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M odel equations for parallel compartmental model with additional
loss rate constant

This document describes the mathematical equations needed to simulate the PET
time-radioactivity concentration curves in compartmental model which has one
central tissue compartment, two parallel compartments attached to it, and possible
loss from one of parallel compartments directly to venous plasma. The approach of
Kuwabara et al. [1] is used for partial solutions of the differential equations.

The compartment for arterial plasma (or blood, depending on the specific model), and
the first tissue compartment are represented by Ca and Cy, respectively. Parallel tissue
compartments C, and C3 are attached to C,, and there is an additional lossrate
constant, kioss, representing loss from Cs to venous plasma (blood) directly, without
passing through compartment C;. The differential equations describing the
concentration changes in the compartments can be written as:

dC,(B)/dt = k,C(T) - (k, +k; + ks )Cu(T) +K,C, (T) +k,Cy(T) (A
dCz (t)/dt = k3C1(T) - k4C2 (T) (AZ)
dCa(t)/dt = kSCl(T) - (ks + k|0$ )Ca (T) (A3)

The integrated forms of Egs. (A.1-A.3) are:

C,/(T) = lec‘ﬁA(t)dt - (k; + kg + )Tc‘ﬁl(t)dt + k4Tc‘$2 (t)dt + ks Tfﬁa(t)dt (A4)

C,(T) = kaTc\pl(t)dt -k, T(‘PZ (Hat (A5)
Cs(T) =ks TC‘Pl(t)dt - (ke + Kios )TC\Pa (t)dt (A6)

The Egs. (1), (8) and (11-13) apply also to this situation. Because of additional loss
rate constant, equations (9) and (10) now have to be written as.

dCy (t)/dt = K CA(T) - K,Cy(T) - KiessCs(T) (A7)
Cr(T) =k Ca(®)dt - ky, (2, (1)dt - Ko (s (D)t (A8)

Substitutions of Eq. (12) into Egs. (A.5) and (A.6), with rearrangements, give the
concentrations of the second and third tissue compartment:
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Substitutions of Eqg. (13) into Egs. (A.5) and (A.6), give the integrals of
concentrations of the second and third tissue compartment,

. 35 cpl(t)dt+ d;z(t)dt +— C ,(T - Dt)
F.(t)dt = 0 (A9)
0 1+—k
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. 55 cpl(t)dt + cpg(t)dt +— C 5(T - Dt)
Oes(Ddt = 0 (A10)
0 1+?(k6 + kI0$)

which can be substituted into Eqg. (A.1), and with the help of Eq. (12), the
concentration in the first tissue compartment can be calculated:
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