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Robotics in Surgery - Past, Present and Future
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The first description of use of surgical robot was for taking
neurosurgical biopsies with precision using PUMA 560 model in 1985
[1]. Subsequently another robotic system was designed so as to assist
in performing transurethral resection called as PROBOT. A few years
later, Integrated Surgical Systems developed a robotic system called
ROBODOC in 1992 [2]. This robot was mainly used in orthopaedics
where it was found to be useful in accurate implantation of prosthesis
in knee and hip arthroplasty procedures. As these surgical robots were
found to be very useful in assisting various procedures, need was felt to
develop robot which could assist in holding laparoscopic camera. And
soon a surgical robot came in to the market after FDA approval in 1994
by the name of AESOP [Automated Endoscopic System for Optimal
Positioning] [3]. This was first of its kind robotic system which allowed
the operating surgeon to control the position of the endoscope using
either voice commands or a foot pedal. With further advancement in
technology, first master slave robot called ZEUS robotic system was
developed in 1998 which not only allowed the surgeon to control the
endoscope but also provided platform to perform surgery from remote
distance using manipulating robotic arms. Subsequently this robotic
system was further refined and modified to develop da Vinci Surgical
System which is the most widely used surgical robot in today’s surgical
practice.

This currently used robotic system has several advantages over open
or laparoscopic surgery which includes 3D high definition magnified
vision, tremor filtration, and better ergonomics with the use of Endo-
wrist instruments which provide 540 degrees of freedom. It has been
used by all the subspecialties of surgical field including cardiovascular
surgeries, gastrointestinal surgeries. But these theoretical advantages
have failed to translate in to better postoperative outcomes universally.
It has been found to be most useful in urological and gynaecological
cases with respect to better post operative outcomes. Various other
robotic systems like the NeuroArm, Spine Assist and Renaissance have
been developed for neurosurgery, spine surgery where da Vinci system
has limitations.

In order to reduce postoperative pain, improve cosmesis, single
incision laparoscopic surgery was developed as a step towards being
more minimally invasive. But this technique suffers from some major
drawbacks like poor ergonomics, lack of triangulation, crowding of
instruments preventing its wide spread use. In order to overcome these
deficiencies, Intuitive Surgical Inc. designed special set of instruments
and multichannel access port. This port has two curved cannulae for
placing robotic instruments, one channel for endoscope, one bedside
assistant surgeon port and an insufflation valve.

But the major drawbacks of the existing robotic system like da
Vinci system which is preventing their widespread use are the lack of
haptic feedback, bulky set up, additional docking time and high cost.
Inorder to provide haptic feedback many new accessories like haptic
hand controllers, haptic pedal have been tested in experimental studies
and have shown promising results [4,5]. With future advances in
technology, we are likely to see surgical robots which are less bulky
and more flexible. Technology is advancing at rapid pace and there has
been development of specialized flexible endoscopic robot which will
help in performing complex gastrointestinal surgeries using NOTES

technique [6]. New generation surgical robots like cognitive surgical
robots, modular miniature robots are likely to take robotic surgery to
altogether new standards [7,8]. The cost of robotic surgery is likely to
reduce in future with reduction in cost of research, manufacturing and
marketing.

At present it would be desirable to say that the technology of
surgical robots is evolving and advancing at rapid pace and is likely to
make robotic assisted surgery more efficient with better postoperative
outcomes and cosmesis in future.
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