2.00E+00 441E-& 1.02E—01
Remeincar X

/MBq; nucids, ™ (2.12E0C deyl; aduft male.
TME-WNEq (WCHC).

Example Consider the following data set.

Time (hr) Activit (€]
0 100
0.5 72

1 85
2 24
4 20
6 LS}
0 12

-

42

Trapezoidal Method

A= (x;+ Xi+1)At
2

43
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Trapezoidal Method: Each interval is treated
separately, and the parts are added:

Al = (100 + 72) * 0.5/2 = 43 1, Ci-hr
= (72°+ 38 * 0.5 = 26.75 @I
A3 =(35+ 24)™uin@® = 29.5 ( CizlF
Ad = (24 + 20)5.2.0/12 =44~ @Bi-hi;
ASENP0 # THH@0/2 = 35 A=l
A6 = (15 glidis 4.0/2 =547 T0I-RP
Total =232 1 Ci-hr

44

Least Squares Analysis —

In general, the approach is to minimize the sum
of the squared distance of the data points from
the fitted curve. The curve will have the form:

A(t) = a; exp(-A;t) + a, exp(- At) + ...

Ay =204 2240
/ i 2

1 2

45

For the above example, a computer fit of the data
yielded the following fit:

A(t) = 18.6 exp(-0.039t) + 81.4 exp(-1.23t)

(Time was given in hours; therfore the units on
the rate constants are hr-1. The activity units are
« Ci.) The cumulative activity for this system,
integrating from zero to infinity, then is:

A= 18.6/0.039 + 81.4/1.23 = 477 + 66 = 543 4 Ci-
hr

46
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This does not agree well with the estimate
given by the trapezoidal method. The reason
for this is that this integration goes from zero to
infinity and the trapezoidal method estimates
cut off the integration at t=10 hours. Evidently,
a significant amount of the area under the
curve (about half!) exists beyond t=10 hours.
So this shows the importance of estimating the
area under the curve beyond the end of the
data set.

N =J.Ae‘a"tdt L RPN A xTy,
a; '
0 : 47

F1 F2

48

ch;t(t) = (Lo + L) R (1) + L, R (1)
d—Fét(t) = — L, F,(t) + (Lo, + L,)F, (1)

49
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In order to simplify the solution of this set of
equations, we will make some assumption
about the system we are trying to represent:

a) F;(0)=100 %, and F,(0)=0 % (all tracer in
container 1 at t=0)

b) (Log +Lpg) =Ly, and (Lop + Lyp) = Ly,

c) No losses from container 1 to environment,
ie.Ly; =0

This reduces eq. 1 and eg. 2 to the following:

Bl - L R0+ LR
dF(t)
> L,/ (1) + L,,F, (1)

50

51

M=(1/2)*[-(Ly;+L ;) + {(Lyg+L2)%-4(LygLl ooyl 21)}H? ]

General solution:

F.(t) = a;exp(mt) + byexp(m,t)
Fo(t) = aexp(mt) + bexp(m,t)

Specific solution:

Apply initial conditions and solve.

5T 29 T

=



Kinetic Models - Calculations

Example: A radiopharmaceutical labeled
with %¥™Tc has a 20% uptake in the liver and
a biological half-time of 12 hours. What will
be the number of disintegrations from an
administration of 20 MBq?

53

Kinetic Models - Calculations

111 T _TxTy
T. T, T T +T,
e:6h><12h:4h
6h+12h

54

Kinetic Models - Calculations

N =1.443x A;xT,,, =1.443x0.2x 20 MBg x4h =23 MBqg - h

. .
(23 MBq — h)| 2_Ba || Lds (3600 s]=8.3x101° dis
MBq Bg - s h

Rinse, lather, repeat.....repeat...... repeat

55
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Radiocontaminants in a radiopharmaceutical product

« 201T] chloride has been used in myocardial

imaging.

» The biokinetic model (ICRP 53) suggests

uptake and clearance functions for 17

separate organs.

e Formulations of 2°T| may also contain 2°°Tl|
and 292T]| as low level radioactive

contaminants.

