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Abstract Among all the diagnostic imaging techniques, ultrasound imaging is one of the most widely used
imaging techniques around the world due to its unique advantages, such as real-time imaging, low cost, high safety
and readily availability for portable devices. Although application of ultrasound contrast agents ( UCAs) can
significantly improve the accuracy and confidence of disease diagnosis by providing higher quality ultrasound
images, ultrasound imaging also have some intrinsic limitations, such as its relatively limited sensitivity. Any
medical imaging technique alone can not be so perfect and effective to get all the necessary diagnostic information.
Therefore, in recent years, the idea of using multimodal imaging method based on ultrasound imaging has gained
popularity among researchers and they have come to realize that the complementary abilities of different imaging
modalities could be harnessed to synergistic advantages over any modality alone by using them in tandem.
Especially, multifunctional ultrasound contrast agents are able to operate as novel theranostic agents for both
contrast-enhanced ultrasonic imaging and therapy, which holds a great potential for ultrasound-guided therapy in
clinic cancer treatment. The present review outlines recent progress in the development of multifunctional ultrasound

contrast agents including targeted ultrasound contrast agents, multimodal contrast agents and theranostic agents
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based on ultrasound imaging, along with their possible future applications.
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Covalently aptamer-conjugated nanobubbles for

targeted ultrasound imaging'**’
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multifunctional agents based on ultrasound-responsive

The nanomaterials used for the fabrication of

microbubbles/microcapsules
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Fig.4 A. (a—c) Photograph (taken under 365 nm UV
illumination) of vials containing MBs and solution, after
allowing MBs to float to the top of the solution phase: (a)
MBs and protein-lipid solution before the addition of silica-
coated QDs at pH = 7.4; (b) MBs and protein-lipid
solution after the addition of silica-coated QDs at pH =7.4;
and (c¢) QD-loaded MBs after the removal of excess silica-
coated QDs and resuspension in aqueous media at pH =7. 4.
(d) Fluorescence microscopy image of MBs, loaded with
silica-coated QD. Scale bar =10 wm. B: In vitro ultrasound
images of an opticell (in cross section), filled with MBs:
(a) unloaded MBs and (b) MBs loaded with silica-coated
QDs"
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Fabrication of quantum-dot-modified microbubbles

as bi-mode imaging contrast agent''"!
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Fabrication of gold nanoshelled microcapsules as

theranostic agent''?!
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Fig.7 In vitro ultrasound contrast-enhanced images in the
transverse cross-section of the latex tube; in vivo
ultrasonograms in the rabbit right kidney. Both PIHI ( MI
0.42) and conventional B-mode images at the meantime are
collected and shown in one graph. Fluorescent microscopic
images of HelLa cells stained by calcein AM with different
treatments ( GNR-MCs agent concentration: 1 mg/ml; NIR
laser; 808 nm, 10 W/cm?®, 10 min) "
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Fig.8 Schematic representation of drug targeting through

the defective tumor microvasculature using the echogenic

drug delivery system'*!
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