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ABSTRACT

The dysfunction of the left ventricular (LV) wall causes the death of a large
amount of people worldwide each year. One of the most dangerous diseases is heart
attack originated by ischemia which results in damage of LV myocardium due to
insufficient blood supply from coronary arteries, thus, changing of its mechanical
properties need to be determined in order to specify some indices for diagnosis in
clinical treatment. These indices were determined based on the understanding of
stress-strain relationship of both healthy and diseased heart.

A thick-walled truncated conical shell geometry was employed and LV
myocardium was assumed to be transversely isotropic, incompressible and with a
homogeneous deformation. The LV myocardial mechanics model incorporated the
active (Hunter et al., 1998) and passive transversely isotropic constitutive relations
(Humphrey et al., 1990) in terms of a new polynomial form of pseudostrain-energy

function (W) with the optimized in-vivo myocardial material parameters. Finite
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deformations including inflation, extension, twist and transmural shearing were
considered in the model. The deformations parameters can be calculated at any single
radial location in the LV myocardium using a method proposed by Humphrey and
Yin (1989) while the material parameters were assumed not to vary across the wall.
In-vivo invasive assessment using pressure catheter and ultrasound crystals, i.e.
sonomicrometers, was conducted in a mongrel male dog, weighing about 27.6 kg, to
determine LV pressure and LV myocardial deformation, respectively. The regional
stress and strain were respectively calculated based on the thick-walled theory and the
movement of the tetrahedron-shaped crystals implanted at an anterior-lateral wall
region of LV myocardium.

Transmural stress and strain distributions from base to apex in the normal and
graded ischemic canine heart progressively induced by left anterior descending (LAD)
coronary flow reduction during systolic and diastolic phases over cardiac cycle have
been determined. It was found from calculation that all six components of strain were
functions of radius, whereas, just three components of stress were functions of radius
(i.e. component of radial stress and two components of transmural shearing stress).
Moreover, stresses and strains relation is nonlinear due to fiber orientation changing
across the LV wall. The radial stresses decreased monotonically from inner to outer
surface resulting from pressure acting on inner to outer LV wall. The circumferential,
axial, and in-plane shearing stresses showed the complicated transmural distributions.
The radial, circumferential, axial, and three shearing strains exhibited opposite
deformation occurred at 80% and 100% LAD coronary occlusion levels in early-
systole. The normal myocardium undergoes wall thickening, systolic shortening, and

right-handed torsion; in contrast, the graded ischemic canine heart at 80% and 100%
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LAD coronary occlusion levels undergoes wall thinning, systolic stretching, and left-
handed torsion.

In conclusion, the stress-strain relationships over cardiac cycle predicted from
the present model showed good agreement (mean square error of 0.0799 kPa® and
0.1258 kPa® during systolic and diastolic phases, respectively) with those derived
from in-vivo experiment in six different LAD coronary occlusion levels of canine
heart. Therefore, the in-vivo regional stress-strain relationship demonstrated by the
transversely isotropic constitutive relations in terms of a new polynomial form of W
containing eight material parameters can reliably characterize resulting in better

detection of myocardial ischemia.
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