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Aims 
Cardiovascular disease based on atherosclerotic lesions is the most common cause 
of death in the western world. [1] It is well known that pathological neovascularization 
of the artery wall is a consistent feature of plaque development, progression [2-5] and 
active inflammation, as well as a major feature of vulnerable/unstable plaques. [6] 
Recently, vasa vasorum and plaque neovascularization have been described as a 
source of intraplaque hemorrhage. [7] The accumulation of erythrocytes after 
intraplaque hemorrhage is likely to be an indicator for the transition from a stable to 
an unstable lesion, thus being a potential thread for plaque rupture and subsequent 
thrombosis. During the last years, it has been recognized that, most of all, plaque 
composition is important when differentiating between stable and unstable lesions 
[8], but imaging of advanced, vulnerable lesions with clinical imaging modalities like 
CT or MRI has remained difficult.  
Therefore the present study was designed to test the potential of high-resolution 
nano-CT in imaging different advanced lesion types (fibrotic lesions, calcified lesions, 
lesions with intraplaque hemorrhage) in aortas of apoE-/-/LDL-/- double knockout mice. 
In order to get a deeper understanding of plaque development and the role of Vasa 
Vasorum in plaque formation, we investigated number and luminal cross-sectional 
area of Vasa Vasorum and their relation to aortic luminal surface as well as plaque 
area along the length of the aortas of apoE-/-/LDL-/- double knockout mice at the age 
of 80 weeks. 
 

Materials and Methods 
Aortas from male apoE-/-/LDL-/- mice (n = 7) at the age of 80 weeks were infused in 
situ with contrast agent (Microfil®), harvested for scanning with nano-CT and finally 
sectioned for histology. The spatial distribution distance of Vasa Vasorum [number 
and cross-sectional surface area (mm²)] was compared to aortic luminal cross-
sectional surface area (mm2) as well as plaque cross-sectional surface area (mm2) in 
the ascending aorta, aortic arch and descending aorta. Results were complemented 
with co-localized histology.  
 
Nano-Computed Tomography 



Samples were scanned using a nano-computed tomograph (Nano-CT_2011) -
manufactured and developed by SkyScan® (Kontich, Belgium). The microfocus X-ray 
source is a pumped type source (open type x-ray source) with a LaB6 cathode. The 
electron beam is focused by two electromagnetic lenses onto the surface of an x-ray 
target. The x-ray target (Au) contains a thin tungsten film plated on the surface of the 
beryllium window producing x-ray emission reaching a minimum spot size of < 
400nm. At this small spot size, small-angle scattering enhances object details down 
to 150 nm isotropic voxels size. The X-ray detector consists of a 12-bit digital, water-
cooled CCD high-resolution (1280 x1024 pixel) camera with fibre optic 3.7:1 coupling 
to an X-ray scintillator and digital frame-grabber. In our experimental setting, samples 
were positioned on a computer controlled rotation stage and scanned 180° around 
the vertical axis in rotation steps of 0.25 degrees at 40 kV. Acquisition time for each 
view was 2.4 seconds. Relative position of the object to the source determines 
geometric magnification and thus the pixel size defined by the cone-beam geometry 
of the system. Maximum possible magnification is also limited by the specimen size, 
which has to be within the cone-beam in its horizontal diameter. Raw data were 
reconstructed with a modified Feldkamp cone-beam reconstruction modus resulting 
in two dimensional 8-bit gray-scale images consisting of cubic voxels. 
 

Results  
The spatial distribution and size of radiopaque deposits within the atherosclerotic 
lesions that were detected by nano-CT (Figure 1), were confirmed within the same 
sample by histology (Perlsô staining) to contain iron. Those iron deposits were found 
with nano-CT in lesions with intraplaque hemorrhage. Animals at the age of 80 
weeks also had large, laminar clusters of calcifications along the ascending aorta and 
the aortic arch imaged by nano-CT at 390 nm voxel size (Figure 2). 
 
