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“The best way to predict the future is to create it”
Peter Drucker
Definition of Robot
The Oxford dictionary defines robot as a machine capable of carrying out a
complex series of actions automatically, especially one programmable by a computer. Other definitions include: 1) a machine resembling a human being and able
to replicate certain human movements and functions automatically and 2) a real or
imaginary machine that is controlled by a computer and is often made to look like
a human or animal.
History of the Robot
Leonardo da Vinci is credited as being the creator of the first robot in human
form in 14951. The robot is described as a knight in German-Italian medieval armor
and able to make several human-like movements (Figure 1). Leonardo da Vinci
created the robot to prove that a human beings’ body could be imitated. Leonardo
used his extensive studies of anatomy and kinaesthetics to design the robot. His
creation was an extension of his hypothesis that a human body is a machine in
structure and that it’s intricate movements could be imitated with the use of
gears and wheels that were connected to an elaborate pulley and cable system
(https://youtu.be/fv5otcRKHpo). Through these mechanisms, da Vinci’s robot was
capable of independent motion and
could walk, stand, sit, move his arms
and close and open his mouth. Sadly, the robot was lost or destroyed
long time ago. Since the discovery of
Leonardo’s sketchbook in 1957 containing the drawings of the robot, a
replica was faithfully built by Mark
Rosheim in 2002 (Leonardo’s Lost
Robots, Springer 2006).
The word ‘robot’ was first used
to denote a fictional humanoid in
a 1920 science fiction play by the
Czech writer Karel Capek, R.U.R. 2.
R.U.R. stands for Rossumovi UniFigure 1. Leonadro da Vinci’s mechanical Knight. verzální Roboti (Rossum’s Univer-
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sal Robots). The play premiered on 25 January 1921 in Prague and introduced the
word “robot” to the English language and to science fiction as a whole. The Czeck
word “robota” is translated as “servitude” or “forced labor”. In this play the robots
were not mechanical men made of metal. Instead they were molded out from synthetic organic matter that resembled humans and could think for themselves. Each
robot could do the work of two-and-a-half human laborers, so that humans might
be free to have no other task, no other work, no other cares than perfecting themselves. The robots seem happy to work for humans at first. However, they came
to realize that even though they have “no passion, no history, no soul,” they were
stronger and smarter than humans. A hostile robot rebellion lead eventually to the
extinction of the human race.
Among the science fiction authors, Isaac Asimov contributed greatly with
several publications related to robots. Asimov was one of the most prolific writers
of all time, having written or edited more than 500 books. He is often credited for
being the first person to use the term robotics in the short story “Runaround” composed in the 1940s 3. Robotics is the branch of mechanical engineering, electrical
engineering and computer science that deals with design, construction, as well as
computer systems for their control, sensory feedback, and information processing.
In the story, Asimov suggested three principles to guide the behavior of robots
and smart machines. Asimov’s Three Laws of Robotics, as they are called, have
survived to the present.
1. The First Law of Robotics: A robot may not injure a human being or, through
inaction, allow a human being to come to harm.
2. The Second Law of Robotics: A robot must obey the orders given to it by human beings, except where such orders would conflict with the First Law.
3. The Third Law of Robotics: A robot must protect its own existence as long as
such protection does not conflict with the First or Second Laws
Consequently, all of Asinov’s robots are faithful servants of human beings
and therefore, different then Capek’s robots.
Robots in Medicine
Robots have been utilized since the 1960’s in several areas including industry, computers, research and agriculture to name a few. “Robotic surgery” is an
imprecise term, but it has been widely used by both the medical and lay press
and is now generally accepted. The term refers to surgical technology that
places a computer-assisted electromechanical device in the path between the
surgeon and the patient. A more scientifically accurate term for current devices
would be “remote tele-presence manipulators” since available technology does
not generally function without the explicit and direct control of a human operator. The Society of American Gastroenterology and Endoscopic Surgeons
(SAGES) defines robotic surgery as a surgical procedure or technology that
adds a computer technology enhanced device to the interaction between a
surgeon and a patient during a surgical operation and assumes some degree
of control previously completely reserved for the surgeon.
