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Abstract: With the continuous development of materials science, an increasing number of bio-embolic materials have been
applied in the field of interventional medicine. Vascular embolization has become a commonly used therapeutic approach for
benign and malignant tumors, as well as vascular-related diseases such as hemorrhage, arteriovenous malformations and an-
eurysms. Bio-embolic materials can be classified into mechanical devices, solid particulate embolic agents, liquid embolic a-
gents and liquid-to-solid phase-transition embolic agents. Among them, gelatin sponge, iodized oil and polyvinyl alcohol
have already entered clinical application; however, the physicochemical properties and biological functions of these embolic
materials still require further improvement. Interventional bio-embolic materials are evolving from single-function materials
toward intelligent responsive embolic materials with multifunctional integration, multimodal imaging capability, controllable
degradation and favorable maneuverability. This article reviews the role, classification and evolution of bio-embolic materials
in interventional therapy, and discusses the shortages and development directions.

Key words ; embolic materials; interventional therapy; mechanical devices; solid particle embolic agents; liquid em-
bolic agents
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Table 1 Selected commercially available embolic agents

Product

Core material or structure

Drug-loading or imaging features

Embosphere®

DC Bead™/ DC Bead M1™
Oncozene

Embozene TANDEM™

TheraSphere™

SIR—Spheres®

Tris-acryl gelatin microspheres
Sulfonated PVA hydrogel microspheres
™ Sodium polymethacrylate microspheres,
Polyzene®—F coating

Sodium polymethacrylate hydrogel microspheres with
Polyzene®—F coating

Yittrium-90 glass microspheres

Yitrium-90 resin microspheres

Not drug-loadable, contrast-suspended visualization

Drug-loadable, sustained chemotherapy release,
radiopaque LUMI version

drug-loadable depending on product
and regulatory indication

drug-loadable depending on product
and regulatory indication

Not drug-loadable

Not drug-loadable

Note; This table is intended to provide a materials-based reference framework for clinically available embolic agents. The specific indications, contra-
indications, and use specifications of each product should be interpreted in accordance with the corresponding instructions for use, regulatory

documents, and locally approved labeling
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Fig. 1 Maintenance of swarm integrity of magnetic microrobotics swarms at targeted junctions[zg] . (a) schematics diagrams of magnetic particle

swarms blocking the junctions inside a targeted region, (b) schematic analysis of the forces exerted on tip-particles
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Fig. 2 Schematic illustration of MCG construction (a) and lenvatinib loading combined with PD-L1 inhibitors for locoregional-systemic thera-

py of hepatocellular carcinoma (b) t42]
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Fig. 3 Schematic illustration of the one-step electrospraying process for the fabrication of BaSO,@ BaAlg microspheres[
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Fig. 4 Schematic illustration of preparation and imaging tracking of Ag,S/BaSO,/PVA drug-loaded embolic microsphere, and its TACE

therapy for rabbit ear VX2 tumors (4]
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Fig. 5 Intervitional embolization therapy effect of conventional lipiodol emulsions (a) and lipiodol Pickering emulsion stabilized by

iron-doped carbon nanozymes (ICN) (b) f62]
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