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Fluctuation in heartrate variability and stroke
volume by Acoustic Quantification method

Hong jian Liu", Tomoyuki Yameg”, Shunsuke Nanka®,
Akira Tanaka?, Ryoichi Nagatom®, Shin-ichi Nrrra?
u .Depanmem of Medical Engineering and Cardiology, Institute of Development, Aging and Cancer. Tohoku University

2 Graduate School of Engineering, Tohoku University
3 Department of Medicine and Science in Sports and Exercise, Graduate Schoo!l of Medicine, Tohoku University

In order to develop a new diagnosis tool to evaluate the cardiac function. it may be important to study
the mechanisms of the fluctuations in the stroke volume. We had recorded electrocardiogram and the time
series data of stroke volume for 12 healthy normal male subjects by using acoustic quantification method. The
periodic fluctuations of low frequency peak (LF) and high frequency peak (HF) of the spectrum in the time
series data were evaluated quantitatively using the power spectrum analyzing method. Fractal dimension of
the time series data was analyzed by the box-counting method. LF peak around 0.1 Hz and HF peak around
0.3 Hz were clearly observed in the spectrum of stroke volume as we shown in the heart rate variability (HRV)
spectrum. LF/HF ratio of stroke volume was significantly lower than LF/HF ratio of HRV, though the
fractal dimension of stroke volume was significantly higher than fractal dimension of HRV. No significant
correlation of HF, LF and fractal dimension was observed between heart rate variability and stroke volume.
Our results suggested that the fluctuation in stroke volume gave us the different type of an autonomous nerve
information compared with heart rate variability. Evaluation of the fluctuations in stroke volume may be
useful for the basic pathophysiological research and quantitative clinical diagnosis for circulatory regulatory
system including an autonomic nervous system.

Key words : fluctuations, fractal dimension. spectrum analysis, heart rate variability, stroke volume.
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ABSTRACT

Effect of PDF Inhibitor on Complex
Dynamics in Cardiac Function
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In order to evaluate the effect of phosphodiesterase
inhibitor upon complex dynamics of the cardiac con-
tractility, parameter optimization method (POM) was
utilized in the animal experiments using healthy goats.
Conductance catheter and pig tail catheter were uti-
lized to measure the pressure volume curve of left ven-
tricle. POM enables us the Emax evaluation without
measuring the left ventricular volume, Milrinone was
administrated intravenously to evaluate the effect of
PDE inhibitor upon complex dynamics of the Emax.
As the results, positive inotropic effect of PDE

inhibitor was confirmed by PV curve and POM. Recon-
structed atiractor of the Emax showed complex
behavior suggesting chaotic dynamics. Strange attrac-
tor showed more complex behavior during PDE
administration, suggesting the effect of PDE inhibitor
upon nonlinear complex dynamics of the cardiac con-
tractility.
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An about 10,000 Japanese per year died with an esophagus cancer. Everybody knows that an operation of an
esophagus cancer is difficult. It is because the reconstruction of an esophagus is needed.  An operation will become
easy if there is an artificial esophagus. An esophagus moves food by peristalsis. A simple pipe is not enough as an
esophagus. We invented the esophagus in which a peristalsis is possible. The developed artificial esophagus consists
of a macromolecule material and artificial peristalsis muscles. Bio-absorbable material was used as a regenerative
esophagus tissue, Human's esophagus can swallow a thing by peristalsis. In order to realize a peristalsis, the shape
memory alloy ring was used. The coil was made from the fiber of the shape memory alloy which improved durability
by nanotechnology molecular crystal arrangement. The ring of a coil contracted in order and the pebistalsis took
shape. The animal experiment using the goat of the same weight as Japanese people was tried. The developed
artificial esophagus was replaced with the excised esophagus. It was confirmed that the peristalsis had been realized in
the body of a goat. By the artificial esophagus, an operation of an esophagus cancer becomes easy. In the future, we
can undergo an operation using an endoscope with artificial esophagus.  Since there is little invasion, an operation of
an old man will become possible. It is expected that invention of the anificial esophagus with peristalsis movement
brings big progress to esophagus cancer surgical therapy.

Keywords:  Antificial esophagus, nano technology, shape memory alloy. bio-absorbable material, regenerative medicine,
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Fig. 1  Schematic illustration of totally implantable
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Fig. 2 A photograph of an animal experiment of an
artificial esophagus with peristaltic movement using a
healthy goat.
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Fig. 3 Transutaneous energy transmission system (TETS)
by the use of magnetic shielding.
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Fig. 4 Chronic animal experiment of the TETS using a
goat.
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