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Continuous intraoperative Al monitoring of surgical technical skills using computer vision

Modifiable technical errors are associated with adverse effects during
surgery, poor outcomes, reoperation, and readmission. Despite the
importance of surgical technical expertise, there are currently no auto-
mated systems implemented in standard clinical practice to assess and
monitor technical skills intraoperatively or post-procedure.” In most
cases, there is no evaluation of surgeons’ performance unless done
through visual evaluation by peer experts.

In Al access to large data is key. The importance of surgical technical
skills assessment is shown in a limited number of settings, such as robotic
surgery and simulation, mainly due to a lack of feasible systems to track
and assess these skills more broadly. Camera-based, minimally invasive
approaches are now ubiquitous due to their promise of decreased tissue
disruption, and faster patient recovery. These procedures generate vast
troves of visual data, often lost due to hospitals lacking systems for
storage or exploitation. High-fidelity AI solutions may address this gap.

Just as safety systems in cars assist drivers, future operating rooms
may integrate real-time Al systems to monitor surgeries and provide real-
time safety and performance updates to the surgical team. Data-driven
performance monitoring and assessment using Al can provide essential
information in outlining what constitutes technical expertise, differen-
tiating between an expert surgeon and a novice trainee, or between
successful and suboptimal actions. This information can be used for
training and quality assurance purposes. These systems may become an
important component of the competency-based approach in surgery in
benchmarking and certification to ensure technical competency.
Furthermore, continuous monitoring allows for the detection of intra-
operative events.® These events may be outlined/defined specifically for
each surgery, where early mitigation may decrease errors and improve
outcomes.

Our real-time Al system has been shown to provide continuous
assessment, risk detection, and feedback capabilities in a high-fidelity
surgical simulator.” The results of two randomized controlled trials
(RCTs) have shown that this Al system can monitor technical skills and
provide more efficient feedback than expert instructors.>® These RCTs
were conducted in a training setting using a realistic brain tumor resec-
tion simulation task where Al feedback resulted in significantly improved
technical skills, highlighting some limitations in expert human attention
and judgment, suggesting that real-time Al assistance and quantifiable
feedback may improve technical skills.>°

In order to translate this system to the real operating room, we have
taken a computer vision (CV) approach. CV applications enable previ-
ously unfeasible approaches to intraoperative surgical assessment, such
as instrument presence detection, instrument tracking, surgical gesture,
step, and phase detection, and intraoperative event prediction.” At our
institution, the Children's National Hospital, Washington, D.C., we
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deploy Al to capture surgical performance data in real-time and store it
on the cloud. As an exemplary approach, we demonstrate a pipeline for
deploying Al-based surgical performance monitoring, which provides
real-time intraoperative data collection and feedback using computer
vision (Fig. 1). Video output from cameras, such as endoscopic and
microscopic cameras, was streamed to a local device. Computer vision
tools, such as optical flow and YoloV8 models, were employed to detect
surgical scenes, instrument positions, and camera movement, and iden-
tify surgical steps.” Surgical performance was quantified in real-time
through performance metrics such as instrument movement, safety,
dexterity, and efficiency. Video recordings were automatically anony-
mized and securely uploaded to the cloud. The code repository is avail-
able for large-scale multi-institutional applications.® This application
required only an HDMI capture card, costing 20$, that connects video
output from an endoscope or microscope to a computer that runs our
code repository.8 Our application provides the engineering backbone to
enable the exploration of the benefits of real-time Al and quantifiable
feedback in the operating room, potentially improving operative
outcomes.

A key advantage of this application is its convenient solution to
automate both visual data collection and computer vision-based perfor-
mance analytics. This may help identify intraoperative events, uncover
important performance features related to surgical outcomes, and pro-
vide feedback to surgeons during or after the procedure.” Our application
provides a convenient Al tool for clinicians to utilize existing operating
room data. Instead of storing large quantities of visual data, it permits the
storage of extracted features, such as performance metrics, tissue prop-
erties, and lower-dimensional representations. This approach facilitates
broader collaboration within the surgical community for data recording
and sharing, aiming to develop higher-fidelity Al applications.

We enabled large-scale data collection in our center as well as with
over a hundred collaborating surgeons through a globally available web
platform, surgicalvideo.io, where surgeons worldwide can upload their
surgical videos and receive computer vision-based performance metrics,
facilitating international collaborations and identifying correlations be-
tween surgical actions and outcomes across surgical domains. Estab-
lishing evidence of improved surgical technical skills, reduced
intraoperative adverse events and lower related costs is essential for
encouraging broader adoption of these systems. Over the next years, our
research will focus on identifying important intraoperative parameters
related to surgical outcomes. Identifying these parameters may help
provide feedback to surgeons, which can be tested for efficacy through
pilot studies and subsequent RCTs. Clinics can incorporate real-time or
post-procedural feedback specific to the performance parameters found
essential in their subspecialty. With growing evidence, these systems may
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Connected to any output interface (e.g., HDMI), our application captures, records, and analyzes procedural visual data in real time.

be integrated into standard practice for research, training, and care
improvement.
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