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INTRODUCTION 
Atherosclerosis is characterised by the accumulation of lipids 
within the arterial wall. The disease preferentially targets 
curved arteries and branching regions and the lesion 
distribution has been observed to change with age in both 
humans and rabbits [1]. These age-related differences may be 
a consequence of changes in the flow characteristics. In order 
to investigate this hypothesis, a database of immature and 
mature rabbit aortic geometries was constructed. Steady blood 
flow has been simulated in one of the geometries and 
compared with the results of a simulation from a previous 
study. 
 

 

 
Figure 1: Reconstruction of an immature rabbit aorta, with 
close-ups of the cusp near the attachment site of the 
ligamentum arteriosium (a) and the aortic arch (b); cranial (c), 
left lateral (d) and dorsal views (e). 

METHODS 
The in silico data set includes aortic geometries of 5 immature 
(9-12 weeks) and 5 mature (7.5-18 months) male New 
Zealand White rabbits (Harlan Interfauna strain). The 
geometries were obtained according to the following 
procedure. Each rabbit received heparin and was euthanised 
with sodium pentobarbitone (Euthatal). Batson’s #17 resin 
(Polysciences, Inc.) was injected into the vascular system via 
the left ventricle at a pressure corresponding to the 
physiological blood pressure. The rabbit was then transferred 
to a 25% w/w KOH bath for 2 weeks to corrode tissues. All 
procedures complied with the UK Animals (Scientific 
Procedures) Act 1986. The aortic cast was scanned using a 
Metris X-Tek HMX-ST micro-CT Scanner (Natural History 
Museum, London). The resulting DICOM images with voxel 
size of !50 µm were segmented (Amira 5.2.2, Visage 
Imaging, Inc.) and the extracted surface definition was meshed 
and smoothed (Amira, Visage Imaging, Inc.; VMTK, 
www.vmtk.org; Gambit 2.4.6, ANSYS, Inc.).  
 
Steady blood flow was simulated in one of the immature 
aortas (Figure 1) using the spectral/hp element solver N!"#$r 
[2], adopting an incompressible, Newtonian blood model. The 
volume mesh (TGrid 5.0.6, ANSYS, Inc.) of 79 028 
tetrahedral and 23 758 prismatic elements combined with 7th 
order polynomials corresponds to a finite element mesh of 
19 727 166 linear tetrahedra. At the aortic inlet a blunt 
velocity profile (Re=300) was applied, the aortic outlet was 
modelled as a zero pressure outflow boundary, and velocity 
profiles at the branches were taken to be parabolic. Flow splits 
to the branches were based on in vivo measurements (14.7% to 
the brachiocephalic trunk and left common carotid artery, 
7.1% to the left subclavian and left vertebral arteries [3]) or 
estimated (2% of the thoracic flow to the 5 pairs of intercostal 
arteries). Further flow distributions were computed based on 
Murray’s law.  
 
 
RESULTS AND DISCUSSION 
The surface definition of an immature rabbit aorta is depicted 
in Figure 1. The high fidelity of the reconstruction approach 
can be seen in the close-ups. The overall geometry of the aorta 
varied between rabbits. In 50% of the casts the 
brachiocephalic trunk and left subclavian artery originate from 
the aortic arch, 7.1% of all geometries share the arch topology 
of the aorta shown in Figure 1 and the remaining casts have 3 
aortic arch branches. 



 
Figure 2: Vorticity (s-1) component along the centreline of the 
descending aorta (a), and !2-structures (b) and streamlines (c, 
arbitrary colour scheme) in the aortic arch. 
 
Dean-type vortices developed in the aortic arch and influenced 
vorticity profiles in the descending aorta. This is illustrated in 
Figure 2. The simulation results can be compared with those 
for the aorta of a mature rabbit [4]. (The aortic arch of this 
geometry has two branches.) Although Dean-type vortices 
were observed in both cases, the %2-structures were smaller in 
the immature aorta simulated here. The strength and location 
of the vortices remained essentially unchanged when flow 
splits to the arch branches were set to zero, implying that the 
difference is not related to the dissimilarity in arch topology. 
Other possible causes, currently under investigation, are 
differences in the geometric details of the ascending aorta or 
in the precise orientation of the inlet. 
 
The wall shear stress (WSS) distribution for the immature 
aortic geometry is shown in Figure 3. WSS is low on the inner 
curvature of the aortic arch and high on the lateral walls. In the 
descending aorta a dorsal streak of high WSS is visible. WSS 
is locally increased downstream of the intercostal ostia and to 
a lesser extent upstream of them. For the interpretation of the 
WSS distribution it is important to distinguish between small-
scale features, such as local changes around branch ostia, and 
large-scale features, which are governed by arch topology, 
curvature and torsion. Indeed, a similar subdivision seems 
apparent in lesion maps [5]. The high WSS downstream of 
branch ostia occurred at a lesion-prone site and therefore does 
not support the theory that high shear is atheroprotective. This 
suggests that either features that were not simulated (e.g. 
pulsatility) are responsible for the disease pattern, or that the 
low shear theory should be abandoned in the immature case. 
 
 
CONCLUSIONS 
The rabbit aorta database provides high-definition recon-
structions of the ascending aorta, aortic arch and thoracic aorta  
 

 

of both immature and mature rabbits and highlights a 
remarkable anatomical variability. Simulation of blood flow in 
one of the geometries reveals interesting flow features, such as 
the Dean-type vortical structures in the aortic arch. The 
differences from simulation results for a second aorta 
underscore the importance of geometry. The next step will be 
to quantitatively compare flow characteristics such as WSS 
with lesion distributions. Distinguishing between small-scale 
and large-scale features might prove critical to this analysis. 

 
Figure 3: WSS (Pa) distribution in the aorta. Left to right: 
close-up of the attachment site to the ligamentum arteriosum, 
ventral view, and 2D en face view of the descending aorta. 
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