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Evaluation of the Circulatory Dynamics by using the Windkessel Model in Different Body Positions
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Autonomic nervous system is important in maintaining homeostasis by the opposing effects of sympathetic and
parasympathetic nervous activity on organs. However, it is known that they are at times simultaneously increased or decreased in
cases of strong fear or depression. Therefore, it is required to evaluate sympathetic and parasympathetic nervous activity
independently. In this paper, we propose a method to evaluate sympathetic nervous activity by analyzing the decreases in blood
pressure by utilizing the Windkessel model. Experiments are performed in sitting and standing positions for 380 s, respectively.
First, we evaluate the effects of length for analysis on the Windkessel time constant. We shorten the length for analysis by
multiplying constant coefficients (1.0, 0.9, and 0.8) to the length of blood pressure decrease and then cut-out the waveform for
analysis. Then it is found that the Windkessel time constant is decreased as the length for analysis is shortened. This indicates that
the length for analysis should be matched when the different experiments are compared. Second, we compare the Windkessel
time constant of sitting to that of standing by matching their length for analysis. With statistically significant difference (P<0.05)
the results indicate that the Windkessel time constant is larger in the sitting position. Through our observations this difference in

the Windkessel time constant is caused by sympathetic nervous activity on vascular smooth muscle.
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The equivalent circuit of the Windkessel model.

Fig. 1.
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Fig. 2. Blood pressure waveform and electrocardiogram of
subject 1. (a) Blood pressure waveform. Open arrow indicates
blood pressure descending process that is analyzed in this
study. (b) Waveform of electrocardiogram. It is confirmed that

blood pressure rises after heart beats (R wave in this panel).
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Fig. 3. Difference of the Windkessel time constant by
multiplying constant coefficients (1.0, 0.9, and 0.8) and

cut-out the length for analysis. ** indicates P<0.01.
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Fig. 4. Waveforms of the blood pressure decreasing process
(continuous 10 waveforms) of all subjects. Individual subject
numbers are presented at the top of each panel. Left panels are
waveforms of sitting position, while right panels are those of

standing position.
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Table 1. Mean length of the blood pressure decreasing
process in each subject during sitting and standing positions.
Rate indicates the rate of the mean length of standing position

against that of sitting position.

Subject Sitting (ms) Standing (ms) Rate
1 901.7+53.0 707.9£56.7 0.785
2 857.6+69.0 811.5+42.6 0.946
3 869.2+86.3 635.9+74.8 0.732
4 825.5+43.1 766.3+62.2 0.928
5 996.2+74.5 788.8+52.0 0.792
6 693.7£31.5 619.7+27.0 0.893
7 628.9£54.9 540.7+£55.8 0.860

The values of standing and sitting are the mean value = standard
deviation.

Table 2. Windkessel time constant (t,) of each subject in

sitting and standing positions.

Subject Sitting (ms) Standing (ms)
1 257.23 148.78
2 174.42 194.19
3 405.82 173.74
4 182.02 146.57
5 276.38 223.47
6 226.48 147.82
7 176.69 127.75
400
%
300
—
%)
£ 200 r
>
%7
100
0 |
Sitting Standing
Fig. 5. Averaged Windkessel time constant (t,) in sitting and

standing positions. * indicates P<0.05.
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