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Optimization and evolution of port placement strategies for multi—arm robotic

lung resection
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(Department of Thoracic Surgery , University—Town Hospital of Chongqing Medical University)

[Abstract] With the global application of multi—arm robotic surgical systems in thoracic surgery, robot—assisted thoracic surgery
(RATS) has become a major minimally invasive technique for lung resection, demonstrating particular advantages in lobectomy and
segmentectomy. However, a standard for port placement is still lacking, which directly affects intraoperative instrument maneuverabil -
ity, surgical field exposure,and complication risks. Based on multi—center evidence and biomechanical modeling, this article systemati-
cally analyzes the optimization pathway for port placement strategies in RATS lung resection. RATS procedures are classified according
to their operational mode into robotic portal-based lobectomy and robotic access—incision assisted lobectomy, with standardized de-
scription facilitated by a four—character nomenclature. Port placement design must adhere to biomechanical principles, including in-
tra— and extracorporeal instrument collision avoidance, panoramic visualization, the lever law within the thoracic cavity, and spatial
zoning for human—-robot collaboration , to balance instrument motion optimization and team efficiency. Evolving from early hybrid video—
assisted thoracoscopic surgery exploratory transitional modes to typical layouts such as 4—arm 5—port, 4—arm 4—port, and 3—arm 4—port
configurations , port placement strategies have progressively developed toward minimally invasive and patient—tailored approaches. Cur-
rently, the international mainstream tends to favor fully robotic 4—arm operations. While in China, the assistant-assisted 3—arm 4—port
mode is more commonly adopted to balance operational efficiency and cost—effectiveness. Single—port and reduced—port techniques
represent cutting—edge exploration but still face limitations such as instrument interference and constraints in emergency handling. Fu-
ture port placement strategies will integrate three—dimensional planning, artificial intelligence , and real-time navigation for transition
from an experience—dependent paradigm to standardized intelligent surgical techniques.
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