Current robotic surgery has its roots in the advantages and disadvantages of
its predecessors. The first robot to assist in surgery was the Arthrobot, which was
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developed and used for the first time in Vancouver in 1983 4. Over 60 arthroscopic
surgical procedures were performed in the first 12 months, and a 1985 National
Geographic video on industrial robots, The Robotics Revolution, featured the device. In 1985 the robot Puma 560 was used to perform brain biopsies with great
precision under CT guidance. Just like with any other technological innovation,
this system led to the development of a new and improved surgical robot called
PROBOT. The PROBOT was specifically designed for transurethral prostatectomy. Meanwhile, when PROBOT was being developed, ROBODOC, a robotic system designed to assist in hip replacement procedures was the first surgical robot
approved by the FDA. Other robots that have been developed include the Zeus,
Socrates, AESOP and da Vinci. The only device currently approved for surgical
procedures in the USA is the da Vinci Surgical System.
Minimally invasive laparoscopic surgery began on September 12, 1985 when
Muhe performed the first cholecyctectomy in Germany 5. Since then, the list of
procedures performed minimally invasive has grown according to the technological advancement and the technical skills of surgeons. Since the beginning, surgical
robots have been created to overcome the limitations of standard laparoscopy and
to improve the benefits of minimally invasive surgery.
In 2000 the da Vinci surgical system became the first surgical robot to get
FDA approval for laparoscopic surgery. According to the manufacturer, the name
“da Vinci” stems from the 15th century inventor, painter, philosopher and Renaissance man: Leonadrdo da Vinci. His study of human anatomy eventually led to
the design of the first known robot in history, the mechanical knight 1. The FDA
has cleared robotic assisted surgery (RAS) devices for surgical procedures in general surgery, cardiac, colorectal, gynecologic, head and neck, thoracic and urologic procedures. Some common procedures that may involve RAS devices are
cholecystectomy, pancreatectomy, hysterectomy, prostatectomy, nephrectomy,
thymectomy, pulmonary lobectomy, coronary artery bypass, valve replacement,
and airway reconstruction. Across multiple surgical specialties, robotic surgery is
felt to offer the greatest advantage in complex reconstructive procedures.
The da Vinci system is designed to help surgeons operate with the capabilities of open surgery but through small incisions or natural orifices. Although the
robot plays a critical role in these procedures, the surgeon remains 100% in charge.
Surgical robots possess neither artificial intelligence nor independent functioning.
In contradistinction to the definition of the word robot, surgical robots currently
cannot be programmed or act in any way without the surgeon’s input.
The da Vinci surgical system is a master-slave system and consists of several
key components including:
1. An ergonomically designed console where the surgeon sits while operating.
With the surgeon sitting at a console a few feet away from the patient, the
system translates the surgeon’s hand movements into corresponding micro-movements of instruments inside the patient’s body (Figure 2).
2. The patient-side cart, which is positioned next to the patient during the
surgical procedure. It includes either three or four robotic arms that carry
out the surgeon’s commands. The system requires that every surgical ma-
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neuver be under the direct control
of the surgeon. The arms accommodate the telescope and the various
surgical instruments to perform the
operations (Figure3).
The vision system is equipped with
a high-definition, 3D endoscope and
image processing equipment. This
system provides true-to-life images
of the patient’s anatomy. The optic
system offers up to 10X magnification and a bright, crisp, natural color
high resolution image. The three dimensional image with depth percep- Figure 2. The console. The surgeon controls
tion represents a great advancement every movement and action of the robot
compared to the two dimensional through the hand and foot controls.
image of conventional laparoscopic
imaging (Figure 4).

Figure 3. The cart, which is position at the side of the patient, has the robotic arms which move
to the command of the surgeon sitting at the console.

4.

Wristed instruments. The instruments are designed with seven degrees of
motion, a range of motion even greater than the human wrist. Each instrument is designed for a specific task, such as clamping, cutting, coagulating,
dissecting, suturing and manipulating tissue. The instrument’s internal cables
provide maximum responsiveness, allowing rapid and precise suturing, dissection and tissue manipulation (Figure 5).
