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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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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. 1.  The equivalent circuit of the Windkessel model. 
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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. 

 

 

(a)              Subject 1 (sitting)                       Subject 1 (standing)

(b)              Subject 2 (sitting)                       Subject 2 (standing)

(c)              Subject 3 (sitting)                       Subject 3 (standing)

(d)              Subject 4 (sitting)                       Subject 4 (standing)

(e)              Subject 5 (sitting)                       Subject 5 (standing)

(f )               Subject 6 (sitting)                       Subject 6 (standing)

(g)              Subject 7 (sitting)                       Subject 7 (standing)

 

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 ( v) 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 
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Fig. 5.  Averaged Windkessel time constant ( v) in sitting and 

standing positions. * indicates P<0.05.  
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Fig. 6.  Relationphips between SBP and the Windkessel time 

constant ( v). (a) is the results of subject 1 and (b) is the results 

of subject 2. 

 



 

 144 IEEJ Trans. EIS, Vol.131, No.1, 2011 

Manning (14)

Windkessel

 

LF

 
Cohn (16)

Windkessel  
Windkessel

 
 

 
22 4 7 22 10 1  

 

( ) Berne RM, Levy MN, Koeppen BM, Stanton BA. : Physiology (5th Ed.). 
New York : Elsevier (2004) 

( ) S. Suzuki, S. Toyabe, T. Moroda, T. Tada, A. Tsukahara, T. Iiai, M. 
Minagawa, S. Maruyama, K. Hatakeyama, K. Endoh, and T. Abo : 
“Circadian rhythm of leucocytes and lymphocyte subsets and its possible 
correlation with the function of the autonomic nervous system”, Clin. Exp. 
Immunol., Vol.110, pp.500-508 (1997) 

( ) 7 A 37-68,  (1979) 
( ) P. G. Katona and F. Jih : “Respiratory sinus arrhythmia :noninvasive 

measure of parasympathetic cardiac control”, J. Appl. Physiol., Vol.39, 
pp.801-805 (1975) 

( ) Task Force of the European Society of Cardiology and the North American 
Society of Pacing and Electrophysiology : “Heart rate variability: standards 
of measurement, physiological interpretation, and clinical use”, Circulation, 
Vol.93, pp.1043-1065 (1996) 

( ) B. Pomeranz, R. J. B. Macaulay, M. A. Caudill, I. Kutz, D. Adam, D. 
Gordon, K. M. Kilborn, A. C. Barger, D. C. Shannon, R. J. Cohen, and H. 
Benson : “Assesment of autonomic function in humans by heart rate 
spectral analysis”, Am. J. Physiol., Vol.248, pp.H151-H153 (1985) 

( ) K. Kotani, M. Tachibana, and K. Takamasu : “Respiratory phase domain 
analysis of heart rate variability can estimate cardiac vagal activity 
accurately during a mental arithmetic task”, Methods of Information in 

Medicine, Vol.46, pp.376-385 (2007) 
( ) K. Kotani, T. Saito, M. Tachibana, and K. Takamasu : “Workload control 

using the real-time extraction of respiratory sinus arrhythmia”, Trans. of 
the Japanese society for medical and biological enginnering, Vol.43, No.2, 
pp.252-260 (2005) (in Japanese) 

, Vol.43, No.2, 
pp.252-260 (2005) 

( ) K. Kotani, F. Iida, T. Akagawa, T. Saito, Y. Jimbo, Y. Kawaguchi, and K. 
Takamasu : “Improvement of the accuracy for the real-time estimation of 
the cardiac vagal activity and its application to the interactive CG”, IEEJ 
Trans. EIS, Vol.127, No.10, pp.1762-1769 (2007) (in Japanese) 

CG C Vol.127, No.10, 
pp.1762-1769 (2007) 

(10) J. A. Taylor, T. D. Williams, D. R. Seals, and K. P. Davy : “Low-frequency 
arterial pressure fluctuations do not reflect sympathetic outflow: gender 
and age differences”, Am. J. Physiol. Heart Circ. Physiol., Vol.274, 
pp.1194-1201 (1998) 

(11) C. Julien : “The enigma of Mayer waves: Facts and models”, Cardiovasc 
Res., Vol.70, pp.12-21 (2006) 

(12) S. R. Seydnejad and R. I. Kitney : “Modeling of Mayer waves generation 
mechanisms”, Engineering in Medicine and Biology Magazine, IEEE, 
Vol.20, pp.92-100 (2001) 

(13) M. S. Houle and G. E. Billman : “Low-frequency component of the heart 
rate variability spectrum: a poor marker of sympathetic activity”, Am J 
Physiol Heart Circ Physiol, Vol. 276, pp.H215-H223 (1999) 

(14) S. Manning, E. Shykoff, and L. Izzo Jr : “Validity and Reliability of 
Diastolic Pulse Contour Analysis (Windkessel Model) in Humans”, 
Hypertension, Vol.39, pp.963-968 (2002) 

(15) H. Seidel and H. Herzel : “Bifurcations in a nonlinear model of the 
baroreceptor-cardiac reflex”, Physica D, Vol.115, pp.145-160 (1998) 

(16) N. J. Cohn, S. Finkelstein, G. McVeigh, D. Morgan, L. LeMay, J. Robinson, 
and J. Mock : “Noninvasive Pulse Wave Analysis for the Early Detection 
of Vascular Disease”, Hypertension, Vol.26, pp.503-508 (1995) 

 

   2003

 
 

   2009 3

 
 
 
 
 
 

   2010 3

 
 
 
 
 



 
 

C 131 1 2011  145 

   1982

euspen
 

 

   1988
NTT

1992 1993 CNRS
2003

2006

IEEE
 

 
 
 


