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INTRODUCTION
- Hemorrhagic stroke is associated with high mortality, 

morbidity and disability - with a 1-year mortality rate 
of up to 58% (Smajlović). 

- Changes in microvascular branching contribute to the 
etiology of hemorrhagic stroke.  

- Foundational studies to further define changes in 
cerebrovascular microcirculation, including volume 
and branching, associated with hemorrhagic stroke are 
needed.

-  Micro-Computed Tomography (micro-CT), coupled 
with bundled SkyScan 1176  software (Bruker), can 
produce 3D reconstructions of the vascular network at 
a resolution sufficient to resolve small blood vessels, 
while leaving the tissue intact for subsequent analysis. 

- The imaging power of this technique is advanced even 
further when coupled with a fluorescent imager and a 
fluorescent dye, such as Evan’s Blue. 

MATERIALS AND METHODS
All experimental procedures and animal breeding 
activities were in compliance with guidelines set forth by 
the Animal Care ethics committee (Protocol #20-30-ND) 
- Evan’s Blue (EB) Dye (30mg/kg) was infused through 

the femoral artery prior to fixation with 4% 
paraformaldehyde

- Vascupaint™ (VP) was then infused via the aortic arch 
at 1.0mL/min until first sign of yellow coloring 
observed in key indicator regions (see Figure 3),  
followed by 0.5mL/min until 6ml depleted, to opacify 
microvasculature

- Using an exposure time of 300ms, a 180° scan of the 
entire brain was performed with a rotation step of 0.5 
degrees (3 projections averaged every half a degree)

- 9 μm resolution produced 400 image projections that 
were reconstructed using bundled NRecon program to 
create ~3000 axial (coronal) slices of each brain

FUTURE DIRECTIONS
- In-vivo imaging of pre and post stroke neurovasculature 

using the established method 
- Immunohistochemistry to detect relevant markers of 

inflammation and angiogenesis 

CONCLUSIONS
Our study used a novel casting compound, preclinical 
micro-CT and fluorescence imaging in a unique 
stroke-prone animal-model for the quantification of 
cerebrovascular anatomy. Advances in visualization of 
vasculature is critical for the potential development of new 
treatment strategies by enabling accurate quantification of 
cerebrovascular supply. Results support our hypothesis 
that there is less intact neurovasculature post-hemorrhagic 
stroke, as compared to pre-stroke. 
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Figure 3: Key Indicators of VP Perfusion to Brain. Conjunctival/episcleral 
vessels (left) and exterior nares/sublingual vasculature (right)
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OBJECTIVE
Our objective is to use high-resolution imaging 
technology and a novel vascular perfusion casting to 
define changes in neurovascular network parameters, 
such as volume and connectivity, in rodent brains before 
and after stroke.

HYPOTHESIS
Post-stroke rats will have less intact vasculature 
surrounding the site of hemorrhage and less 
neurovascular branching, as compared to pre-stroke rats. 
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Soft tissues, such as blood 
vessels, are not easily 
detected by X rays using 
micro-CT under normal 
conditions - however, when 
filled with a radiopaque 
contrast dye, such as 
Vascupaint™ (MediLumine), 
a bismuth vanadate latex 
casting agent, the vessels can 
be visualized by micro-CT.

MATERIALS AND METHODS
This study utilizes spontaneously hypertensive stroke-prone 
rats (SHRsp). Uncontrolled hypertension is the leading 
controllable factor contributing to hemorrhagic stroke in 
humans (Wajngarten), thus this animal model is translatable.

fo
r T

ek
la

d 
di

et
 a

ni
m

al
s

Seed/Bridge 
Fund 
(from Dr. Daneshtalab)

Figure 2: SHRsp Timeline
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Figure 1: Micro-CT capability at 
MUN for first time (collaboration 
with University of Alberta)
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Table 1: Micro-CT Data Pre-Stroke (n=12) Post-Stroke (n=12) Interpretation

