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Introduction
In clinical practice, ultrasound is often used as a non-invasive 
method to obtain local information on vessel walls and blood 
flow in vessels. Both flow and pressure waveforms can be 
assessed by ultrasound. Flow can be determined from 
measurements of the velocity profile and pressure can be 
assessed from distension waveforms and  pulse wave 
velocity. Simultaneous measurement of flow and pressure 
waveforms enables the determination of global conditions of 
the vascular tree. 
Vessels can be slightly curved causing asymmetric velocity 
profiles (figure 1), which results in an inaccurate assessment 
of flow through the vessel.

Figure 1 Computations indicate  the asymmetric velocity profiles 
occurring in a weakly curved vessel (r = 3.6 mm, δ = 0.03). 

Aim
Estimate the 3d shape of a vessel from the asymmetry of 
velocity profiles over time, with the aid of analytic and/or 
numeric models. Together with the wall motion this 
knowledge will be used to derive the pressure distribution, 
flow velocity and wall shear rate in curved and tapered 
vessels from local properties that can be assessed using 
ultrasound

Phantom setup
Ultrasound measurements are performed in a phantom setup. 
The phantom setup exists of a computer controlled pump 
which pumps fluid through a polyurethane tube terminated by 
a Windkessel model (figure 2). Small gas bubbles, created by 
electrolysis, are used as scatterers for the ultrasound.  Flow 
and pressure are monitored simultaneously. 

Figure 2 Schematic overview of the phantom setup

Velocity estimation
Currently, velocity is determined by Doppler ultrasound. To 
enable simultaneous assessment of flow and wall motion by 
making use of a linear array ultrasound probe, positioned 
perpendicular to the vessel, a new algorithm is being 
developed. Blood flow velocity is determined by applying a 
2d cross correlation algorithm to the raw ultrasound data 
(figure 3).

Figure 3 Schematic overview of the cross correlation algorithm

In figure 4 a measurement of the centerline velocity in the 
phantom setup is presented

Figure 4 Centerline velocity assessed using the cross correlation 
algorithm

Computational modeling
A computational model will be used to relate the core 
velocity profiles measured by ultrasound to the total flow 
(figure 5).

Figure 5 Relate core velocity profiles to total flow

The computational model solves the instationary Navier 
Stokes equations for a specific input geometry with flexible 
walls using a finite element method. 

Results and future work
Preliminary results using the cross correlation algorithm look 
promising but have to be evaluated in the phantom setup.
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