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Combined optical and acoustical characterization of
individual US contrast microbubbles

Jeroen Sijl*, Rik Vos?, Nico de Jong*?, Detlef Lohse® and Michel Versluis*

! Physics of Fluids, University of Twente, P.O. Box 217, 7500 AE Enschede, The Netherlands
2 Experimental Echo, Erasmus MC, P.O. Box 1738 ,3000 DR Rotterdam, The Netherlands

Optical ultra high-speed imaging of ultrasound contrast agents has revealed new detailed
information on the dynamics of these microbubbles, e.g. surface modes and
“compression-only” behavior'. How these non-spherical and non-symmetrical bubble
oscillations translate into an acoustic response is unknown. Until recently, acoustic
studies were hindered by the ability to isolate a single contrast microbubble and by the
transducer calibration and sensitivity. A quantitative study on the acoustical backscatter
of individual BR14 bubbles (Bracco Research S.A., Geneva, Switzerland) was presented
here last year’. Depending on the initial bubble radius, driving pressure amplitude and
frequency, acoustical methods can provide an even better sensitivity, while optical
methods are limited by the resolving power of the optical system. A combination of the
two methods will therefore provide a more complete characterization of ultrasound
contrast agents.

Our setup consists of a transmit transducer transmitting a pulsed ultrasound beam,
exciting a single BR14 bubble confined in a 200 um capillary tube positioned at the focal
point of the transducer. Another focussed receive transducer collects the echoes of the
single bubble. Simultaneously, the time resolved radial oscillation of the very same
bubble were recorded optically at a frame rate of 15 million frames per second with the
Brandaris camera. The receiving transducer was accurately calibrated, therefore both the
optical and acoustical recordings provide quantitative information on the microbubble
response, allowing for a direct comparison between the two methods.

Individual bubbles with initial bubble radii below, around and above the resonance radius
were insonified with a 2.25 MHz sinusoidal acoustic pulse with peak rarefactional
amplitude of 60 kPa or 100 kPa. The acoustic responses and simultaneous optical
recordings of the radial oscillations of the very same bubble confirm that the two methods
are indeed complementary. Larger bubbles, oscillating off resonance, were more easily
detected acoustically, whereas the dynamics of bubbles oscillating close to resonance
were better detected optically. Furthermore, for larger bubbles oscillating in the linear
regime, the measured acoustic bubble response was in good agreement with the response
predicted from the optically recorded radial bubble dynamics.



