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Introduction

Phase-Contrast (PC) MRI is a non-invasive technique used for quantification and characterization of blood and CSF flow. 4D PC-MRI method allows
acquiring a volume with its flow velocities in the 3 spatial directions during different phases of the cardiac cycle [1]. The aim of this study is to present
an homemade software able to analyse 2D and 4D PC-MRI acquisitions with automatic flow segmentation dedicated to arterial and veinous blood and
CSF flow, in order to reconstruct flow curve along the vessel selected.

2D PC-MRI
Figure 1 shows a axial slice from 2D CINE
PC-MRI in cervical level. The velocity
encoding is set at 80cm/s to study arteries
and veins. The spatial resolution is set at
0.5x0.5x2mm3 and the acquisition time is
2min30. A ROI is selected and external
carotid artery, internal carotid artery and
internal jugular vein are segmented with
an algorithm based on the Fast Fourier
Transform (FFT). The flow through these
vessels is quantified along the cardiac
cycle. And it is shown on the graphic.

Figure 2 shows the same slice as figure 1 but with a velocity
encoding set at 5cm/s, because the velocity of the CSF flow
is lower than the blood flow in carotids.The spatial resolution
is set at 0.5x0.5x2mm3 and the acquisition time is 2min30 In
the same way, a ROI is placed and the vessel is segmented
to quantify the flow along the cardiac cycle. The graphics
show the CSF flow during one cardiac cycle.

4D PC-MRI

An acquisition of the carotid bifurcation is performed on a 4D
PC-MRI sequence, acquisition parameters are set with
spatial resolution = 1x1x1mm3 velocity encoding = 60cm/s
and for an acquisition time at 20min.

In figure (a) it is possible to observe carotid bifurcation,
amplitude and phase images in all three velocity directions.
On the bottom right the graphic shows the velocity curves
along a cardiac cycle for each velocity direction in a pixel
(blue point).

Figure (b) shows the 3D representation of the carotid
bifurcation given by the vessels segmentation. A slice is
placed perpendicular to the external carotid artery.
Then, images are reconstructed based on the position of the
plan,figure (c).

Finally, the quantification of the flow in the vessel is
performed and the flow curve during one cardiac cycle is
display on figure (d).

Steps of the software

I Initially DICOM data is loaded and the Vx, Vy, Vz velocities volume and amplitude volume as function of time are organized.
I A new volume in function of amplitude velocities is constructed and the value of each voxel is obtained by ||V4D|| =
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I Venous and arterial blood and CSF flow are synchronized with the cardiac cycle. Based on that physiological property a semi-automatic segmentation
is developed using the FFT of the evolution of the velocity in each voxel [1].

I From the amplitude spectrum it is possible to differentiate pulsatile flow from noise ; and with the phase information, venous and arterial blood and CSF
flow can be classified.

I Then, a new volume is reconstructed and is merged with a morphological angiography.
I A cursor allow to place a perpendicular plan to the selected vessel and then the flow curve of that vessel can be reconstructed along the cardiac cycle.

Conclusion

In conclusion, in less than 1 min this software allows to segment and to classify venous and arterial blood and CSF flow. And that it is possible to
reconstruct a morphological volume providing flow curves of the segmented vessels. Also the flow curves given by the segmentation in 4D PC-MRI
have an accuracy less than 10% in comparison to the 2D PC-MRI reference values.
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