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We have conducted several research topics for development of integrated personalized surgical
assistance system for gastrointestinal cancer treatments. These topics include (a) medical image data
collection of surgical cases, (b) intraoperative data collection, (c) development of preoperative planning
system, (d) development of pre-operative simulation system using personalized 3D printed organ mode,
(e) development of intra-operative surgical navigation system, and (f) clinical applications of these
topics.

As the preoperative planning system, we developed the following three systems: (a) anatomical
labeling system for blood vessels, (b) lymph node diagnosis and (c) surgical port placement planning.
In the anatomical labeling, blood vessel segmentation method is developed. In this method, the user
specifies one point inside the thick blood vessels like artery on a CT slice image for performing
automated thick blood vessel segmentation. Then iterative extraction process is performed so that to
extract thinner blood vessels connecting to thick blood vessels. Then anatomical labeling is performed
based on machine learning techniques to obtain anatomical labels of abdominal artery and portal vein
branches. Branching pattern report are also automatically generated from anatomical labeling results
as a text document with showing some illustrations (schemas). We have also developed a technique for
automated station number assignment of anatomical lymph nodes. In development of port placement
planning system, we have developed a new method to predict port locations for forceps based on blood
vessel locations. In the development process, we have acquired actual locations of ports located on the
skin surface and locations of blood vessels to be operated. Databsse of these information are utilized
for developing the algorithm for port placement planning. We found that port placement planning
system can provide the places closer to experience surgeons’ decision.

In preoperative simulation system, we manufactured 3D printed elastic organ mode from the shape
information of organs related to the gastrointestinal cancer surgery such as the blood vessel, the liver
and the pancreas. Then, the 3D printed model are placed on a surgical table with providing optimal
port location obtained from the port placement planning system, Surgical process rehearsal can be
performed for these 3D printed elastic organ mode with 3D printed port-holder located at the optimal
positions. We conducted an experiment using this simulation system and found it is quite useful for
surgical procedure training tool based on personalized anatomical structure information and
personalized port placement planning.

In surgical navigation system, we developed a method for registering the coordinate system of pre-
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operative CT images and the coordinate system of the positional tracking system utilized in the
operating room for surgical tool tracking. We have developed various approaches for coordinate system
registration including a method using blood vessel locations, a method using organ surface information
and a method using both blood vessel location information an organ surface information, and a method
using blood vessel branching point location found by ex-vivo ultrasound images. New measuring
device for elastic laparoscopic bending angle is developed. Bending angle information is used to
generated virtual laparoscopic images from preoperative CT image synchronized to laparoscopic views.
This research project also augmented surgical navigation views by providing bird-eye views of surgical
areas. This view shows the locations of the laparoscope and the forceps are shown from the view point
of “third-person”. Voice activation function is also implemented in the navigation system. Anatomical
names can be used as a part of voice command. It has become to generate appropriate 3D views of the
blood vessel that are recalled by voice command. Surgeon’s anatomical knowledge and experience are
implemented as algorithm for determining the viewpoint and view direction of a virtual view of recalled
blood vessels.

All of the functions are integrated to one surgical navigation system for realizing an integrated and

personalized navigation system,
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