ROBOTIC SUGERY

Robotic surgery, computer-assisted surgery, and robotically-assisted surgery are terms for
technological developments that use robotic systems to aid in surgical procedures.

Robotically-assisted surgery was developed to overcome both the limitations of minimally
invasive surgery or to enhance the capabilities of surgeons performing open surgery. In the case
of robotically assisted minimally invasive surgery, instead of directly moving the instruments,
the surgeon uses one of two methods to control the instruments; either a direct telemanipulator or
by computer control. A telemanipulator is a remote manipulator that allows the surgeon to
perform the normal movements associated with the surgery whilst the robotic arms carry out
those movements using end-effectors and manipulators to perform the actual surgery on the
patient. In computer-controlled systems the surgeon uses a computer to control the robotic arms
and its end-effectors, though these systems can also still use telemanipulators for their input. One
advantage of using the computerized method is that the surgeon does not have to be present,
indeed the surgeon could be anywhere in the world, leading to the possibility for remote surgery.
In the case of enhanced open surgery, autonomous instruments (in familiar configurations)
replace traditional steel tools, performing certain actions (such as rib spreading) with much
smoother, feedback-controlled motions than could ever be achieved by a human hand. The main
object of such smart instruments is to reduce or eliminate the tissue trauma traditionally
associated with open surgery without requiring more than a few minutes' training on the part of
surgeons. This approach seeks to improve that lion's share of surgeries, particularly cardio-
thoracic, that minimally invasive techniques have so failed to supplant.
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In 1985 a robot, the PUMA 560, was used to place a needle for a brain biopsy using CT guidance
In 1988, the PROBOT, developed at Imperial College London, was used to perform prostatic
surgery by Dr. Senthil Nathan at Guy's and St Thomas' Hospital, London. The ROBODOC from
Integrated Surgical Systems was introduced in 1992 to mill out precise fittings in the femur for
hip replacement. Further development of robotic systems was carried out by Intuitive Surgical
with the introduction of the da Vinci Surgical System and Computer Motion with the AESOP
and the ZEUS robotic surgical system. (Intuitive Surgical bought Computer Motion in 2003;
ZEUS is no longer being actively marketed.

The da Vinci Surgical System comprises three components: a surgeon’s console, a patient-side
robotic cart with 4 arms manipulated by the surgeon (one to control the camera and three to
manipulate instruments), and a high-definition 3D vision system. Articulating surgical
instruments are mounted on the robotic arms which are introduced into the body through
cannulas. The original telesurgery robotic system that the da Vinci was based on was developed
at SRI International in Menlo Park with grant support from DARPA and NASA. Although the
telesurgical robot was originally intended to facilitate remotely performed surgery in battlefield
and other remote environments, it turned out to be more useful for minimally invasive on-site
surgery. The patents for the early prototype were sold to Intuitive Surgical in Mountain View,
California.

The da Vinci senses the surgeon’s hand movements and translates them electronically into
scaled-down micro-movements to manipulate the tiny proprietary instruments. It also detects and
filters out any tremors in the surgeon's hand movements, so that they are not duplicated
robotically. The camera used in the system provides a true stereoscopic picture transmitted to a
surgeon's console. The da Vinci System is FDA cleared for a variety of surgical procedures
including surgery for prostate cancer, hysterectomy and mitral valve repair, and is used in more
than 800 hospitals in the Americas and Europe. The da Vinci System was used in 48,000
procedures in 2006 and sells for about $1.2 million.The new da Vinci HD Sl released in April,
2009 currently sells for $1.75 million. The first robotic surgery took place at The Ohio State
University Medical Center in Columbus, Ohio under the direction of Dr. Robert E. Michler,
Professor and Chief, Cardiothoracic Surgery
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Timeline

e In May 1998, Dr. Friedrich-Wilhelm Mohr using the da Vinci Surgical System performed
the first robotically assisted heart bypass at the Leipzig Heart Centre in Germany

e InJuly 1998 a reconnection of the fallopian tubes operation was performed successfully
in Cleveland using ZEUS.

e On 2 September 1999, Dr. Randall Wolf and Dr. Robert Michler performed the first
robotically assisted heart bypass in the USA at The Ohio State University

e In October 1999 the world's first surgical robotics beating heart coronary artery bypass
graft (CABG) was performed in Canada by Dr. Douglas Boyd and Dr. Reiza Rayman
using the ZEUS surgical robot.

