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Abstract

Lateral lymph node metastasis (LLNM) in papillary thyroid carcinoma (PTC) is a critical factor influencing surgical decision-
making and prognosis. Conventional ultrasound exhibits limitations in LLNM assessment, including high operator dependence and
insufficient detection capability for micro-metastases. Multimodal ultrasound techniques (high-frequency ultrasound, elastography,
and contrast-enhanced ultrasound) significantly improve diagnostic sensitivity through multi-parametric analysis, while artificial
intelligence (Al), particularly deep learning (DL), enables precise LLNM prediction by extracting subtle microstructural features
from ultrasound images. This article systematically reviews recent advancements in the integration of multimodal ultrasound and Al
technologies, explores their clinical value in preoperative LLNM evaluation, and discusses future research directions for optimized
clinical application.
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