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Modelling of peripheral perfusion during mechanical circulatory system support
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There is an increasing number of domiciliary treatment cases of patients with
severe heart failure. However, it is anticipated that the deterioration of peripheral organs might be
caused by the long-term rotary blood pump support. We focused on the development of a new diagnostic
method for the evaluation of peripheral perfusion using a simple non-invasive imaging. By the method
designed, the colour level of intensity showed blood flow perfusion which could be validated in goats
experiments with the laser Doppler flow velocimetry. Secondly, we examined the effect of mechanical
circulatory assistance ratio on peripheral perfusion by the changes in revolution numbers during the left
ventricular support using a centrifugal blood pump that was connected from the apex to the descending
aorta. As a result, it was indicated the system designed in the study could be useful for the evaluation
of peripheral circulatory condition during mechanical circulatory support.
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Fig.l An ekmple of goats’ kidney surface
image recordings with a high speed VCR

98

Fig.2 A canine ischemic heart model for the
investigation of legions by the
non-invasive image analysis by an
injection of 98w% ethanol at the basal
portion of the right ventricular free
wall(top), and its ischemic lesion with
the ROl selected (bottom)
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(i)Changes in flow data during the
administration of vasodialator (Inderal)
obtained by two different types of
conventional flow sensors; an
electromagnetic flow meter and a laser

Doppler tissue flow velocimetry sensor.
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(ii)Changes in colour level intensity of
RGB values calculated at the same
intervals of the administration

Fig.3 Comparison of flow data obtained by
the conventional flow sensors and the
sequential level variations calculated
from the high speed images.
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Fig.4 Comparison of the separated RGB
values calculated sequential high speed

images; left, normal region as a
control; right, ischemic  lesion
modified by a direct injection of
ethanol
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Fig. 5 Relationships between the

amplitude obtained from the conventional
lase Doppler flow velocimetry values and
those calculated by the green level
intensity of high speed sequential images.
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Fig. 6 Comparison of waveforms obtained
by the laser Doppler flow meter and the
sequential high speed images (top) and
these power spectrum densities (bottom);
The arrow indicated at the bottom figure
shows the heart rate monitored by the
electrocardiogram, and each  peak
calculated from the two types of waveforms
indicate similar peak frequencies.
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Fig. 7 Simplified numerical model for the
quantitative examination of peripheral
hemodynamic response during the
mechanical left ventricular assistance
based on the inverse modelling using the
colour intensity levels as flow dynamic
parameter and aortic pressure waveforms.
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Fig. 8 Changes in parameters of ‘ m ,

¢ , " k', values from top inversely
calculated from the pressure and the
colour levels. The strong coloured plots
indicated the increased energy
consumption in the artificial heart, and
these values showed decreased levels
against the increase of revolution number
of the pump.
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