Robotic surgery offers a minimally invasive alternative to both open surgery and standard laparoscopy or thoracoscopy. Robotic systems have several
advantages over conventional endoscopic surgery, including three-dimensional vision, increased range of motion, tremor filtration, improved ergonomics,
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and motion scaling, permitting
surgical tasks to be performed in
confined spaces 6. Advantages of
robotic surgery have been documented across several specialties
and include reduced pain, lower
risk of infection, less blood loss,
shorter hospital stay and faster
return to normal activities.
Disadvantages of robotic
surgery vary and are of several
types. One of the main disadvantages is the loss of haptics or tac- Figure 4. 3-D high definition telescope. Sharp,
tile feedback 7. Tactile feedback crisp images in 3-D are viewed by the surgeon at
is an essential ingredient when the console.
performing complex or delicate
operations. This deficiency with current robotic systems is a significant handicap in performing technically intricate and delicate surgical tasks. When there
is loss of tactile feedback, the surgeon remains unaware of how much pressure
or traction is being applied to the tissues. With practice, surgeons can overcome
this handicap by learning to use sensory substitution, relying on visual cues to
understand the forces exerted by their tools. Intense research is being conducted
in the field of haptics as applied to medicine. The Telelap ALF-X, an Italian
endoscopic robotic surgical system features haptic feedback, allowing the surgeon to indirectly “feel” the tissues that are being manipulated. This can lead
to improved safety and allow certain maneuvers to be performed with greater
confidence.

Figure 5. Wristed instruments with seven degrees of freedom allow access to restricted spaces.
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Another disadvantage of robotic surgery is the lack of standardized training
and certification. The FDA does not regulate the practice of Medicine and therefore does not supervise or provide accreditation for physician training. Instead,
training development and implementation is the responsibility of the manufacturer, physicians, and health care facilities. Basic and advanced courses are offered
by surgery education centers and the manufacturer companies. These courses include computer-based and cadaver simulation and provide a curriculum for residents or novice and experienced practicing surgeons looking to practice robotic
surgery. The learning curve may vary from 20 to more than 100 cases depending
on the complexity of the procedure. Physicians, hospitals and facilities that use
RAS devices should ensure that proper training is completed and that surgeons
have appropriate credentials in order to maintain patient safety.
Perhaps the greatest disadvantage of current robotic surgery is its cost. Each
system ranges in price from $1.4 million to $2.5 million, and the use of robotic
surgery increases the cost of procedures anywhere from $1,000 to $3,000 dollars.
The systems also require costly maintenance and demand the use of additional
consumables (single use or up to 20 reuses per robotic appliance). The use of
robotic systems may also require more operating time than standard alternatives,
driving the cost even higher.
Out of all the instruments and surgical tools that hospitals have adopted,
robotic systems are one of the most expensive items in operating rooms today. It is
a symbol of what is wrong with health care: the widespread adoption of expensive
new technology with little scientific evidence to support its use.
Robotic surgery in Pediatric Otorhinolaryngology currently has its greatest
application in the upper airway. Certainly the horizon expands utility acording to
develop new surgical equipment, improve imaging technology and the interface
between surgeon and robot 8.
It is mandatory in these surgical procedures to have a complete view of the
airway; for this reason it is preferred not intubate (in laryngeal surgery) the patient
and use a technique of general anesthesia with spontaneous ventilation controlled
by the anesthesiologist and continuously monitored with video, precordial stethoscope and vital signs monitors (you can place the anesthetic tube through the nose
or mouth to the hypopharynx level). For these procedures an anesthetic induction
with sevoflurane and nitrous oxide with 21% of oxigen air administered by face
mask is preferred. General anesthesia is administered by intravenous infusion of
propofol and remifentanil.Spontaneous ventilation is maintained during the procedure. The upper airway is sprayed with Xylocaine 4% 9.
