


The aorta segment was sufficiently long that a fully developed velocity
profile existed immediately proximal to the trifurcation. The fluid was
assumed to be Newtonian, with a kinematic viscosity of 3.3 ¢s. The
inlet flow waveform was typical for the iliac region, had a period of
0.75 seconds and was discretized into 60 time steps. The mean and
peak Reynolds numbers and the Womersley number based on the
diameter at the inlet were 985, 3034, and 9.0, respectively. Four
cycles were computed and the fourth cycle was used for wall shear
calculation.

Figufe 2 Computational mesh generated from the cast of the
porcine aortic trifurcation

The three-dimensional distribution of the computed wall shear
stress indices in the right and left external iliac arteries, from the
trifurcation to the deep femoral ostia, was mapped to a two-
dimensional image by a numerical transform that simulates the cutting
and pinning out of the tissue. The transformed shear image and the en
face photographs of the corresponding tissue were deformed to a
common template using an affine transformation based on selected
geometric features of the vessel [1]. The distributions of selected
shear stress indices were then compared on a pixel-by-pixel basis
(20,000 pixels total) with the optical density (OD) distribution of the
templated image of the EBD-stained tissue. The optical density
measures albumin uptake during the dye exposure and is proportional
to local permeability [3]

RESULTS

The transformed and templated images displaying the time-
averaged shear stress in the left and right external iliac arteries are
shown with the corresponding templated tissue OD images in Fig. 3.
The highest shear stress, depicted by the darkest spot in the image,
occurred near the flow divider in both arteries. The shear stress in this
region ranged between 50 and 95 dyn/cm?. However, patches of much
lower shear (10-15 dyn/cm?) are immediately adjacent to this region.
The nearly white region opposite the flow divider experienced shear
stresses less than 5 dyn/cm?  The distal portion of the arteries, which
accounted for the majority of pixels in the image, had a more uniform
distribution of shear, which ranged between 15 and 20 dyn/cm?

To enable a more quantitative presentation of the data, for each
artery the pixels were sorted according to shear stress into 19 bins with
increments of 5 dyn/cm? from 0 to 95 dyn/cm® Next, the average
optical density and shear stress for the pixels within each shear bin
were calculated. A normalized permeability was then obtained for
each bin by dividing the average optical density in that bin by the
average OD of the entire segment; this was done separately for both

the left and right iliac regions. The resulting normalized permeability
is plotted against time-averaged shear stress in Fig. 4.
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Figure 3 Templated time-averaged wall shear stress and optical
density. Top: left iliac artery. Bottom: right iliac artery
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Figure 4 Normalized permeability vs. time-averaged wall shear stress

The same analyses were performed for other shear-related indices
including maximum and minimum wall shear stress, the variance and
pulse of shear stress, oscillatory shear index, and the maximum
temporal shear stress gradient during the cardiac cycle. For this single
case, no relationship was observed between the normalized
permeability and any of these shear-related indices.

SUMMARY AND CONCLUSIONS

The distribution of normal permeability at the porcine aortic
trifurcation was measured densitometrically. The corresponding
distribution of wall shear stress was obtained computationally using an
arterial cast to define the computational region. Pixel-by-pixel
comparisons of the permeability and shear distributions in the external
iliac arteries revealed (1) a monotonic decrease in permeability with
increasing time-averaged wall shear stress, (2) weak or absent
dependence of permeability on other shear-related indices, and (3)
consistency between the left and right arteries.
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