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The principle and research progress of microbubble ultrasound
contrast agents
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Abstract: As a fundamental tool for enhancing ultrasound imaging contrast, ultrasound contrast agents
(UCAs) have made significant advances in medical diagnosis and therapeutics in recent years. Their development
has processed through four generations, with each generation achieving breakthroughs in core gas composition,
shell materials, stability, and clinical applicability. The imaging mechanism of UCAs is based on the interaction
between microbubbles and ultrasound waves, producing enhanced backscatter to generate clearer images. The in
vivo behavior of microbubbles is influenced by various physiological factors. Both the core gas and shell materials
are ultimately metabolized or safely eliminated from the body. Common preparation methods include ultrasonic
cavitation, high-shear processing, mechanical agitation and so on. In modern medical applications, UCAs are
widely employed in the diagnostic imaging of the heart, liver and tumors. Moreover, through targeted ligand
modification and drug-loading strategies, they offer potential for theranostic application, i.e., integrating diagnosis
and treatment. UCAs can also provide unique therapeutic benefit through gas-mediated therapies. This review
systematically presents the development history of UCAs, elaborating on their imaging mechanisms, in vivo
behavior, preparation techniques, physicochemical characteristics, and emerging applications at diagnostic-
therapeutic interface.
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Figure 1 The typical structure of microbubbles
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Table 1
imaging technologies. CT: Computed tomography; MRI: Magnetic

Comparison of ultrasound contrast imaging with other

resonance imaging

C i Contrast-enh d
ompanson onfrastenfiance Enhanced CT  Enhanced MRI

dimension ultrasound

Real-time Dynamic Static Static multi-

performance continuous imaging tomographic sequence

(similar to video) imaging (similar imaging

to photo)
Safety No radiation, no Radiation Risk of
nephrotoxicity exposure, risk of gadolinium
iodine allergy nephrotoxicity
Applicable  Patients with renal ~ Requires renal Requires renal
population insufficiency, function function
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Table 2 Approved and investigational contrast agents: Domestic and international overview

Market launch/

Manufacturer .. .
clinical trial

Name Shell component
Echovist Semi-synthetic sugar
Levovist Semi-synthetic sugar,
palmitic acid
Albunex Albumin
Optison Albumin
Definity/Luminity Phospholipid
Imagent/Imavist Phospholipid
Lumason/SonoVue Phospholipid
Sonazoid Phospholipid

Perfluoropropane-albumin microsphere injection Phospholipid
Perfluoropropane-albumin microsphere injection  Phospholipid
Phospholipid
Perfluoropropane-albumin microsphere injection Phospholipid

Perflutren Microbubbles for Injection

Schering AG, German 1991 (withdrawn)

Schering AG, German 1995 (withdrawn)

Molecular Biosystems Inc., USA 1993 (withdrawn)

GE Healthcare, UK 1997

Lantheus Medical Imaging Inc, USA 2001/2014
Schering AG, German 2002 (withdrawn)
Bracco Diagnostics Inc., Italy 2006

GE Healthcare UK 2006

Hunan Runkun Pharmaceutical Co., Ltd. 2008

Xiamen Lizhuo Pharmaceutical Co., Ltd. 2019

Beijing Feiruida Medical Technology Co., Ltd. ~ Phase I suspended

Xiamen Lizhuo Pharmaceutical Co., Ltd. Phase III
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Figure 2

Acoustic characteristics and signal processing of ultrasound contrast agents (UCAs). A: Ultrasound waves are reflected,

refracted, scattered, transmitted, and absorbed by tissues; B: Microbubble-specific imaging sequences capture nonlinear signals from the

contrast agent while excluding tissues with linear scattering
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Figure 3 Concept of osmotically stable bubbles. An osmotic

equilibrium is established where the partial pressure inside the
bubble is maintained at approximately 1 atm. Water-soluble gases
diffuse in and out of the bubble, while the additional partial
pressure of perfluorocarbon vapor counteracts the combined

effects of blood pressure and Laplace pressure
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Figure 4 Coaxial current fluid dynamics atomization technology and microfluidic technology. A: Coaxial electrohydrodynamic techniques

processing; a schematic of the experimental apparatus used; B: A device for controlling the generation of monodisperse microbubbles

through pressure and flow rate; working mechanism of microbubble generation
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Table 3

commonly used ultrasound contrast agents

Composition, structure, and clinical applications of

Shell
Name Gas
component

Phospholipid Blood

Distribution Application

SonoVue SF( Left ventricular
opacification,
microvascular
enhancement, breast
and breast lesion
detection, efc.
Definity C,F; Phospholipid Blood Echocardiography,
liver/kidney imaging
Optison  C,F; Albumin Blood Left ventricular
opacification,
endocardial border
delineation
Sonazoid C,F,, Hydrogenated Blood,
egg yolk
phosphatidyl

Myocardial perfusion,
Kupffer cell focal liver disease

serine
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