3D Analysis

Percent Vessel 
Volume

2.937 ± 0.822                     0.691 ± 0.192
p<0.0001   

% of the total volume that is vessel
- ↓ in post-stroke due to vasoconstriction and less 

intact vessels 

Fractal Dimension 1.888 ± 0.117                    1.392 ± 0.054
p<0.0001    

Indicator of surface complexity -  how the 
object’s surface fills space
- ↓ in post-stroke because less intact vessels

Euler Number 933.6 ± 232.0                  695.4 ± 331.9
p = 0.2613    

Indicator of redundant connectivity - the 
number of connections holding object 
together 
- ↓ in post-stroke due to less intact vasculature  

Vessel Thickness 4.846 ± 0.806                  3.468 ± 0.524
p = 0.0102 

- ↓ in post-stroke due to vasoconstriction

2D Cross-Section

Percent Vessel 
Volume

3.004 ± 0.843              0.744 ± 0.214
p <0.0001    

% of the cross-sectional area that is vessel
- ↓ in post-stroke due to vasoconstriction and less 

intact vessels 

Fractal Dimension 1.035 ± 0.043             0.831 ± 0.045
p<0.0001    

Indicator of cross-section spatial complexity
- ↓ in post-stroke due to vasoconstriction and less 

intact vessels 

Vessel Number                   7.633 ± 2.005            4.345 ± 1.719
p  = 0.2320    

Number of vessels per unit area
- ↓ in post-stroke because less intact vessels

Figure 6: Rat 94 Stroker Male Brain Dorsal View - macroscopic (left) 
and fluorescence imaging (right)

Optical fluorescence 
imaging (GE/ART 
Optix) examined the 
relationship between EB 
dye extravasation and 
alterations in 
surrounding vasculature

A region of interest of 
500 slices was analyzed 
using CTAn  in 
proximity of the middle 
cerebral artery (MCA), 
as this is the most 
common location for 
hemorrhagic stroke

Figure 4: Rat 61 female 
pre-stroke macroscopic (A), 
micro-CT (B)

Rat 93 post-stroke female 
macroscopic(C), micro-CT 
(D)
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Rat  n=12 pre-stroke and n=12 post-stroke (n=6 male and 
n=6 female in each group). Post-stroke animals exhibited EB 
extravasation and decreased VP perfusion, as evidenced by 
fluorescence and micro-CT respectively. The 3D-rendering of 
brains upon micro-CT imaging indicated a reduction in intact 
intracerebral vasculature post-stroke, compared to 
pre-stroke (see Table 1). Statistical analysis was conducted 
using 95% confidence level. No samples were excluded from 
analysis. All parameters analyzed  trend towards a positive 
hypothesis, many of which with statistical significance. 
Unpaired, 2-tail t-tests were performed to gather p-values. 
Subgroup analysis by sex was conducted, though not 
adequately powered to draw conclusions (see Figure 5). 

For differences between sexes,  in the mean percent vessel 
volume and vessel volume for pre-stroke males was 
statistically significantly different from that for pre-stroke 
females. This is reflective of the larger brain volume, due to 
the overall larger size of male rats. This sex difference, 
however, diminished among post-strokes, suggestive of a 
relatively greater stroke severity in males (↑ from baseline).

*********

Vessel Volume
     Male                        Female

***

*
***

Fractal Dimension 
     Male                        Female

%

p<0.05 = *
p<0.001 = **
p<0.0001 = ***

Male pre-stroke = 1.958
Male post-stroke = 1.384

p<0.0001
Female pre-stroke = 1.818

Female post-stroke = 1.399
p=0.0038

Male pre-stroke = 3.919
Male post-stroke = 0.678

p<0.0001
Female pre-stroke = 1.956

Female post-stroke = 0.704
p=0.0430

Figure 5: Differences before 
and after stroke among sex 
subgroups. Both sexes 
exhibited significant 
differences in percent vessel 
volume and fractal dimension 
before and after stroke. 


