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Background: Laparoscopic cholecystectomy (LC) is one of the most frequently performed
surgical procedures globally. Despite its prevalence and benefits, such as shorter hospital
stays, the procedure carries a persistent risk of severe complications, most notably bile duct
injury (BDI). The incidence rates of BDI have remained troublingly stagnant, unaffected by
advances in surgical training, instrumentation, or imaging techniques. Artificial intelligence (AI)
and computer vision (CV) have emerged as promising avenues to enhance surgical safety, yet
many current models are suboptimal.

Objectives: This narrative review aims to serve as a guide for developing more effective
computer vision systems for LC by bridging the gap between clinical challenges and technical
implementation. The objective is to move beyond surface-level performance reporting and
conduct a deeper analysis of the clinical realities and technical hurdles that cause AI models to
fail or underperform in real-world surgical environments. The work synthesizes pressing clinical
needs, existing technical solutions, and their limitations to provide recommendations for future
research.

Main Findings: The analysis indicates that a majority of surgical errors, with some studies
attributing up to 97% of bile duct injuries, stem from visual misperception. These errors are
most prevalent in difficult cases driven by patient-specific conditions like severe inflammation or
anomalous anatomy. Current AI development is often misaligned with this reality, as most
research avoids these complex scenarios, leading to translational failures. This review argues
that simple pattern-matching solutions are insufficient. To create clinically impactful tools, future
work must focus on methods grounded in the physical and geometric principles of the
procedure. This includes developing AI capable of analysing tissue structures to identify safe
dissection planes. Furthermore, development should focus on integrating preoperative
anatomical information from CT or MRCP scans as priors, creating patient-specific models that
can guide surgeons through challenging anatomies.
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