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Abstract

Diagnostic ultrasound (US) is safer, quicker and cheaper than other diagnostic
imaging modalities. Over the past two decades, the applications of US
imaging has been widened due to the development of injectable, compressible
and encapsulated microbubbles (MBs) that provide an opportunity to
improve conventional echocardiographic imaging, blood flow assessment
and molecular imaging. The encapsulating material is manufactured by
different biocompatible materials such as proteins, lipids or polymers. In
current research, researchers modify the encapsulated shell with the help
of advanced molecular chemistry techniques to load them with dyes (for
fluorescent imaging), nanoparticles and radioisotopes (for multimodal
imaging) or functional ligands or therapeutic gases (for local drug delivery).
The echogenicity and the radial oscillation of MBs is the result of their
compressibility, which undoubtedly varies with the encapsulated shell
characteristics such as rigidity or elasticity.

In this thesis, we present acoustic properties of novel type of polyvinyl
alcohol (PVA)-shelled microbubble (PVA-MB) that was further modified with
superparamagnetic iron oxide nanoparticles (SPIONs) to work as a dual-modal
contrast agent for magnetic resonance (MR) imaging along with US imaging.
Apparently, the shell modification changes their mechanical characteristics,
which affects their acoustic properties. The overall objective of the thesis is to
investigate the acoustic properties of modified and unmodified PVA-MBs at
different ultrasound parameters.

The acoustic and mechanical characterization of SPIONs modified PVA-
MBs revealed that the acoustical response depends on the SPION inclusion
strategy. However they retain the same structural characteristics after the
modification. The modified MBs with SPIONs included on the surface of the
PVA shell exhibit a soft-shelled behavior and produce a higher echogenicity
than the MBs with the SPIONs inside the PVA shell. The fracturing mechanism
of the unmodified PVA-MBs was identified to be different from the other
fracturing mechanisms of conventional MBs. With the interaction of high-
pressure bursts, the air gas core is squeezed out through small punctures
in the PVA shell. During the fracturing, the PVA-MBs exhibit asymmetric
(other modes) oscillations, resulting in sub- and ultra-harmonic generation.
Exploiting the US imaging at the other modes of the oscillation of the PVA-MBs
would provide an opportunity to visualize very low concentrations of (down
to single) PVA-MBs. We further introduced the PVA-MBs along with particles
mimicking red blood cells in an acoustic standing-wave field to observe the
acoustic radiation force effect. We observed that the compressible PVA-MBs
drawn toward pressure antinode while the solid blood phantoms moved toward
the pressure node. This acoustic separation method (acoustophoresis) could
be an efficient tool for studying the bioclearance of the PVA-MBs in the body,
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either by collecting blood samples (in-vitro) or by using the extracorporeal
medical procedure (ex-vivo) at different organs.

Overall, this work contributes significant feedback for chemists (to optimize
the nanoparticle inclusion) and imaging groups (to develop new imaging
sequences), and the positive findings pave new paths and provide triggers to
engage in further research. 
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