Building a model

Here it is shown how can built and solved a compartmental model.

Compartmental Modv

Constant Coef.  Variable Coef.  Parameters fits.

Consider as an example the case of 18F-FDG (fluorodeoxyglucose) used for positron emission
tomography (PET) scan.
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Figure 1.- 18F-FDG compartmental model described in described in EURADOS-Report-2021-04: W.
Li, D. Broggio, A. Giussani, T. Vrba, K. Hiirkamp, A. Kamp, D. NoRke, L. Struelens, P. Covens: “EURA-
DOS Intercomparison on Compartmental Model for 18F-FDG Developed by Hays and Segall”,

Neuherberg, July 2021. DOI: 10.12768/zz8y-xw93. (https://eurados.sckcen.be/sites/eurados/files/u-
ploads/Report-Publications/Reports/2021/EURADOS-Report-2021-04.pdf)

= The rate transfer (k; ;) from compartmentito compartment j (EURADOS-Report-2021-04 for
Geometric mean values) in min~ are:

in[-]:= ratetransferGM =
{{1, 2, 4.07}, {2, 1, 7.35}, {1, 3, 0.0085}, {1, 4, 0.052}, {4, 1, 0.1},
{4, 5, 0.042}, {5, 4, 0.0055}, {1, 6, 0.099}, {6, 1, 0.115}, {6, 7, 0.059},
{7, 6, 0.0066}, {1, 8, 0.348}, {8, 1, ©.097}, {8, 9, 0.015}, {1, 10, 0.038},
{10, 1, ©.186}, {10, 11, ©.006}, {1, 12, 0.003}, {1, 13, 0.0016}};
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in[-]:= TableForm[ratetransferGM]
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» The half - life (for *¥F=109.77 min~*
decayconstant = Log[2] /109.77;

Example : Injection of 1 Bq in compartment 1 (Blood) at =0, being 0 in the rest of compartments
the initial condition.

m Then theinitial condition is:
initialcontidion = {1, @, @0, 0, 0, 0, 0, ©, O, O, O, 0, 0};

m Input function in each compartment for t > 0 (Note that you can used other kind of inputs such
us: {3 Exp[-0.3],0,0,0,0,0,0,0,0,0,0,0,0}:

inputs = {0, @, ©, @, ©, ©, 0, ©, 0, ©, 0, O, 0};

m Times ti to compute the accumulated disintegrations in each compartments (in this caseisin
min to match with the kj values):

times = {0.1, 1.0, 10, 100, 1000};
To solve the problem these data are given as input at :

http://oed.usal.es/webMathematica/Biokmod/ -»Compartmental-> Mod—Constant Coef.

http://oed.usal.es/webMathematica/Biokmod/biokmodl.jsp

m |[nput



Select time unit used for t ( decay constant, rate transfer coeffs (kij), representations, ...) :
Rate transfers amongs compartments:

{{1, 2, 4.e7}, {2, 1, 7.35}, {1, 3, 0.0085}, {1, 4, 0.052}, {4, 1,
0.1}, {4, 5, 0.042}, {5, 4, ©.0055}, {1, 6, ©.099}, {6, 1, ©.115}, {6,
7, 0.059}, {7, 6, 0.0066}, {1, 8, 0.348}, {8, 1, ©.097}, {8, 9,
0.015}, {1, 10, 0.038}, {le, 1, 0.186}, {le, 11, ©.e06}, {1, 12,
0.003}, {1, 13, 0.0016}}

Number of compartments: I 13 ] Decay constant: I Log[2]/109.77 ]

Initial conditions at time t= 0:| {1, 0, 0,0, 0,0, 0,0,0,0,0, 0, 0} |
Input function in each compartment:‘{O, 0,0,0,0,0,0,0,0,0,0,0, 0}

All values of this field must be {0,.., 0} if it is an impulsive single-input, because the inputs are the initial conditions.
Time t to evaluate the content in each compartment (i.e.: t or {5, 20, 30}) : | t

Range of t to be plotted: From t-min [ 0 ] to t-max I 500 ‘

Time t to compute the acumulated disintegrations in each compartment : [{0.1 , 1.0, 10, 100, 1000} ]

Evaluate

= Qutput

Differential equation

x1(f) = —4.62641 x1(t) + 7.35 x2(£) + 0.1 x4(¢) + 0.115 x6(¢) + 0.097 x3(f) + 0.186 x10(1) -

X2'(f) = 4.07 x1(f) — 7.35631 x5(f) + 0.

x3'(f) = 0.0085 x1(f) —0.00631454 x3(f) + 0.

x4(f) = 0.052 x1(f) — 0.148315 x4(f) + 0.0055 x5(¢) + 0.
X5'(f) = 0.042 x4(f) — 0.0118145 x5() + 0.

X6'(f) = 0.099 x1(f) — 0.180315 x4(f) + 0.0066 x7(f) + 0.
x7'(f) = 0.059 x4(f) — 0.0129145 x7(f) + 0.

x8'(f) = 0.348 x1(f) — 0.118315 xg(t) + 0.

Xg'(f) = 0.015 xg(f) — 0.00631454 xo(f) + 0.

X10'(f) = 0.038 x1(£) — 0.198315 x19(5) + 0.

x11(f) = 0.006 x10(f) — 0.00631454 x11(¢) + 0.

X12'(f) = 0.003 x1(f) — 0.00631454 x15(f) + 0.

x13'(f) = 0.0016 x1(f) — 0.00631454 xq3(f) + 0.

x1(0)=1
x(0)=0
x3(0)=0
x4(0)=0
x5(0) =0
x6(0) =0
x7(0) =0
xg(0) =0
X9(0) =0
x10(0)=0
x11(0)=0
x12(0)=0
x13(0)=0

= Compartment content (Bq).

The solution are the impulse response functions because it has been used a single input 1,
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= Time activity curves (TAC)

Note The graphic represents the fractional activity in each compartment because it has been used a
single input 1,
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Note. Here is included in column 1 the Time integrated activity coefficient’s (TIAC) because it has
been used a single input 1. TIAC = TIA (1000 min)/60 (min/h)

TIAC (h) 0.1 min (Bgs) 1. min (Bgs) 10. min (Bgs) 1000. min (Bgs)

1 0.135768 5.00566 33.5678 145.058 488.735
2 0.075116 0.847719 16.4691 79.6844 270.4

3 0.182758 0.0022443 0.156605 7.70174 655.656
4 0.0548293 0.0136632 0.911708 29.2373 197.364
5 0.194915 0.0000197018 0.0136944 5.22847 701.431
6 0.0895101 0.0259842 1.71676 50.8097 322.201
7 0.408926 0.0000526472 0.0363174 13.0179 1471.67
8 0.399337 0.0915322 6.16497 213.987 1437.51
9 0.948613 0.0000471319 0.0330307 13.5712 3402.56
10 0.0260152 0.00996758 0.654882 18.4878 93.6485
11 0.0247193 2.05446 x10°© 0.00141359 0.498234 88.6725
12 0.0645027 0.000792104 0.0552724 2.71826 231.408
13 0.0344014 0.000422456 0.0294786 1.44974 123.418

These values are in agreement with EURADOS Intercomparison on Compartmental Model for 18 F -
FDG Developed by Hays and Segall. (Table2



