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Robotic surgery has different meanings to different people.  In its truest definition, one that is presently under investigation by DARPA and the Telemedicine and Advanced Technology Research Center (TATRC) in the “Traumapod” initiative, it refers to machines autonomously performing surgical procedures. In its current use, it refers to robot-assisted surgery where surgeons operate either directly or over a distance (Telesurgery) through robotic end effectors.  Examples of this type of robot include the daVinci (Intuitive Surgical, Inc) and the Zeus (Computer Motion, Inc., purchased by Intuitive). It can also refer to autonomous part task systems such as the Robodoc which mills bone for joint replacement surgery.  The latter systems have found increasing popularity within the subspecialty niches for which they were developed, while the former, the robotic surgical assistants, are still widely viewed as extravagances found at large academic medical centers.  As one leading PROPONENT of these systems noted, “as long as I can out-operate a robot I can’t see the use for one”.  Utility, size, cost- and clinical-benefit, and related issues have continued to create a developmental choke point for robotic surgical assistants.  Despite the current problems, these systems have the potential to make surgery safer, physically easier for patients and surgeons, and more cost effective. In September 2004, TATRC gathered many of the pioneers of the field for an Integrated Research Team meeting to identify the causes of the choke point and to develop an R&D roadmap designed to move the technology forward.  The following issues were determined to be of greatest import in moving forward:
Issues of robot form factor and function were addressed. The robotic surgical assistant is more modular, end effector structure and function are highly refined to allow for haptics and awareness of surroundings (smart instruments) as well as requiring a minimum of instrument changes (multifunctional instruments), and the surgeon interface of controllers and monitors is ergonomically designed.  In the area of Telesurgery the issues of latency and jitter must be addressed, since most surgeons cannot accommodate to latencies of greater than 500ms. Improved CODECs used for data transmission could alleviate a significant amount of these problems.

Issues of computer integration of surgical processes was also addressed.  Robotic surgical assistants should be viewed as a type of computer assisted surgery.  The computers need to be integrated and “plug and play” interoperable with other systems in the operating room to include imaging systems and electronic patient records. Just as the robots should be physically modular, the software should be modular and would benefit from an open, distributed architecture.  A distributed Operating Room computer system would allow data integration and fusion between devices and systems, with the robot and surgeon as the nexus of that system. Computer-enforced safety (clutching of end effectors when safety parameters are surpassed) and procedure automation (e.g. suture tying) would be enabled by the computer’s ability to know where the end effectors, surgeon, and patient are in space at any given moment, registering this information with pre-and intraoperative imaging.  In essence, the computer system would become a partner on the operative team.
Two other areas were deemed relevant by the experts.  Integration of robotic systems into the medical enterprise, and the use of modeling and simulation for surgical planning, rehearsal and execution.  It is believed that robotic surgical assistants have an important role in the future of surgery.  However, the issues identified will require government and industry investment on the level of a “Grand Challenge” to move the arena forward so that the promise of these systems can be realized.
In closing, the three most important challenges in surgical robotics are:

1. Generate buy-in from the surgical community

2. Demonstrate improved outcomes and cost benefit of surgical robotic assistants

3. Address ergonomic shortcomings of existing robotic systems

The three most important information technology needs in this arena are:

1. Plug and Play Interoperability standards between existing robots, other operating room equipment and imaging and clinical information systems.

2. Development of a standardized, modular surgical robotic operating system (OS) that includes computer-enforced safety enhancements.

3. Development of CODECs to allow improved telerobotic surgery

A possible roadmap would begin with a policy level meeting at NIH where stakeholders could meet to determine how to generate the required funding for the needed research and development.  Experts have proposed that one disease process currently managed with surgical robotics should be used to demonstrate benefit and as a platform for development of new technologies.  Meanwhile, smart instruments that allow delivery of haptic and other information to the surgeon should be developed (e.g. situational awareness needs to be improved).  Automation of procedures and computer-enforced safety systems can also begin to be developed.  In the mid-term a new modular lightweight robot incorporating latest ergonomic and IT enhancements can be fielded.  In the 10 year timeframe much of what is discussed in this paper could be addressed if sufficient funding is made available. 
