
Introduction

• Microsurgery demands exceptional precision and visual acuity, 
with outcomes often depending on surgeon experience and 
technical skill. 

• Artificial intelligence (AI), particularly deep learning-based 
computer vision, offers potential to enhance microsurgical 
precision and reduce technical variability.

• Despite significant advancements in AI applications across 
various medical specialties, there exists a notable gap in the 
development and implementation of AI systems specifically 
tailored for the unique challenges of the microsurgical 
environment.

• Objective of this study is to develop a convolutional neural 
network (CNN) for automated detection and segmentation of 
surgical instruments in microsurgical fields, focusing on 
lymphovenous anastomosis procedures.

Methods

• Dataset
• 316 high-resolution intraoperative images from lymphovenous 

anastomosis procedures
• Distribution: 227 training (71.8%), 57 validation (18.0%), 32 

testing (10.2%)
• Manual binary masks created for instrument segmentation
• Data augmentation techniques applied to enhance model 

generalizability

• Model Architecture
• Modified U-Net architecture with VGG16 encoder
• Implementation using TensorFlow and Keras frameworks
• Input images resized to 128×128 pixels and normalized

• Training Protocol
• Adam optimizer (learning rate: 1e-4)
• Batch size: 32
• Custom loss function combining binary cross-entropy and 

Dice coefficient
• Maximum 100 epochs (optimal weights achieved at epoch 56)
• All code written by first author in Python

Qualitative Assessment
•Accurate identification of various microsurgical instruments (micro-scissors, forceps, needle 
holders)
•Consistent performance across different magnifications (10x-25x)
•Robust to varying lighting conditions and reflections
•Maintained accuracy despite blood/fluid presence or partial instrument occlusion

Results

Performance Metrics

 Instrument Detection Process

Discussion

Technical Innovation
• First report of AI-based approach specifically designed for 

microsurgical instrument detection with clinical-grade accuracy
• U-Net architecture with pre-trained VGG16 encoder leveraging 

transfer learning
• Custom loss function optimizing both pixel-wise accuracy and 

regional segmentation
• Robust data augmentation enhancing model performance across 

variable conditions

Clinical Implications
• Foundation for computer-assisted microsurgery systems
• Surgical navigation and guidance
• Automated surgical documentation
• Technical skill assessment and training
• Integration with robot-assisted microsurgery
• Development of autonomous surgical systems

Future Directions
• Dataset expansion to include multiple surgeons and diverse 

procedures
• Implementation in real-time video processing systems
• Integration with other components for comprehensive surgical 

assistance
• Clinical validation studies in real-world scenarios

Conclusion

• This study demonstrates successful development of a high-
performance CNN for microsurgical instrument detection, 
achieving excellent accuracy (>98%) and segmentation quality.

• These results suggest AI-based approaches can overcome the 
unique challenges of microsurgical environments to provide 
reliable instrument segmentation, representing a critical step 
toward advanced computer-assisted microsurgical platforms.
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