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1. Introduction 

With phase-contrast magnetic resonance imaging (PC-MRI), it is possible to measure blood flow in vivo. Besides the three 

velocity components, it has also been shown that the turbulent kinetic energy can obtained [1]. The spatial resolution of flow 

measurements is typically on the order of millimetres, while the temporal resolution is on the order of 20-40 milliseconds. In 

addition to the relatively low resolution (15-20 voxels over a typical aortic diameter), partial-volume effects close to the 

arterial wall can have a detrimental effect on the flow measurement. In order to obtain high-resolution MRI-data, naïve 

interpolation between measurement points will not reproduce small flow scales, but instead introduce unphysical flow 

features and violate conservation of mass and momentum. To overcome this, and obtain high-resolution MRI-data, we here 

present a new method of obtaining a high-resolution flow field from PC-MRI-measurements using the governing flow 

equations to fill in the gaps, while at the same time obey the laws of physics. 

 

2. Method 

The Navier-Stokes equations are the governing equations for any flow field and completely describe 

the fluid flow. They can be used to compute the flow field inside large vessels using 2D PC-MRI data 

as inflow boundary conditions [2]. This approach, computational fluid dynamics (CFD), may become 

inaccurate due to sensitivity to uncertainties in boundary conditions and unavoidable modelling 

assumptions in the numerical algorithms, which makes its use challenging for complex flow fields due 

to e.g. diseases. We developed a new technique, which utilizes the full potential of 4D flow MRI, 

where internal conditions are used together with standard boundary conditions. These internal 

conditions are based on the 4D PC-MRI measurement and act as momentum sources or sinks. In this 

study, this approach was tested on a part of the abdominal aorta with a renal artery, see Figure 1. The 

time-resolved 3D velocity field and anatomy were measured using a 1.5 T Philips Achieva MRI 

system. From this measurement, a time-resolved 3D high-resolution velocity field was computed using 

the proposed approach. For comparison, a conventional CFD simulation was performed, utilizing 

solely the inflow boundary condition from PC-MRI. The simulation software was Ansys CFX 14.5. 

 

3. Results 

Initial results are presented in Figure 2, where it can be seen that the MRI-enhanced CFD simulation with internal conditions 

agree better with the MRI simulation compared with the standard CFD simulation that only used MRI-data as boundary 

conditions. 

 

4. Discussion 

The initial results show that the method may allow for enhancement of time-resolved 3D flow MRI data and yields the 

expected effects. The MRI-enhanced flow field corresponds to the MRI-measured flow, while the conventional CFD 

simulation gives a somewhat different velocity distribution. In addition to the enhanced MRI-data, flow parameters such as 

wall shear stress, which is very sensitive to the near-wall resolution as it depends on the velocity gradient at the wall, can 

easily be computed directly from the PC-MRI data without any assumptions on the velocity profile. This study shows the 

potential of this approach for PC-MRI, but may also be used in combination with other imaging techniques such as 

ultrasound Doppler. Further research is necessary to extend and evaluate this approach for other geometries, noisy data, data 

with artefacts due to e.g. the present of prosthetic devices, and turbulent flow. 
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Figure 1:  
Surface of the 

artery in the study. 
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Figure 2: Cross-section of the artery just proximal the branching renal vessel (see Figure 1), color showing velocity 

magnitude at peak flow rate. Left: MRI measurement, middle: MRI-enhanced CFD simulation, right: conventional CFD 

simulation. 