e On 22 November 1999 — the first closed-chest beating heart cardiac hybrid
revascularization procedure is performed at the London Health Sciences Centre (London,
Ontario). In the first step of a two step procedure Dr. Douglas Boyd used Zeus to perform
an endoscopic, single-vessel heart bypass surgery on a 55 year-old male patient's left
anterior descending artery. In the next step of the procedure William Kostuk, MD,
Professor of Cardiology of the University of Western Ontario, completed an angioplasty
revascularization on the patient's second occluded coronary vessel. This multi-step
procedure marked one of the first integrative approaches to treating coronary disease.

e On 7 September 2001, Dr. Jacques Marescaux and Dr. Michel Gagner, while in New
York, used the Zeus robotic system to remotely perform a cholecystectomy on a 68-year-
old female patient who was in Strasbourg, France. (The Lindbergh Operation.)

e In May 2006 the first Al doctor-conducted unassisted robotic surgery on a 34 year old
male to correct heart arythmia. The results were rated as better than an above-average
human surgeon. The machine had a database of 10,000 similar operations, and so, in the
words of its designers, was "more than qualified to operate on any patient." The designers
believe that robots can replace half of all surgeons within 15 years

e In February 2008, Dr. Mohan S. Gundeti of the University Of Chicago Comer Children's
Hospital performed the first robotic pediatric neurogenic bladder reconstruction. The
operation was performed on a 10-year-old girl.
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In June 2008 the German Aerospace Center (DLR) presented the first robotic system for
minimally invasive surgery with force-feedback in 7 dof in the tip of the instrument,
distal of the 2-dof hand wrist (Microsurgery)

e InJanuary 2009, Dr. Todd Tillmanns reported the results of the largest multi-
institutional study on the use of the da-Vinci robotic surgical system in gynecologic
oncology and included learning curves for current and new users as a method to assess
their acquisition of skills using the device

e InJanuary 2009, the first all-robotic-assisted kidney transplant was performed at Saint
Barnabas Medical Center in Livingston, New Jersey by Dr. Stuart Geffner.

e The same team performed eight more fully robotic-assisted kidney transplants over the
next six months.

e In September 2010, the Eindhoven University of Technology announced the
development of the Sofie surgical system, the first surgical robot to employ force
feedback

e In September 2010, the first robotic operation at the femoral vasculature was performed

at the University Medical Centre Ljubljana by a team led by Borut Gersak. The robot

used was the first true robot, meaning it was not simply mirroring the movement of
human hands, but was guided by pressing on buttons (See the vascular surgery section of
this article.)

Advantages and disadvantages

Major advances aided by surgical robots have been remote surgery, minimally invasive surgery
and unmanned surgery. Some major advantages of robotic surgery are precision, miniaturization,
smaller incisions, decreased blood loss, less pain, and quicker healing time. Further advantages
are articulation beyond normal manipulation and three-dimensional magnification, resulting in
improved ergonomics. Robotic techniques are also associated with reduced duration of hospital
stays, blood loss, transfusions, and use of pain medication.

With the cost of the robot at $1,390,000 dollars and disposable supply costs of $1,500 per
procedure, the cost of the procedure is higher. Additional surgical training is needed to operate
the system. Numerous feasibility studies have been done to determine whether the purchase of
such systems are worthwhile. As it stands, opinions differ dramatically. Surgeons report that,
although the manufacturers of such systems provide training on this new technology, the learning
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phase is intensive and surgeons must operate on twelve to eighteen patients before they adapt.
Moreover during the training phase, minimally invasive operations can take up to twice as long
as traditional surgery, leading to operating room tie ups and surgical staffs keeping patients
under anesthesia for longer periods. Patient surveys indicate they chose the procedure based on
expectations of decreased morbidity, improved outcomes, reduced blood loss and less pain.
Higher expectations may explain higher rates of dissatisfaction and regret.

Advantages of this technique are that the incisions are small and patient recovery is quick. In
traditional open-heart surgery, the surgeon makes a ten to twelve-inch incision, and then gains
access to the heart by splitting the sternum (breast bone) and spreading open the rib cage. The
patient is then placed on a heart-lung machine and the heart is stopped for a period of time during
the operation. This approach can be associated with postoperative infection and pain, and
prolonged time to complete recovery. Because patient recovery after robot-assisted heart surgery
is quicker, the hospital stay is shorter. On average patients leave the hospital two to five days
earlier than patients who have undergone traditional open-heart surgery and return to work and
normal activity 50% more quickly Reduced recovery times are not only better for the patient,
they also reduce the number of staff needed during surgery, nursing care required after surgery,
and, therefore, the overall cost of hospital stays.

