
 

 

 University of Groningen

Hemodynamic analysis based on biofluid models and MRI velocity measurements
Nolte, David

DOI:
10.33612/diss.95571036

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2019

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Nolte, D. (2019). Hemodynamic analysis based on biofluid models and MRI velocity measurements.
[Thesis fully internal (DIV), University of Groningen]. Rijksuniversiteit Groningen.
https://doi.org/10.33612/diss.95571036

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 25-05-2023

https://doi.org/10.33612/diss.95571036
https://research.rug.nl/en/publications/414fa590-b94e-40ec-8c57-f880125767c7
https://doi.org/10.33612/diss.95571036


Appendix A

Summary

For the diagnosis, treatment planning and post-surgical monitoring of cardiovas-
cular disease (CVD), hemodynamic markers have proven to be of great utility. How-
ever, non-invasive assessment of the hemodynamics of a patient is still a challenge.
Phase-contrast magnetic resonance imaging (PC-MRI) can measure the distribution
of blood velocity along two-dimensional planes or in three-dimensional volumes and
is limited in accuracy mainly by the image resolution and noise. The local variation
in the blood pressure cannot be measured non-invasively, but is required in the clin-
ical practice to evaluate CVD. Other hemodynamic quantities, such as the arterial
wall stiffness or wall shear stress can also be relevant as diagnostic quantities and
for understanding the onset of CVD, but are not observable with imaging techniques.

This thesis approaches the topic of patient-specific hemodynamics on three dif-
ferent paths.

In Chapter 2 of this thesis a method was presented to improve the accuracy of
hemodynamic data recovery from partial 2D PC-MRI measurements by means of
solving an inverse problem of the Navier–Stokes equations of fluid flow. Vessel ge-
ometries extracted from MRI or CT images are affected by errors due to noise, arti-
facts and limited image resolution. Small errors in the geometry propagate into the
recovered data and lead to large errors in the solution when standard no-slip bound-
ary conditions are used on inaccurately positioned walls. The core idea of this work
was replacing no-slip boundary conditions at the arterial walls by slip/transpiration
conditions with parameters which were estimated from velocity measurements. Nu-
merical results of synthetic test cases showed an important improvement in accuracy
of the estimated pressure differences and the reconstructed velocity fields.

In Chapter 3 a comparison study of different direct pressure gradient estimation
techniques was presented. These methods compute relative pressure fields directly
from 3D PC-MRI data. The new Stokes estimation method (STE) by Švihlová et al.
[Švi+16] was applied for the first time to real phantom and patient data. In com-
parison to the classical Poisson pressure estimation method (PPE), the STE method
proved more accurate and more robust to noise and the image segmentation in most
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cases.
Chapter 4 was dedicated to a numerical validation of the new MAPDD model

[Ber+19] for a domain decomposition reduction of vascular networks. This approach
considers the vessels as a network of thin pipes in which the flow has the shape of
a Womersley flow, connected by arbitrary 3D junction domains where the flow is
governed by the Navier–Stokes equations. In the MAPDD model, the thin pipes
are replaced by coupling conditions on the junction domains. A strategy to easily
implement the MAPDD model with the finite element method was presented and
the theoretical results of Bertoglio et al. [Ber+19] were reproduced with numerical
simulations in a simple test case. The method was shown to deliver accurate results
even for moderately large Reynolds numbers, far from the regime where the theory
is valid.