The number and cross-sectional surface area of Vasa Vasorum showed significant 
differences depending on whether it was a fibrotic, hemorrhaged or calcified plaque. 
It was significantly higher in fibrotic and haemorrhaged lesions compared to calcified 
plaques (6.8 ± 1.9 vs 6.9 ± 2.4 vs. 1.4 ± 1.3 respectively 0.02 ± 0.02 mm2 vs. 0.02 ± 
0.01 mm2 vs. 0.003 ± 0.005 mm2, p < 0.0001). Though, plaque cross-sectional 
surface area was highest in calcified lesions (1.15 ± 0.37 mm2).  
The aortic luminal as well as plaque cross-sectional surface area showed significant 
differences in the different aortic segments, with decreasing values along the length 
of the aorta (ascending aorta > aortic arch > descending aorta, p < 0.03). In contrast 
to the aortic luminal and plaque cross-sectional surface area, the cross-sectional 
surface area of Vasa Vasorum progressively increased along the aorta from least in 
the ascending aorta (0.003 ± 0.002 mm2) via medium values in the aortic arch (0.01 ± 
0.01 mm2) getting to highest values in the descending aorta (0.02 ± 0.002 mm2). 
Nevertheless there is no statistically significant correlation between the cross-
sectional surface area of Vasa Vasorum and the aortic luminal cross-sectional 
surface area (r = 0.35; Figure 3). 
 
All results are summarized in Table 1. 
 

Conclusion  
The technical features of 3D nano-computed tomography establish new opportunities 
in the CT imaging-based identification of different plaque types. Nano-CT imaging 
allows to distinguish between iron and calcium deposits in atherosclerotic lesions.  
 
Moreover this study gives important information about the relation of Vasa Vasorum, 
the aortic luminal and plaque cross-sectional surface area as well as the different  
atherosclerotic plaque types. Obviously the number of Vasa Vasorum is related to 
different plaque types (fibrotic lesions, calcified lesions, lesions with intraplaque 



hemorrhage) as well as different aortic segments (ascending aorta, aortic arch, 
descending aorta), but is not related to aortic luminal or plaque cross-sectional 
surface area.  
 
 



Table 1 

 

 

# 
VV/cross-
section 

VV Cross-
Sectional 

Surface Area 
(mm2) 

Plaque 
Cross-

Sectional 
Surface Area 

(mm2) 

Aortic 
Luminal 
Cross-

Sectional 
Surface 
(mm2) 

Fibrotic Plaque 6.8 ± 1.9 0.02 ± 0.02 0.85 ± 0.15 0.31 ± 0.08 

Calcified Plaque 1.4 ± 1.3* 0.003 ± 0.005* 1.15 ± 0.37 1.10 ± 0.56* 

Fibrotic Plaque 
with Intraplaque 
Hemorrhage 

6.9 ± 2.4 0.02 ± 0.01 0.99 ± 0.21 0.35 ± 0.07 

Ascending Aorta 2.6 ± 1.1 0.003 ± 0.002 1.32 ± 0.17** 1.73 ± 0.3* 

Aortic Arch 1.3 ± 1.3 0.01 ± 0.01 1.42 ± 0.25** 0.93 ± 0.32* 

Descending Aorta 6.0 ± 3.0** 0.02 ± 0.002** 0.90 ± 0.21* 0.57 ± 0.48* 

 
 

Table 1. Significant differences were found in the number and surface of VV in 
different lesion types (*p < 0.0001). Plaque area in the different aortic perfusion 
territories also demonstrate significant differences (**p < 0.03, *p < 0.0001).The 
aortic luminal surface showed significant higher values in areas with calcified plaques 
compared to fibrotic/hemorrhaged lesions (*p < 0.0001) and in different aortic 
perfusion territories (*p < 0.0001). The total number and surface of VV is significantly 
higher in the descending aorta compared to the ascending aorta and aortic arch (*p < 
0.0001). 

 



Figure 1 

 

 
 

 
Figure 1. Nano-CT image (A, MIP; B, single-slice) of the descending aorta of apoE-/-

/LDL-/- mice at the age of 80 weeks demonstrating iron deposits (A, B, red arrows) as 
an indication for intraplaque hemorrhage. Histology (C, HE staining, magnification x 
2.5) demonstrating an advanced fibrotic plaque with intraplaque hemorrhage, as 
confirmed by positive iron staining (D, Perl´s stain, magnification x10). 

 



Figure 2 

 

 
 

 
Figure 2. Calcified plaques (red arrow) in the aortic arch imaged with nano-CT (A, 
MIP) at (390 µm)³ voxel size and the segmented calcified matrix (B, surface 
rendering). Corresponding histology (C, von Kossa staining, magnification x20) and 
nano-CT image confirmed the calcified lesion (D).  