56

Radiocontaminants in a radiopharmaceutical product

Dose (mMGy/MBQ)

Target Organ TI-201 TI-200 TI-202

LLI wall 2.24E-01 | 7.69E-02 | 3.10E-01
Small Intestine 3.05E-01 | 1.03E-01 | 4.13E-01
ULl Wall 1.86E-01 | 6.26E-02 | 2.52E-01
Heart Wall 1.83E-01 | 6.32E-02 | 2.42E-01
Kidneys 3.07E-01 | 1.03E-01 | 4.36E-01
Liver 4.31E-02 | 1.45E-02 | 6.09E-02
Ovaries 1.72E-02 | 5.28E-03 | 3.02E-02
Red Marrow 1.72E-02 | 5.28E-03 | 3.02E-02
Spleen 9.98E-02 | 3.22E-02 | 1.75E-01
Testes 1.57E-01 | 5.15E-02 | 4.55E-01
Thyroid 4.74E-01 | 1.55E-01 | 7.05E-01
Urin Bladder Wall 1.36E-02 | 4.25E-03 | 2.25E-02
Total Body 2.42E-02 | 7.65E-03 | 4.02E-02

If we consider a 2°1T| product that is
assumed to be 97% 291TI, 2% 2°°T| and 1%

202T| we need to add the dose contributions

from the primary product and the two
contaminants. Taking 0.97 times the value
in the first column, 0.02 times the value in

the second column and 0.01 times the value
in the third column, we obtain the estimates

for the product with contaminants:

57 31 I
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Dose

Target Organ (mGy/MBQ)
LLI Wall 2.22E-01
Small Intestine 3.02E-01
ULI Wall 1.84E-01
Heart Wall 1.81E-01
Kidneys 3.04E-01
Liver 4.27E-02
Ovaries 1.71E-02
Red Marrow 1.71E-02
Spleen 9.92E-02
Testes 1.58E-01
Thyroid 4.70E-01
Urin Bladder Wall 1.35E-02
Total Body 2.40E-02 -

Urinary Excretion

One of the more difficult organs to model from a
kinetic standpoint is the urinary bladder.

Material in the blood is being constantly passed
through the kidneys, where 2 processes, glomerular
filtration and tubular excretion, extract certain
substances and concentrate them in a fluid that
passes into the urinary bladder, which is a hollow
organ.

Periodically, when a significant amount of fluid has
accumulated, the bladder is emptied, and the
process of filling begins again.

60

Urinary Excretion

Material leaving the body is most often governed by
first order processes, which mean that the retention
(in the body) can be expressed as a function such
as A*exp(-A t).

Therefore, the time-activity curve for the bladder
takes the form of A*(1 - exp(-A t)).

BUT the curve is periodically interrupted by voiding
and goes to zero (or nearly zero) and then begins to
accumulate again:

61
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(4 - exp(-At

o

=
o
g o1
>
= ’J\ _A
g 0.01 o

0.001 T T T T

0 10 20 30 40 50
Time (hr) —
—e— Without voiding

62

Urinary Excretion

e

- It is not possible to accumulate enough data to
characterize the real curve (with voiding); what is
needed is a characterization of the values A and A
(in real situations there may be more than one term
in the equation, but for now, let’s just consider one).

- In a particularly ingenious derivation, Walt Snyder
and colleagues (Cloutier et al. 1973a) showed that
the number of disintegrations occurring in the
bladder could be given in such cases by a single
equation:

e

63

Urinary Excretion

1_ e—/iiT 1_ e’(ii+'1p)T 1
= AOZ fi P T ST, )T
i it Ay ([ Sgepet e

+ Here, A, is the initial activity entering the body, %,
is the physical decay constant of the radionuclide,
A; is the biological removal constant for the fraction
of activity f; leaving the body via the urinary
pathway, and T is the bladder voiding interval,
assumed to be constant.

64
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Urinary Excretion

< If we have all the activity in the body passing out
through the urinary pathway with a 1 hour half-time,
for example, our f would be 1.0 and A would be
0.693/1 = 0.693 hr1.

< Let's say we have 40% passing out through the Gl
tract, and 60% through the urinary pathway, with half
of the urinary clearance having a half-time of 1 hour
and half with a half-time of 10 hours.

« Then f; would be 0.3 and %, would be 0.693 hr?, and
f, would also be 0.3 and Xy, Would be 0.0693 hr-t.

65

Dynamic Bladder Input Form ll

~ Model Parameters -
Enter the model [max 4

) Biological
Fraction Hall-Time [hi]
Bladder Voiding

| Interval (he)

|
= S
| L 1

(1] 4 | l:med|
S
a-

TB;

Npg = j Arg e ™' dt = - =1.443x Arg Xy
0

Ngg =N _Z N organs

66

Gastrointestinal (Gl) Excretion

< The dosimetric model for the gastrointestinal tract
(Gl tract) given in ICRP 30 (ICRP 1979) is a very
simple, straight-through, four-compartment model.