Compared with other minimally invasive surgery approaches, robot-assisted surgery gives the
surgeon better control over the surgical instruments and a better view of the surgical site. In
addition, surgeons no longer have to stand throughout the surgery and do not tire as quickly.
Naturally occurring hand tremors are filtered out by the robot’s computer software. Finally, the
surgical robot can continuously be used by rotating surgery teams.

Critics of the system say there is a steep learning curve for surgeons who adopt use of the
system and that there's a lack of studies that indicate long-term results are superior to results
following traditional laparoscopic surgery. This is partly due to the difficulty that surgeons using
robotic surgery face in getting their result published by mainstream medical journals. On the
other hand, articles in the newly created Journal of Robotic Surgery tend to report on one
surgeon’s experience.

A Medicare study found that some procedures that have traditionally been performed with large
incisions can be converted to "minimally invasive™ endoscopic procedures with the use of the Da
Vinci, shortening length-of-stay in the hospital and reducing recovery times. But because of the


http://en.wikipedia.org/wiki/Sternum
http://en.wikipedia.org/wiki/Rib_cage
http://en.wikipedia.org/wiki/Heart-lung_machine
http://en.wikipedia.org/wiki/Journal_of_Robotic_Surgery
http://www.google.co.in/imgres?q=robotic+surgery&um=1&hl=en&sa=N&biw=1024&bih=609&tbm=isch&tbnid=_SjE7dN5U3a4yM:&imgrefurl=http://dribrook.blogspot.com/2010/10/transoral-robotic-surgery-tors-update.html&docid=xrSh4_19q04wZM&imgurl=http://4.bp.blogspot.com/_Uf5f7SzC8gE/TREPg7FFDOI/AAAAAAAABW8/pWiFWqAf4Ew/s1600/davinci-fig1.jpg&w=829&h=599&ei=xxXwT--XGYnorQe_8um9DQ&zoom=1&iact=hc&vpx=587&vpy=157&dur=1250&hovh=191&hovw=264&tx=112&ty=75&sig=112046425194010801297&page=2&tbnh=131&tbnw=165&start=17&ndsp=19&ved=1t:429,r:17,s:17,i:223
http://www.google.co.in/imgres?q=robotic+surgery&um=1&hl=en&sa=N&biw=1024&bih=609&tbm=isch&tbnid=8hPtj04Sptv2VM:&imgrefurl=http://www.montclairurology.com/robotic_surgery.shtml&docid=uJI9BTj3xSl5SM&imgurl=http://www.montclairurology.com/robotic_surgery.jpg&w=510&h=343&ei=xxXwT--XGYnorQe_8um9DQ&zoom=1&iact=hc&vpx=330&vpy=264&dur=94&hovh=184&hovw=274&tx=143&ty=73&sig=112046425194010801297&page=3&tbnh=136&tbnw=194&start=36&ndsp=20&ved=1t:429,r:17,s:36,i:285

hefty cost of the robotic system it is not clear that it is cost-effective for hospitals and physicians
despite any benefits to patients since there is no additional reimbursement paid by the
government or insurance companies when the system is used.

Applications

General surgery

In early 2000 the field of general surgical interventions with the daVinci device was explored by
surgeons at Ohio State University. Reports were published in esophageal and pancreatic surgery
for the first time in the world and further data was subsequently published by Horgan and his
group at the University of Illinois and then later at the same institution by others. In 2007, the
University of Illinois at Chicago medical team, led by Prof. Pier Cristoforo Giulianotti, reported
a pancreatectomy and also the Midwests fully robotic Whipple surgery. In April 2008, the same
team of surgeons performed the world's first fully minimally invasive liver resection for living
donor transplantation, removing 60% of the patient's liver, yet allowing him to leave the hospital
just a couple of days after the procedure, in very good condition. Furthermore the patient can
also leave with less pain than a usual surgery due to the four puncture holes and not a scar by a
surgeon.
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Cardiothoracic surgery

