


RESULTS

As seen previously, wall motion was not uniform around the vessel
circumference. In this study, the left-posterior aspect of the wall,
immediately adjacent to the spine in some animals (Figure 1), but not
in all, strained the least and the right-anterior aspect strained the most
(Figure 2, left). The wall media thickness and the number of medial
lamellae also varied around the circumference, with the anterior wall
being thickest and having the most lamellar units. The trichrome-
stained section from one animal (Figure 2, right), illustrates the
circumferential thickness variation. The lamellar structure in the
avascular zone of the media (bordering the lumen) was observed to be
more loosely organized than the vascular zone (bordering the
adventitia), which contains vasa vasorum and more closely spaced,
parallel lamellae. A close-up comparison of the anterior and posterior
media thickness and structure is shown in Figure 3.

Figure 2. Qualitative comparison of wall motion (left, shown
as the wall centerlines at 24 points in the cardiac cycle) and
wall thickness (right, trichrome stained section).
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Figure 3. Comparison of medial thickness and structure in
the anterior and posterior walls of the porcine descending
thoracic aorta. Black arrows indicate examples of vasa
vasorum in the vascular zone of the media. The difference
in the lamellar structure between the vascular and
avascular zones is evident at both locations.

A comparison of wall strain, wall thickness, and number of medial
lamellae at eight measured points around the circumference is shown
in Figure 4. All three quantities in the anterior wall were significantly
different from the values in the posterior, left-posterior, left, and right-
posterior locations (p<0.05, Fisher’s PSLD test). Results from this
comparison demonstrate that increased wall strain correlates with both
increased wall thickness (r’=0.62) and an increased number of medial
lamellar units (r*=0.58).
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Figure 4. Quantitative comparison of cyclic strain, wall
thickness, and number of medial lamellae.

DISCUSSION

This study demonstrates a circumferential variation in aortic wall
structure and a direct relationship between circumferential wall
structure and wall strain at one level of the thoracic aorta in the pig.
Although the deformation pattern, which resembles that observed in
the human thoracic aorta, creates the visual appearance of simple one-
point tethering, complete analysis of the velocity data suggest that the
wall is straining non-concentrically. It has previously been
hypothesized [2] that the vessel wall remodels so that each lamellar
unit bears a constant tensile load; the results presented herein thus
suggest that the area of increased wall strain, which has more medial
lamellae, corresponds to a region of greater tensile load.

Note that the strain measure reported is not the principal strain as
would be calculated from the MR velocity data [5]. This quantity was
calculated, but strain variations around the circumference could not be
statistically resolved due to the small amount of wall motion observed,
wall motion in these anesthetized animals was much smaller than that
previously observed in humans. Noninvasive studies of the human
aorta are in progress to quantify the relationship between wall
structure and strain, calculated using local trajectories determined from
MR velocity data.
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