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ABSTRACT

Video-Based Surgical Skill Assessment

Daochang Liu (Computer Application Technology)
Directed by Prof. Yizhou Wang and Prof. Tingting Jiang

ABSTRACT

Hundreds of millions of surgeries are performed worldwide annually. The proficiency of
the operating surgeon is a key factor affecting outcomes after surgery. To ensure patients’ well-
being and reduce clinical errors, surgical skill assessment has become an indispensable part
in surgical training and credentialing. Conventional surgical skill assessment is undertaken
manually by experts with direct observation or structured rating protocols. Such human
assessment is slow and hardly reproducible. Therefore, automatic surgical skill assessment is
drawing more attention from researchers for its better efficiency and repeatability. Meanwhile,
the prevalence of laparoscopic and robot-assisted surgeries nowadays brings a large volume of
surgery videos captured by the built-in cameras in surgical devices, which lay the foundation
for automatic assessment approaches. This thesis works on automatic surgical skill assessment
using surgical videos.

Surgical skills are complex and can be broken down into three aspects, i.e., technical skills,
procedural skills, and skill proxies. Therefore, three assessment aspects are identified in line
with the above skill aspects in this thesis, which are surgical instrument usage, intraoperative
event pattern, and clearness of operation field. We then accordingly develop algorithms for
surgical instrument segmentation, surgical event recognition, and surgical field assessment to
computationally capture the feature of each aspect. Finally, a multi-feature unified framework
is established to provide an accurate assessment of surgical skills. Details are as follows.

Surgical video datasets: In this thesis, with the help of Peking University Cancer
Hospital, two surgical video datasets from real clinical scenarios with detailed annotations are
constructed. The first dataset consists of 57 videos of the infrapyloric phase of gastrectomy
surgeries, annotated with the clearness of operation field and surgical skill ratings. The second
dataset includes 20 videos of the whole process of gastrectomy surgeries, with annotations of
the clearness of operation field, surgical skill ratings as well as diverse surgical events.

Surgical instrument segmentation: To assess surgical skills by surgical instrument
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usage, this thesis proposes an unsupervised instrument segmentation method via anchor gen-
eration and semantic diffusion. This method first generates anchors as pseudo labels using
multiple coarse visual cues and then exploits inter-frame semantic correlation to further en-
hance the supervision signal. Experiments show that the proposed method achieves an excellent
performance of 0.71 IoU on the EndoVis-RobInstrument dataset without using a single manual

annotation for training.

Surgical event recognition: To assess surgical skills by intraoperative event pattern,
this thesis proposes a fully supervised event recognition method based on deep reinforcement
learning and a weakly supervised event recognition method based on a multi-branch neural
network. The former formulates the event recognition task as a sequential decision-making
process. Temporal consistency is integrated into the action space and reward function of
reinforcement learning to reduce over-segmentation errors. The latter explicitly tackles two
major challenges in weakly-supervised event recognition, i.e., completeness modeling and
context separation, by a multi-branch neural network and a hard negative mining strategy.
Experiments show that the algorithm obtains 11% and 28% performance gains compared to

prior works on THUMOS-14 and ActivityNet datasets respectively.

Surgical field assessment: To assess surgical skills by the clearness of operation field,
this thesis first identifies the clearness of operation field as a good skill proxy because of
its high correlation with overall skills and high consistency between annotators. We then
propose an algorithm for assessing surgical skills through this proxy, which is trained using
both a supervised regression loss and an unsupervised rank loss. Experiments show that the
algorithm achieves 0.595 Spearman correlation with the ground truth on our infrapyloric-phase

dataset, which even exceeds the human performance of junior surgeons.

Multi-feature unified surgical skill assessment: On the basis of the above works,
a multi-feature unified surgical skill assessment framework is proposed. The framework
comprises multiple paths in parallel, with each corresponding to an assessment aspect. Feature
sequences extracted by the above algorithms are taken as inputs for the paths and are aggregated
by both early-fusion and late-fusion schemes. The dependency relationships among different
aspects are specially modeled by a path dependency module. In addition, the framework
also utilizes a self-supervised predictive coding mechanism to learn without annotations.
Experiments show that such multi-feature assessment is better than single-feature assessment.

The framework achieves 0.565 Spearman correlation on our whole-process dataset.

In summary, this thesis proposes a unified framework for surgical skill assessment which
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combines three different aspects of surgical skills, contributing new ideas on handling the
huge complexity of surgical skills. Meanwhile, this thesis also focuses on using unsuper-
vised, weakly-supervised, and self-supervised techniques in our algorithms to obtain improved

performance with limited labeled data.

KEYWORDS: Surgical Skill Assessment, Surgical Video Analysis, Surgical Instrument Seg-

mentation, Surgical Event Recognition, Clearness of Operation Field
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