Robot-assisted MIDCAB and Endoscopic coronary artery bypass (TECAB) operations are being
performed with the da Vinci system. Mitral valve repairs and replacements have been performed.
East Carolina University, Greenville (Dr W. Randolph Chit wood), Saint Joseph's Hospital,
Atlanta (Dr Douglas A. Murphy), and Good Samaritan Hospital, Cincinnati (Dr J. Michael
Smith) have popularized this procedure and proved its durability with multiple publications.
Since the first robotic cardiac procedure performed in the USA in 1999, The Ohio State
University, Columbus (Dr. Robert E. Michler, Dr. Juan Crestanello, Dr. Paul VVesco) has
performed CABG, mitral valve, esophagectomy, lung resection, tumor resections, among other
robotic assisted procedures and serves as a training site for other surgeons. In 2002, surgeons at
the Cleveland Clinic in Florida (Dr. Douglas Boyd and Kenneth Stahl) reported and published
their preliminary experience with minimally invasive "hybrid" procedures. These procedures
combined robotic revascularization and coronary stenting and further expanded the role of robots
in coronary bypass to patients with disease in multiple vessels. Ongoing research on the
outcomes of robotic assisted CABG and hybrid CABG is being done by Dr. Robert Poston.

Cardiology and electrophysiology

The Stereo taxis Magnetic Navigation System (MNS) has been developed to increase precision
and safety in ablation procedures for arrhythmias and atrial fibrillation while reducing radiation
exposure for the patient and physician, and the system utilizes two magnets to remotely steerable
catheters. The system allows for automated 3-D mapping of the heart and vasculature, and MNS
has also been used in interventional cardiology for guiding stents and leads in PCl and CTO
procedures, proven to reduce contrast usage and access tortuous anatomy unreachable by manual
navigation. Dr. Andrea Natale has referred to the new Stereotaxis

Procedures with the magnetic irrigated catheters as "revolutionary.”
The Hansen Medical Sensei robotic catheter system uses a remotely operated system of pulleys

to navigate a steerable sheath for catheter guidance. It allows precise and more forceful
positioning of catheters used for 3-D mapping of the heart and vasculature. The system provides
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doctors with estimated force feedback information and feasible manipulation within the left
atrium of the heart. The Sensei has been associated with mixed acute success rates compared to
manual, commensurate with higher procedural complications, longer procedure times but lower
fluoroscopy dosage to the patient.

At present, three types of heart surgery are being performed on a routine basis using robotic
surgery systems. These three surgery types are:

o Atrial septal defect repair — the repair of a hole between the two upper chambers of the
heart,

« Mitral valve repair — the repair of the valve that prevents blood from regurgitating back
into the upper heart chambers during contractions of the heart,

o Coronary artery bypass — rerouting of blood supply by bypassing blocked arteries that
provide blood to the heart.As surgical experience and robotic technology develop, it is
expected that the applications of robots in cardiovascular surgery will expand.

Gastrointestinal surgery

Multiple types of procedures have been performed with either the 'Zeus' or da Vinci robot
systems, including bariatric surgery. Surgeons at various universities initially published case
series demonstrating different techniques and the feasibility of GI surgery using the robotic
devices. Specific procedures have been more fully evaluated, specifically esophageal
fundoplication for the treatment of gastro esophageal reflux and Heller myotomy for the
treatment of achalasia.
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Other gastrointestinal procedures including colon resection, pancreatectomy, esophagectomy and
robotic approaches to pelvic disease have also been reported.

Gynecology

Robotic surgery in gynecology is one of the fastest growing fields of robotic surgery. This
includes the use of the da Vinci surgical system in benign gynecology and gynecologic
oncology. Robotic surgery can be used to treat fibroids, abnormal periods, endometriosis,
ovarian tumors, pelvic prolapse, and female cancers. Using the robotic system, gynecologists can
perform hysterectomies, myomectomies, and lymph node biopsies. The need for large abdominal
incisions is virtually eliminated.

Robot assisted hysterectomies and cancer staging are being performed using da Vinci robotic
system. The University of Tennessee, Memphis (Dr. T. Tillmanns, Dr. Saurabh Kumar),
Northwestern University (Dr. Patrick Lowe), Aurora Health Center (Dr. Scott Kamelle), West
Virginia University (Dr. Jay Bringman) and The University of Tennessee, Chattanooga (Dr.
Donald Chamberlain) have extensively studied the use of robotic surgery and found it to improve
morbidity and mortality of patients with gynecologic cancers. They have also for the first time
reported robotic surgery learning curves for current and new users as a method to assess
acquisition of their skills using the device. Dr.'s Joseph Prezzato and Burton Brodsky have
utilized this equipment for gynecological procedures in Southeastern Michigan.

