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Introduction

Stroke volume, ejection fraction, mass and size of the
left ventricle (LV) are very important markers that are
used by cardiologists in order to assess the global func-
tion and disease severity. For a more comprehensive
evaluation, however, displacements, velocities, rotation,
twist, torsion, strains, strain rates are investigated. For
this purpose, data obtained from 2D/3D echocardiog-
raphy (echo) devices are often analysed by a dedicated
software. In the medical community, it is common prac-
tice to examine segmental (regional) values. For exam-
ple, 3D echo data are analysed by dividing the LV en-
docardial surface into 16 or 17 areas (segments), which
consist of several nodes (vortices) and the nodal values
are averaged over the segments [1]. In this study, we aim
to analyse LV motion and deformation from engineering
perspective by using the finite element method (FEM).

Methods

As a first step, we export the tracked endocardial sur-
faces from 3D echo data by using the software 4D LV-
Analysis from Tomtec Imaging Systems GmbH. The
software discretizes the tracked surface over 862 nodes
with 1720 triangular elements and enables to export the
current coordinates of the nodes from the beginning of
the systole to the ending of the diastole. Namely, the de-
formation state of LV endocardial surface is available at
each time frame. From a computational perspective, the
exported data is equivalent to obtaining the finite ele-
ment (FE) solution of contracting LV [2]. Once having
the deformation state of the LV at hand, one can calcu-
late any deformation related quantity in a pointwise
manner such as displacement along preferred directions,
strains, rotation and surface curvature.

Results

A sample of echo data is processed into an FEM soft-
ware and pointwise displacement distribution along z-
direction is demonstrated in Figure 1. The preliminary
results indicate that the deformation state of a point
might not be necessarily in line with the deformation
state of the averaged value over the segment in which
the point exists. For instance, although the rotation of
the apical segment has positive sign, various nodes on
the apical segment might have negative sign.

Discussion

The new methodology enables to disclose local defor-
mation behaviour rather than examining averaged seg-
mental values. Although, the averaged segment values
provide useful information and are widely used, looking
at pointwise values might enable a more extensive LV
assessment, which has not been attracted attention so
far. For instance, averaging might be ruling out unusual
localized deformations, particularly in pathological
cases, which can be only detected through a point-wise
distribution.
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Figure 1: Exported acho data from 4D LV-Analysis
Tomtec is processed into FEM framkework. The LV en-
docardial surface and mitral valve plane are discretized
with 1720 triangular elements over 862 nodes. The de-
formed shape and nodal displacement distribution along
z-axis are illustrated during the entire cardiac cycle.
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