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Abstract of Thesis
Four-dimensional flow magnetic resonance imaging (4D flow MRI) is a non-invasive

method that is capable of measuring in-vivo flow velocity maps. The 4D flow MRI supplies time
series of velocity components of three directions (superior-inferior, anterior-posterior, left-right)
during the cardiac cycle, and enables flow visualization, recording, and measurement of
cerebrospinal fluid (CSF) flow in the intracranial regions. However, there is still no consensus
about the usage of 4D flow MRI for analyzing slow flow like CSF in clinical applications. Eddy-
current-based phase offset error is one of error sources which are causing non-negligible artifacts
in CSF flow visualization by 4D flow MRI. Since 4D flow MRI is a unique tool for
understanding CSF pathophysiology for the management of diseases, this study considers an
approach for correction of eddy-current-based phase offset errors in the CSF flow velocity map
and aims to objectify 4D flow MRI data processing for CSF analysis.

In the study, a correction method for the eddy-current-based phase offset error in 4D flow
MRI images was presented. The phase offset errors were assumed to be constant in time and
smoothly distributed in space following existing studies and the spatial distribution of the phase
offset errors was modeled as the second-degree polynomial function using robust regression
analysis. Flow velocity maps were corrected by the estimated phase-offset errors which were
obtained by robust regression analysis. The method was applied to the CSF flow maps of 9
idiopathic normal pressure hydrocephalus (iNPH) patients and 9 healthy subjects’ data obtained
by 4D flow MRI. The residual standard errors between original data and the estimated phase-
offset errors were less than 1.7 mm/s for each case. As a result, significant differences were found
at peak diastolic flow rates between iNPH patients and healthy cases. It was concluded that this
study provided an approach to the correction of eddy-current-based phase offset errors for

enabling more robust and advanced CSF studies.
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