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Abstract

Left ventricular pumping performance may be described by intraventricular
pressure and volume variables, usually presented as a pressure-volume plot.
However, on-line monitoring of left ventricular pressure and volume with high
temporal resolution requires the use of an invasive catheter technique such as,
for example, the conductance catheter method. On the other hand, the very
invasiveness and complexity of this approach makes it less suitable for clinical
use. It is then not surprising that there has been long-felt need to make the
conductance method less invasive and attempts have been made to adjust the
method to clinical demands and routine in order to extract more information
from pressure-volume interplay and possibly translate relevant data to their
non-invasive estimates.

In the present studies, a standard five segmental conductance catheter was
used in animal (pig) experiments. Segmental conductances were compared to
global conductance. Since the mid-ventricular segment was shown to reflect
global volume, which was also shown on theoretical basis, it was concluded that
a single segmental catheter most probably could be used to estimate global left
ventricular volume.

Subsequently, a thin and flexible single segmental conductance catheter was
constructed and applied to an animal (pig) experimental model. Results were
reproducible and very few arrythmias were detected.

At the next stage, left ventricular isovolumic phases were investigated using
the standard conductance catheter method, as well as echocardiographically
derived tissue velocity doppler. Conductance was shown to decrease during
isovolumic contraction, and an adjustment method was proposed in order to
account for the subsequent decrease in pressure-volume loop area.

In separate experiments, the left ventricular pressure wave form during
left ventricular systole was examined, and an algorithm was proposed to
discriminate between the changes in afterload, preload and contractility.
Results showed clearly discernible patterns of the respective load and
contractility alternation.

Finally, the left ventricular continuous area was monitored continuously
during the entire cardiac cycle as a measure of left ventricular volume dynamics
in normal subjects and three patients with left ventricular abnormalities using
echocardiographic automatic boundary detection. The left ventricular area
thus obtained was plotted against its first derivative, to form a flow-volume
estimates loop, in accordance with the flow-volume examinations used in
respiratory physiology. Data obtained from the abnormal ventricles were
presented as flow-volume estimates loops, exemplifying the possible use of the
method.
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