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1. Introduction 

As the factor of death, a rate of 
cardiovascular diseases is increasing in Japan. 
Arteriosclerosis is the main factor of the 
cardiovascular diseases. At the early stage of 
arteriosclerosis, lesions of vascular endothelial 
functions appear, and functions of generating 
vasodepressor material decrease. It is important to 
evaluate the functions as early as possible becauase 
the lesions are still reversible. 

We have proposed an evaluation method of 
viscoelastic properties of the blood vessel wall 
measuring the arterial pressure and diameter.1) An 
ultasonic probe was set between two pressure 
sensors, and the time delay between the ultasonic 
probe and the pressure sensor was corrected by the 
pulse wave velocity (PWV) estimated by the two 
pressure sensors. However, it is difficult to 
accurately correct the time delay because PWV, 
caused by changes in blood pressure, varies during 
a heartbeat. We also proposed a method measuring 
blood pressure waveform by piezoelectric effect 
using elements of an ultrasonic probe.2,3) The blood 
vessel diameter and the blood pressure were 
measured at different timing and synchronized 
using electrocardiogram (ECG). However, it is 
difficult to accurately estimate viscoelasticity 
because of errors in pressure-diameter 
characteristics caused by the heartrate difference at 
each measurement. 

In the present study, an ultrasonic probe is 
developed to measure both radial pressure and 
diameter at identical position simultaneously and 
estimate the hysteresis property of the arterial wall. 
 
2. Principle 

The main frequency components of a blood 
pressure waveform are less than approximately 12 
Hz4) and far lower side of the bandwidth (usually 
several to 10 MHz) of the ultrasonic probes.  The 

piezoelectric elements of ultrasonic probes can be 
used not only for transmission and reception of 
ultrasonic waves but also for measuring blood 
pressure waveforms.2,3) When the piezoelectric 
element is used for measuring the blood pressure, 
the measured waveform becomes a derivation of the 
blood pressure waveform because electric charges 
detected by the piezoelectric effect are extracted as 
currents by the external circuit. Therefore, the blood 
pressure waveform can be obtained by integrating 
the voltage waveform at the load resistance in the 
output circuit. 
  
3. Method  

The schematic view of an experimental 
arrangement is shown in Fig. 1. A linear array probe 
with 192 channels was customized by cutting the 
central piezoelectric element from the transmitting 
and receiving unit of ultrasonic waves. A 
piezoelectric element was used to detect the blood 
pressure. The other 191 channels were used for the 
measurement of diameter by ultrasound.   

  
Fig. 1. Schematic view of experimental arrangement. 
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The customized probe was connected to an 
ultrasonic diagnostic apparatus (Hitachi Aloka, 
Prosound F75). The phased-tracking method was 
applied to determine boundary to estimate the 
change in diameter.5) It was measured with a center 
frequency of 7.5 MHz at a sampling frequency of 
40 MHz and a frame rate of 252 Hz. 

To measure the blood pressure waveform, 
output voltage from the piezoelectric element was 
amplified with amplifier having an amplification 
factor of 100, filtered with a low-pass filter with a 
cut-off frequency of 30 Hz, and inputted to the 
external port of the ultrasonic diagnostic apparatus. 
The blood pressured waveform was obtained 
integrating the measured waveform.   

Electrocardiogram was also measured.  To 
obtain absolute blood pressure, the voltage 
measured by the piezoelectric element was 
calibrated with the systolic and diastolic blood 
pressures measured in the right radial artery by 
tonometry (Nihon Colin, JENTOW-7700). 

The blood pressure and diameter were 
simultaneously measured in the left radial artery of 
a 22-year-old healthy male. This probe has an 
advantage enable to confirm the measurement 
position of the blood pressure by B-mode image.  
4. Results and Discussion 

Figure 2 shows B-mode image of the left 
radial artery. Figure 3(1) shows electrocardiograph, 
blood pressure waveform, and diameter change. 
The timing of rises of both blood pressure and 
diameter change during systole was almost same. 
Both blood pressure and diameter returned to each 
value after a heartbeat. Figure 3(2) shows a 
relationship between blood pressure and arterial 
diameter between two R-waves of ECG obtained 
from Fig. 3(1). The times indicated by labels a, b, c, 
and d are same in Figs. 3(1) and (2). The diameter 
expanded linearly with an increase in the blood 
pressure and then gradually returned due to a 
decrease in blood pressure with viscosity. The 
hysteresis characteristic in Fig. 3(2) resembled to 
that in Ref. 1. Therefore, the relationship between 
the blood pressure and the diameter change was 
successfully obtained using a single ultrasonic 
probe.  
5. Conclusion 

In this paper, an ultrasonic probe was 
developed to simultaneously measure radial blood 
pressure and diameter.  The relationship between 
the blood pressure and the diameter change during a 
heartbeat was measured and the hysteresis 
characteristics caused by the viscoelasticity of the 
blood wall was confirmed.  Hereafter, we will 
evaluate vascular endothelial functions by 
measuring viscoelasticity changes caused by flow 
mediated dilation (FMD) reaction. 

  
Fig. 2. B-mode image of the left radial artery. 

 

  
Fig. 3. (1) Waveforms of arterial pressure and diameter. 
(2) Relationship between arterial pressure and diameter. 
 
 
Acknowledgment 

This work was partially supported by 
JSPS KAKENHI 17H0215 and the Murata Science 
Foundation. 
 
References 
1. Y. Sakai, H. Taki, and H. Kanai, Jpn. J. Appl. 

Phys. 55 (2016) 07KF11.  
2. K. Kudo, T. Saito, M. Arakawa, K. Kobayashi, 

and H. Kanai, Jpn. J. Med. Ultrasonics 45 Suppl. 
(2018) S587. 

3. M. Arakawa, K. Kudo, K. Kobayashi, and H. 
Kanai (submitted to Sens. Actuators A Phys.). 

4. D. W. Holdsworth, C. J. D. Norley, R. Frayne, D. 
A. Steinman, and B. K. Rutt, Physiol. Meas. 20 
(1999) 219. 

5. H. Kanai, M. Sato, Y. Koiwa, and N. Chubachi, 
IEEE Trans. Ultrason. Ferroelectr. Freq. Contr. 
43 (1996) 791. 

1 mm

Radial artery

60
70
80
90

100
110
120
130

1.291.30

1.35

1.40

1.45

1.50

-0.1 0 0.2 0.4 0.6 0.8

Pr
es

su
re

 [m
m

H
g]

D
ia

m
et

er
 [m

m
]

Time from R wave [s]

a b c d

50
60
70
80
90

100
110
120
130

1.25 1.30 1.35 1.40 1.45 1.50 1.551.55

Pr
es

su
re

 [m
m

H
g]

Diameter [mm]

a

b

c

d

Start, Goal

Pressure
Diameter

(1)

(2)

ECG

Proceedings of Symposium on Ultrasonic Electronics, Vol. 39 (2018)
29-31 October, 2018