< The four sections are stomach, small intestine,
upper large intestine, and lower large intestine,
sometimes abbreviated ST, S, ULI, and LLI,
respectively.

< The sections of the Gl tract are treated as

separate target tissues according to the
recommendations in the ICRP dosimetric system

67
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Mean time = 1 hr

Mean time =4 hr

Upper Large
Intestine (ULI)

huu Mean time = 13 hr
Lower Large i
Intestine (LLI)
A Mean time = 24 hr
LLI T WSS

W ;’;\ 7 7. A:\
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America's Best Hospitals: the 2009-10 Honor Rall

They'rethebest of the best—the 0.4 percent of all hospitals with high scoresin 6 or
mor e specialties

By Avery Comarow
Posted July 15, 2009

America's Best Hospitals, an annual ranking of the country's elite medical centers, isatool for
patients who need medical sophistication most facilities cannot offer. Unlike other rankings and
ratings that grade hospitals on how well they execute routine procedures like outpatient hernia
repair or manage common conditions like low-grade heart failure, the U.S. News approach looks at
how well a hospital handles complex and demanding situations—replacing an 85-year-old man's
heart valve, diagnosing and treating a spinal tumor, and dealing with inflammatory bowel disease,
to name three examples. High-stakes medicine.

Click to view video.
People Who Read This Also Read

New Hospital Rankings From 'U.S. News
Eat Less Food and Play More Bridge
Americas Best Hospitals

Best Children's Hospitals Honor Roll

Best Hospitals Honor Roll

Fecommendations by loomila

This year, the 20th for Best Hospitals, institutions are ranked in 16 specialties, from cancer and
heart disease to respiratory disorders and urology. A total of 4,861 hospitals were considered; 174,
or lessthan 0.4 percent of the total, were ranked in even one of the 16 specialties.
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In 12 of the 16 specialties, those in which quality of care can spell life or death, hospitals were
scored on reputation, death rate, patient safety, and care-related factors such as nursing and patient
services, the 50 highest scorers were ranked. Scores and complete data for unranked hospitals are
available as well. In the other four specialties—ophthal mology, psychiatry, rehabilitation, and
rheumatol ogy—hospital s were ranked on reputation aone, because so few patients die that
mortality data don't mean much.

Here are afew of the details. Reputation, which counted as 32.5 percent of the score, was based on
three years of specialist surveys—atotal of almost 10,000 physicians were asked to name five
hospitals they consider among the best in their specialty for difficult cases, without taking into
account cost or location. A mortality index, aso 32.5 percent of the score, indicates a hospital's
ability to keep patients with serious problems aive. Patient safety, new this year, made up 5 percent
of the score; it indicates how well a hospital minimizes harm to patients. And a group of other
care-related factors, such as nurse staffing and availabl e technology, accounted for the remaining 30
percent.

Of the 174 hospitals that are ranked in one or more specialties, 21 qualified for the Honor Roll by
earning high scoresin at least six specialties. This demonstrates unusual breadth of excellence.
Johns Hopkins Hospital topsthe list, asit has every year from 1991 on. (The Mayo Clinic was No.
1in 1990, Best Hospitals first year.)

Hospitals are listed by total points. A hospital got 2 points if ranked at or closeto thetopina
speciaty and 1 point if ranked dightly lower.

Rank Hospital Points Specialties
1 JohnsHopkins Hospital, Baltimore 30 15
2 Mayo Clinic, Rochester, Minn. 28 15
3 Ronald Reagan UCLA Medical Center, Los Angeles 26 15
4  Cleveland Clinic 26 13
5 Massachusetts General Hospital, Boston 25 13
6 New York-Presbyterian University Hospital of Columbia and 24 13
Cornell
7 Univerdgity of California, San Francisco Medical Center 21 11
8 Hogpital of the University of Pennsylvania, Philadelphia 19 12
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10
10
12
13
14
15
16
17
17
19
20
21

Bar nes-Jewish Hospital/Washington University, St. Louis
Brigham and Women's Hospital, Boston

Duke University Medical Center, Durham, N.C.
University of Washington Medical Center, Seattle

UPM C-University of Pittsburgh Medical Center
University of Michigan Hospitals and Health Centers, Ann Arbor
Stanford Hospital and Clinics, Stanford, Calif.
Vanderbilt University Medical Center, Nashville

NYU Medical Center, New York

Yale-New Haven Hospital, New Haven, Conn.

Mount Sinai Medical Center, New York

Methodist Hospital, Houston

Ohio State University Hospital, Columbus
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