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Introduction 
Today’s trend toward patient-specific compu-
tational models brings along more complex 
geometries and larger computational domains. 
The quality of the corresponding meshes can 
then become a bottle neck in the image-based 
analysis, both in computation time as in 
accuracy of the solution. Therefore, the Tree-
mesh method has been developed to generate 
high-quality multi-block structured hexahedral 
meshes [De Santis, 2011]. However, for highly 
complicated geometries it can still be hard to 
generate a high-quality Treemesh for the fluid 
domain. In this work, the extended Treemesh 
method (XTreemesh) is presented to auto-
generate high-quality unstructured hexahedral 
meshes for both the fluid domain and the 
structural domain of complex image-based 
vascular trees. 
 
Methods 
Apart from the surface mesh, resulting from 
the segmentation process of medical images, 
the algorithm requires a number of input 
parameters to define the thickness of the 
boundary layer and the overall mesh density. 
By generating local coordinate systems with 
minimal torsion along the centerline a multi-
block structure is auto-generated to cover a 
radially shrunken geometry of the surface 
mesh. After a refinement of the multi-block 
structure volume, only the elements inside the 
radially shrunken surface mesh are kept what 
results in a hexahedral core for the fluid 
domain. A boundary layer can then be created 
by radially refining the connection of the outer 
surface elements of the hex-core, which are 
projected on the shrunken surface mesh, and 
the outer surface elements of the hex-core, 
which are mapped on the original surface mesh 
using an isoparametric mapping. This 
boundary layer can be further extended 
towards a model for the arterial wall. 

Results 
In this work an XTreemesh has been generated 
for a couple of challenging geometries. A 
vascular tree geometry with multiple bifur-
cations and trifurcations demonstrates the 
automation of the multi-block structure gener-
ation and a geometry of an abdominal mouse 
aorta with an aneurysm emphasizes the ability 
to handle complicated geometries (Figure 1).  
The cells have a high quality and are aligned 
with the predominant direction of the flow. 

 
Figure 1: (a) Abdominal mouse aorta with 
aneurysm; (b) Multi-block structure; (c,d) Mesh. 
 
Discussion 
In comparison with the Treemesh method, the 
XTreemesh algorithm makes use of an 
unstructured instead of a multi-block 
structured hex-core what better resemble the 
surface mesh of complicated geometries. 
In conclusion, the XTreemesh method can be 
used to auto-generate high-quality hexahedral 
meshes for both the fluid domain and the 
structural domain of complex vascular trees. 
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