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Currently, the monitoring of the hemodynamics of the brain is being implemented by
neurosurgeons of the National Medical Research Center of Academician E. Meshalkin in
collaboration with colleagues from the Lavrentyev Institute of Hydrodynamics.

This material, which is unique in the world practice, made it possible to approach the
construction of a mathematical model of hemodynamics.

As the model, the nonlinear oscillator equation was chosen. In this equation, the velocity
is a “governance” function (the right-hand side of the equation), and the second-order
differential operator acting on the pressure. The “blood flow — vessel — brain substance”
system is nonlinear and has both elastic and damping properties, for this reason the
model of generalized Van der Pol-Duffing equation was suggested to identify the
characteristic behavior of hemodynamic parameters in the surroundings of vascular
pathologies. Equation coefficients characterize individual living system of the patient,
the measurement location, the presence of anomalies. The coefficients of this equation
are individual for each patient.

We solve coefficient inverse problem to determine the coefficients of this model by
known clinical intraoperational data. This model adequately describes the behaviour of
hemodynamic parameters.

We investigate and construct numerical method for solving the coefficient inverse
problem for essentially nonlinear ODE by clinical data of neurosurgical operation.
We recover the coefficients by clinical data obtained during neurosurgical operation in
vicinity of arterial aneurysm, that a pathological enlargement (dilation) of the artery.
The proposed model and the method for solving the inverse problem together allowed
us to restore the behavior of pressure in the vicinity of intracranial vascular pathology,
having data on the blood flow velocity in the “real” time. Investigation of the dependence
of pressure on velocity in blood vessels is of great practical importance, since there
are currently non-invasive methods for measuring speed (tomography, ultrasound), but
no non-invasive methods of measuring pressure. At the same time, information about
pressure is important.

We study the relationship between the properties of this equation and the state of the
vascular bed.
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