Neurosurgery

Several systems for stereotactic intervention are currently on the market. MD Robotics’
NeuroArm is the world’s first MRI-compatible surgical robot. Medtech's Rosa is being used by
several institutions, including the Cleveland Clinic in the U.S. and Sherbrooke University in
Canada.

Orthopedics

The ROBODOC system was released in 1992 by Integrated Surgical Systems, Inc. which
merged into CUREXO Technology Corporation. Also, The Acrobot Company Ltd. sells the
"Acrobot Sculptor", a robot that constrains a bone cutting tool to a pre-defined volume.
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Another example is the CASPAR robot produced by U.R.S.-Ortho GmbH & Co. KG, which is
used for total hip replacement, total knee replacement and anterior cruciate ligament
reconstruction.

Pediatrics

Surgical robotics has been used in many types of pediatric surgical procedures including:
tracheoesophageal fistula repair, cholecystectomy, nissen fundoplication, morgagni's hernia
repair, kasai portoenterostomy, congenital diaphragmatic hernia repair, and others. On 17
January 2002, surgeons at Children's Hospital of Michigan in Detroit performed the nation's first
advanced computer-assisted robot-enhanced surgical procedure at a children's hospital.

The Center for Robotic Surgery at Children's Hospital Boston provides a high level of expertise
in pediatric robotic surgery. Specially-trained surgeons use a high-tech robot to perform complex
and delicate operations through very small surgical openings. The results are less pain, faster
recoveries, shorter hospital stays, smaller scars, and happier patients and families.

In 2001, Children's Hospital Boston was the first pediatric hospital to acquire a surgical robot.
Today, surgeons use the technology for many procedures and perform more pediatric robotic
operations than any other hospital in the world. Children's Hospital physicians have developed a
number of new applications to expand the use of the robot, and train surgeons from around the
world on its use.

Radio surgery

The Cyber Knife Robotic Radio surgery System uses image guidance and computer controlled
robotics to treat tumors throughout the body by delivering multiple beams of high-energy
radiation to the tumor from virtually any direction. The system uses a German KUKA KR 240.
Mounted on the robot is a compact X-band linac that produces 6MV X-ray radiation. Mounting
the radiation source on the robot allows very fast repositioning of the source, which enables the
system to deliver radiation from many different directions without the need to move both the
patient and source as required by current gantry configurations.

Urology

Robotic surgery in the field of urology has become very popular, especially in the United States.
It has been most extensively applied for excision of prostate cancer because of difficult
anatomical access. It is also utilized for kidney cancer surgeries and to lesser extent surgeries of
the bladder. New minimally invasive robotic devices include ultrasound probes for selective
excisions of kidney tumors, steerable flexible needles for use in prostate brachytherapy.

In 2000, the first robot-assisted laparoscopic radical prostatectomy was performed.
Surgeons at the University of Illinois at Chicago College of Medicine were the first to offer

robotic kidney transplantation to morbidly obese patients- having BMIs (body mass indexes)
over 50- and since 2009, have done 13 procedures (100 percent patient and graft survival with no
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complications). They report fewer complications among this high-risk population (wound
infections go from 15 percent in open surgery to 0 percent, pulmonary complications decrease to
0 percent from 9 percent, length of hospitalization is reduced from 8.5 days to 5 days). Most
Illinois transplant centers do not take anyone for renal transplant with a BMI of over 40- and so
those patients have no other access to kidney transplantation and experience high mortality rates
while on dialysis, which becomes their only other available therapy.

In March 2011, the President of Slovenia Danilo Tiirk underwent robot-assisted prostate cancer
treatment at the Urology Institute in Innsbruck.

Vascular surgery

In September 2010, the first robotic operations at the femoral vasculature were performed at the
University Medical Centre Ljubljana (UMC Ljubljana), Slovenia. The research was led by Borut
Gersak, the head of the Department of Cardiovascular Surgery at the centre. GerSak explained
that the robot used was the first true robot in the history of robotic surgery, meaning the user
interface was not resembling surgical instruments and the robot was not simply imitating the
movement of human hands but was guided by pressing buttons, just like one would play a video
game. The robot was imported to Slovenia from the United States.

Miniature robotics

As scientists seek to improve the versatility and utility of robotics in surgery, some are
attempting to miniaturize the robots. For example, the University of Nebraska Medical Center
has led a multi-campus effort to provide collaborative research on mini-robotics among
surgeons, engineers and computer scientists.
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