
annUal COngRESS OF ThE EUROpEan aSSOCIaTIOn OF nUClEaR MEDICInE 

44

Ab
str

ac
ts

8c

Compartmental modeling
A. Buck (Zurich)

In this seminar tracer kinetic modeling is illustrated in 2 areas: the determination of cerebral blood flow 
(CBF) and in the field of neuro receptors. 

Model for the calculation of cerebral blood flow

The basis of the calculation of the CBF measurements is the one-tissue compartment model including 
a partition coefficient (p) for H2

15O. The change of the radioactivity concentration in tissue Ct is then 
defined by the following differential equation

dCtiss/dt=CBF(Ca(t)-Ctiss(t)/p) (1)

where Ca is the arterial tracer concentration and p is the tissue partition coefficient, e.g. that fraction of 
tissue that is permeable for H2

15O. In this configuration Ctiss is the concentration of H2
15O in 1 ml of brain 

and it is assumed that H2
15O immediately reaches a homogeneous concentration in permeable space and 

no division into a vascular and a tissue compartment is necessary. The analytical solution of (1) is 

Ctiss=CBF exp (-CBF/p t) 

€ 

⊗  Ca (2) 

where 

€ 

⊗  signifies mathematical convolution. 

Equation (2) can then be fitted to the data using least squares fitting (Marquardt algorithm). However, 
one has to consider a typical complication. The input curve as measured in the radial artery is not the 
same as in the brain, the difference being dispersion and delay. The measured radial input curve has 
therefore to be corrected for these two parameters. One possiblity for a correction is implemented in 
PMOD and will be demonstrated. Furthermore, one would like to produce parametric maps of CBF. For 
this purpose pixel-wise least squares fitting is inefficient. One more efficient alternative is the integral 
method developed by Alpert et al [1]. 

Another disadvantage of the presented method is the need for an arterial input curve, which is somet-
himes inconvenient to obtain. We developed a method using a standart input curve and which derives 
the quantitative values for CBF from the washout of H2

15O [2].

Models and Parameters for Receptor Modeling

Tracer kinetic modeling in the field of neuroreceptors is often performed using the models containing 
1 or 2 tissue compartments. Tracer exchange between the compartments is described by the rate con-
stants K1-k4 in the two-tissue compartment model and by K1-k2 in the one-tissue compartment model. In 
addition, the contribution of the intravascular activity is taken into account in the equation describing 
the activtiy in a volume of interest. Receptor related paramters are rate constant k3 in the two-tissue 
compartment model, or volumes of distribution. 

In the two-tissue compartment model it is assumed that compartment C1 represents free+non-specific 
binding and C2 represents specific binding to receptors. However, this assumption has to be verified for 
each each tracer. In general the compartments do not per se correspond to biological or anatomical 
compartments but represent kinetic cells in which the tracer behaves similarly. If the kinetics between 
differents cells is sufficiently fast, the separation of the cells becomes impossible and the number of 
compartments has to be reduced. For instance, if k3 and k4 are large enough, model B must be reduced 
to model A. In this case the only parameter related to receptor density is DVtot (=K1/k2).

In a specific example it will be demontrated how the above models can be used to determine receptor 
occupancy by a specific drug.  
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