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To better understand the consequences of embolism, it is essential to first detect, then classify
(particulate or gaseous) and ultimately size these circulating emboli. Current detection and clas-
sification techniques are based on Doppler processing using TransCranial Doppler instrument but
their accuracy has not yet been fully established. In this study, we introduce a new method to
detect, characterize and estimate the size of gaseous emboli. This approach exploits the nonlinear
behavior of gaseous bubbles. It is well known that bubbles of specific size resonate and generate
higher harmonics and/or subharmonic at given transmit frequencies whereas solid emboli do not. In
order to detect these nonlinear components, a specific transducer design has been developed with
separate transmitting and receiving capabilities. This transducer is composed of a transmitting part
emitting at a frequency f0 of 500 kHz. On the top of the transmit surface, a thin PVDF layer
is glued and used for receiving frequencies from 250 kHz (f0/2) up to 2.5 MHz (5f0). Ultrasonic
measurements were performed using gas bubbles with diameters ranging from 15 microns up to 200
microns and solid particles between 30 microns and 500 microns. The experimental results showed
that at specific scanning conditions, gaseous emboli with a diameter close to the resonance size
scattered at higher harmonic components (from the 2nd harmonic up to the fifth) while bubbles
with a diameter around twice the resonance size produced a subharmonic and/or an ultraharmonic
component. Meanwhile, solid particles and other bubble sizes behave only linearly and their scat-
tered spectrum appeared without any harmonics. These experimental results were validated by the
theory. The study demonstrates the reliability of such a specific transducer to detect, characterize
and size selective gaseous emboli from other particles using their nonlinear behavior. The type and
number of harmonic components can be used as parameters to estimate the size of the detected
emboli (resonance or twice the resonance size).
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