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Abstract: Cardiovascular diseases remain a leading cause of death worldwide. Moreover, many drugs induce cardiotoxicity in clinical
settings, which not only threatens patient safety but also leads to drug development failures and economic losses due to the inability to
predict risks at an early stage. As such, there is an urgent need for more precise tools for cardiotoxicity assessment and drug screening.
Cardiac organoids, derived from pluripotent stem cells, are three-dimensional micro-organs that can faithfully simulate the cellular
heterogeneity, spatial structure, and physiological functions of the human heart. These organoids have brought revolutionary
breakthroughs in cardiovascular disease modeling, drug screening, and safety evaluation. This review systematically discusses the
strategies for constructing cardiac organoids, including engineered and self-assembled approaches. The article further summarizes a
multidimensional assessment system that includes morphological, electrophysiological, metabolomic, and gene expression evaluations,
and highlights the successful applications of cardiac organoids in drug efficacy screening and cardiotoxicity evaluation. Despite their
vast potential, the clinical translation of cardiac organoids faces challenges in standardization, vascularization, and functional maturity,
as well as issues with unclear regulatory pathways. In the future, by advancing technological standardization, developing higher-
functionality models, and integrating with regulatory science, cardiac organoids are expected to reshape the paradigm of cardiovascular
drug development and enable a reliable transition from basic research to clinical decision-making.
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