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Abstract

This review comprehensively summarizes the current applications and mechanistic insights into
thrombolytic therapy utilizing ultrasound at different mechanical indices combined with microbubble
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contrast agents. Ultrasound exerts its thrombolytic effects primarily through mechanical and cavi-
tation effects mediated by microbubbles, with the mechanical index (MI) being a pivotal parameter
influencing both efficacy and safety. Evidence indicates that low-MI ultrasound, characterized by
stable cavitation, is suitable for real-time imaging and microbubble infusion, whereas high-MI ul-
trasound induces inertial cavitation, significantly enhancing clot dissolution—particularly demon-
strating favorable vascular recanalization and tissue perfusion improvement in models of acute my-
ocardial infarction and ischemic stroke. Nevertheless, the potential risks associated with high-MI
exposure, including vascular endothelial injury and micro-hemorrhage, warrant careful considera-
tion and further safety evaluation. Future research should focus on optimizing the combination of
ultrasound parameters, developing targeted, stimulus-responsive microbubbles, and advancing
multimodal, image-guided, personalized thrombolytic strategies to achieve safe and efficient clini-
cal translation.
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