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Estimation of Permeability using MRI and Simulation of
Contrast agent Crossing from Abnormal Blood Brain Barrier

E. Yahaghi, H. Soltanian-Zadeh, M. Shahriari, N. Fatouraee, J. Ewing
ABSTRACT

This work proposes a statistical approach for estimating blood brain barrier permeability. The
statistical model simulates crossing of contrast agent according to permeability and lesions of blood brain
barrier (BBB). It considers crossing of contrast agent through the capillary and BBB as intrinsically
statistical processes and simulates it by Monte Carlo method. We extract real arterial input function (AIF)
from magnetic resonance images (MRI) and consider it as input to the model. We then derive the
concentration of contrast agent as a function of time in the extravascular space for abnormal capillary and
different permabilities. Next, the real data is extracted from each pixel of rat brain. The curves of
simulated and the real data of rat brain are compared and permeability map of rat brain is obtained. The
results of analytical method are compared to Monte Carlo simulation results. Because of error,
permabilities estimated by the two methods are different. The advantages and error source of each method
are explained. The main advantage of Monte Carlo simulation is its use of real data directly. It does not
need curve fitting to real data, therefore, it is accurate and easy to use.
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