Deep Learning for Robot-Assisted, Minimally Invasive Esophagectomy
Background
Robot-assisted minimally invasive esophagectomy for cancer of the esophagus is one of the most
complex surgical procedures, during which the surgeon relies completely on live endoscopic imaging.
Several vital anatomical structures are located within the operating field, such as the heart, pleura and
lungs, trachea and bronchus, aorta, vena cava, and recurrent laryngeal and vagus nerves (Fig.1). Injury
is easily inflicted to these structures due to their close relationship with the esophagus and the narrow
operating space. The vital anatomical structures are often occluded by other tissue, which makes
spatial orientation during surgery even more complex. Knowing the precise location of these structures
during surgery would help the surgeon to avoid unnecessary damage and improve clinical outcomes,
especially for novice surgeons.

Fig.1: Examples of intraoperative images (right) and corresponding diagrams of the surgical site (left). The lymph nodes are
highlighted in purple, the right bronchus is shown in green. The blue dotted line marks the left edge of the trachea. The yellow
dotted line in panel D represents the arch of the aorta.

Deep learning, and particularly convolutional neural networks (CNNs), are currently gaining
momentum in many image-based fields, and the technology has already dramatically advanced our
ability to automatically analyze medical images. CNNs have been used to analyze medical imaging, but
few studies have focused on the recognition of anatomical structures in surgical videos. Real-time
anatomy recognition can help the surgeon in the detection of visible anatomy. Moreover, it might be
used to match a 3D CT-based anatomy model with the surgical view. In this way, occluded anatomical
structures can be visualized.
Objective & study design
The aim of this project is to develop a novel deep learning-based method to automatically recognize
vital anatomical structures in endoscopic esophagectomy images. The project will comprise of the
following steps:
a) Data acquisition and pre-processing: acquire anatomical annotations of the anatomical site for
a selection of the available video data. In this phase of the project, the student will gain
understanding of state-of-the-art robot-assisted surgical workflows and techniques, and
consult with gastrointestinal oncologic surgeons of the UMC Utrecht on which structures are
most relevant to detect during surgery. Initially, we will probably focus on one or two
anatomical structures, such as the trachea or the aortic arch.

b) Develop a custom CNN architecture that takes video images as input (2D images + time
component) and gives anatomical annotations as output.
c) Train the network on data provided by UMC Utrecht: ~ 500 videos of robot-assisted surgeries
are available from the past 15 years. The algorithm will be validated by evaluating its the
performance on a hold-out test set and asking feedback from the involved clinicians.
d) Acquire patient specific 3D anatomy models based on CT-imaging (CT images are available) to
match with the endoscopic view for surgical orientation.
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