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A Non-Invasive Ultrasonic Urinary Bladder Internal Pressure Monitoring
Technique: Its Theoretical Foundation and Feasibility Test
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Abstract A new approach was proposed in this article, named, a non-invasive ultrasonic method to monitor the
urinary bladder internal pressure which can resolve the shortcomings of the existing methods. The proposed
method makes use of acoustic cavitation. It is based on a physical phenomenon that an extracorporeal high
intensity focused ultrasonic pulse generates bubbles inside the urinary bladder and the dynamic properties of the
bubbles are related to the urinary bladder internal pressure. The article presents the theoretical foundation for the
proposed technique and verifies its feasibility with preliminary experimental data. The suggested ultrasonic urinary
bladder internal pressure monitoring method is non-invasive and can be used any time regardless of sex and age,
so that it will be of a great benefit to the diagnosis and therapy of urination related diseases.
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Part 2

focus

Fig. 11 (a) Geometry of the ultrasonic transducer
employed for the urinary bladder pressure
monitor, consisting of a focused ultrasonic
transducer with the diameter of D and the
focal distance of F, combined with
A—mode element at its centre with the
diameter of d. Part 1 for generating a high
intensity focused ultrasonic(HIFU) pulse,
Part 2 for detecting acoustic signals
associated with bubble activities. (b) An
acoustic field produced in water by a
transducer  Part 1 with  D=60 mm,
d=10 mm, F=60 mm, 1 MHz, predicted
using a modified Rayleigh Integral[17]

Fa 3l = z=
371 A 2R F2olA FFY AdEeln, L&
e 2 FZoA 5 MPa HAEo ZSuE
100 cycle &<t A o] 23 FZox ALE
AT R =

HIFU =3 oA A" 7L HIFU
7] FAF YA A-RE 253 WHEY)
5 B3l gQld & QATH23,24]. Fig. 14+ 5

Fig. 12 An experimental 1 MHz HIFU transducer
(with the diameter and focal distance of
63 mm) having an plane A—mode transducer
resonated at 1 MHz (with the diameter of
10 mm) at its center constructed in the
study. (a) photographic view, (b) the HIFU
pressure field measured

Fig. 13 The bubble cloud in water (in the lower
panel) optically detected near the focus of
the experimental 1 MHz HIFU transducer (at
the focal pressure 5 MPa), in contrast to
the image to the same region before HIFU
exposure (in the upper panel). Note that the
transducer was located left hand side of the
images
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through the bubble cloud in water near
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transducer, following the HIFU irradiation
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signals backscattered from the bubble cloud
in the urinary pressure chamber produced
by a short high intensity ultrasonic pulse
(with a few cycles, 1 MHz~10 MPa in the
positive peak pressure) at the urinary
bladder internal pressure of (a) 0 mmHg,
(b) 30 mmHg, and (3) 60 mmHg (dot:
data, line: mean for the 10 repeating
measurements)
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