With the team and equipment of robotic surgery the surgeon has the ability to
manipulate the instruments at its distal end with great precision, greater freedom
of movement, magnification of the surgical field and excellent depth perception
in 3 dimensions. The size of the instruments may be a limiting factor in terms of
implementation and success of transoral surgery of the airway. We believe that
new advances in device technology and a new generation of robotic equipment
will improve their incorporation in minimally invasive airway endoscopic surgery.
It is important to note that any procedure done with this armamentarium must be
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documented with photography and video to get feedback to the surgical team and
another pair team and to improve their technique as well as to be used for educational training purposes 10.
Initially the placement and configuration of robotic surgical team in the
operating room can take 30 to 40 minutes. With frequent practice, you can reduce this time to 15 minutes. The carbon dioxide laser is adjusted to 3 W in intermittently 0.3 seconds to work on respiratory mucosa. Sutures commonly used
are 5-0 and 6-0 absorbable material (polyglactin [Vicryl]). A flexible suction
catheter is placed in the surgical field and can be easily manipulated with one of
the robotic instruments or an integrated suction-irrigator can be placed in one of
the robot arms.
Most airway surgeons prefer 2 types of equipment for exposure the upper
airway: the Lindholm laryngoscope and the Crowe-Davis mouth gag. The first
one provides the most direct access, introducing the endoscope into the laryngoscope and the robot arms in the oral cavity on both sides of the laryngoscope,
but it has the disadvantage of restricting maneuvers of the instruments due to the
small space in the working area . The second one provides increased exposure of
the surgical field and more freedom of movement of the surgical arms.
The hypopharynx and the supraglotis are completely visualized with the 8
and 12 mm 0° endoscopes and it is preferred 30° endoscope for the glottis; in
both cases with bi and three dimensional vision scope and microinstruments of 5
mm. The ability to zoom in and out the endoscope in the surgical field provides
adequate magnification.
The main indications for Airway use and application are:
1. Congenital malformations like type 1 and 2 laryngeal cleft.
2. Posterior glotic stenosis.
3. Hamartomas.
4. Sacular cysts.
5. Release of pharingeal and laryngeal stenosis.
6. Lymphatic malformations.
7. Partial cordectomy and arytenoidectomy.
8. Lingual tonsillectomy.
9. Vascular lesions.
10. Tumors.
Robotic surgery in the upper airway area is documented in neonatal patients
from 14 days of life and older, with a hospital stay from 1 to 20 days and followed
up for 2 years. The oral approach has the advantage of being a natural way but the
limitation of its opening by age, makes difficult the simultaneous introduction of
several instruments into a single via. In addition, cervical manipulation in certain
patients, such as trisomy 21, mucopolysaccharidosis, craniofacial syndromes, and
others may cause some degree of injury to the cervical spine (Grisel syndrome or
atlantoaxial subluxation). Despite the surgical time is 30-40 minutes longer than
without the application of the robot system, postsurgical evolution is usually less
symptomatic and less frequent complications ocurr. Surgical time decreases significantly with practice to overcome the learning curve 11.
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The FDA and other Health agencies around the world maintain pending the
approval for more applications in Pediatric Otorhinolaryngology Robotic Surgery,
right now not approved for younger twelve years old 12. There are 2 major challenges to overcome: a safer way to administer anesthesia and better exposure of
the surgical area. Both are likely to be resolved in the near future.
Conclusion
Robotic surgery is a developing technology that has generated significant
controversy in the field of surgery and health care. Although still in its infancy, robotic surgery is a cutting-edge development in surgery that will have far-reaching
implications. While improving precision and dexterity, this emerging technology
allows surgeons to perform operations that were traditionally not amenable to minimal access techniques. As a result, the benefits of minimal access surgery may be
applicable to a wider range of procedures.
Up until now, the desire to acquire and incorporate this technology has been
driven mostly by industry and marketing rather than by strong scientific evidence,
as randomized controlled trials comparing robotic-assisted procedures with other
minimally invasive or open techniques are few and generally lacking.
Much work remains to be done to realize the full potential of this emerging technology. More compact and efficient systems that offer haptic feedback at a fraction of
the current cost will certainly broaden the application of this innovative technology.
Similar to robots in popular culture, the future of robots in surgery is limited
only by our imagination.
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