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INTRODUCTION

 
 Robotics concept is an attractive idea coming 
from far ago. The idea of artificial people dates at 
least from the ancient legend of Cadmus and the myth 
of Pygmalion. In ancient Greek, Ctesibius and Philon 
developed mechanical figures, known as automata, 
which were made for the pleasure and amusement of 
the wealthy.

 The modern concept of robotics is derived 
from the Industrial Revolution. The term “robot” in 
Czech comes from forced labor. Karel Capek inspi-
red by the unemployment generated by the introduc-
tion of mechanization during the Industrial Revolution, 
coined the term in his play Rossum´s Universal Robots 
(1921). The science fiction writer Isaac Asimov popu-
larized the term in his books: Runaround (1942) and 
I, Robot (1950) (1).

Robotics in surgery:

 In the late 1980’s researchers at the National 
Aeronautics and Space Administration (NASA) Ames 
Research Centerand and engineers from the Stanford 
Research Institute (SRI) became interested in virtual 
reality and robotic technologies. Their joint efforts cul-
minated in the development of a telepresence surgical 
system to improve dexterity in microscopic hand sur-

Summary.- Robotic is an antique concep. The first 
robots used in surgery were precise path systems in 
the 80´s. Stereotactic neurosurgery was the first field 
applying this devices. Based on these more complex 
devices were built: AESOP and Endoassist help the sur-
geon during the surgery. The surgical assistant will not 
fatigue and there will be no tremor of the camera. Fina-
lly the master-slave devices were developed. They are 
the most commenly used all around the world. They are 
involved many types surgery in. To evaluate the cost-
effectiviness of robotics in surgery is our responsability. 
Robotics provides many advantages but also has a few 
disadvantages including expense.
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 Later the AESOP was successfully applied 
to hold the endoscope during laparoscopy. Soon it 
was routinely used for the laparoscopic procedures in 
many reference centers (9). 

 Most of the robotic procedures are now made 
with the da Vinci system. As we mentioned before, 
laparoscopy was the key for the development of this 
new technology. Robotic surgery was developed ba-
sed on the laparoscopic principles and experience, 
probably because robotic is just a type of laparos-
copic procedure. Again laparoscopic surgeons were 
the pioneers doing the initial robotic procedures and 
their initial effort allowed the fast development of the 
new technology. We should mention that the first ro-
botic radical prostatectomy was performed by Binder 
et al, in Germany, later Abbou et al, in France, re-
ported the first one in the literature (10). Guillonneau 
et al reported the first robotic nephrectomy (11) and 
also the first lymphadenectomy for a prostate cancer 
(12).  

Robotic systems classification:

 One can disctinguish three different classes 
of robotics systems, from the more automated to the 
simpler (4):

1. “Precise path systems”, are pre-programmed me-
chanic devices to perform systematically repetitive 
and predefined movements. It requires no direct gui-
dance from the surgeon. This class of device includes: 
the Surgeon Robot for Prostatectomies, designed to 
perform prostatic transurethral resections in a mecha-
nical fashion (13); and the PAKY device to puncture 
the renal calix during the percutaneous kidney proce-
dures (14).

2. “Intern replacement” surgical robots. Are an in-
termediate class between the previous group and 
the “master-slave” devices. They substitute the sur-
gical assistant to perform tasks that require dexterity 
without tiring. This group includes the: Automated 
Endoscopic System for Optimal Positioning (AESOP) 
and Endoassist. Such devices function as endosco-
pic holders that can be directed by commands from 
the surgeon.  

3. The “master-slave” device is the paradigm of ro-
botics as it is referred today, even if it is the least 
automatic of all systems. It is composed of a computer 
console for surgeon interaction, from where he can re-
motely control the robotic tower that supports three or 
four robotic arms. The robotic device never moves in-
dependently without guidance from the surgeon. The 
arms precisely mimic the surgeon´s movements at the 
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gery. To demonstrate the efficiency of the system, 10 
end-to-end femoral artery anastomoses in rats were 
performed. Complete and intact vascular flow was 
achieved (2). The original idea soon evolved from 
microscopic to macroscopic surgery. The definitive 
event was the development of surgical laparoscopy 
in Europe, which was later introduced in the USA by 
Perisat, a surgeon from the University Hospital of Bor-
deaux, France, who performed a laparoscopic chole-
cystectomy demonstration at the Society of American 
Gastrointestinal Surgeons meeting in Atlanta in 1989 
(3). Laparoscopic surgery was ideal for the develop-
ment of the new technology.

 The US Department of Defense based upon 
the tele-surgery idea developed a new device: SRI 
Green telepresence Surgery System. It was a mobi-
le, armored, operating room vehicle equipped with 
robotic surgical manipulators controlled remotely by 
a surgeon at a rear area mobile surgical hospital 
unit. An initial injured soldier could receive surgical 
assistance to control all the mortal lesions, mainly the 
vascular traumas, later he could receive the definitive 
surgery and care in a military hospital. Early studies 
demonstrated the system’s feasibility in performing re-
mote open trauma surgery, although operative times 
were 3 times that of the open techniques. Although 
the telepresence technologies have been never used 
in combat care, modern robotic surgery evolved from 
this seminal work (4).

 In Europe there has been an effort to apply 
robotics to surgery. Schurr et al in Germany develo-
ped the first system equipped with arms enabled to 
move with six degrees of freedom and a three di-
mensional visualization system, called Advanced Ro-
botic Telemanipulator for Minimally Invasive Surgery 
(ARTEMIS). Although and the ARTEMIS system was 
technically sophisticated, it has not been successfully 
comercialized (5). 

 Robotics has been applied to other fields 
of medicine including Traumatology, Neurosurgery 
and others. The application in these fields may have 
useful correlates in urologic surgery that should be 
considered. Between these the Programamable Uni-
versal Machine for Assembly (PUMA) 560 used by 
Kwoh et al for neuro-stereoctatic surgery (6), which 
was the first robot-assisted surgical procedure re-
ported in the literature. Based on it Wickham et al 
began a robotic-surgery research program at the 
Imperial College of London. Secondary to this effort 
the Probot for prostatectomies (7) was built up. At 
the same time and following the initial idea Paul et 
al developed the ROBODOC (Integrated surgical 
systems, Sacramento, CA) for orthopedic surgery 
(8).
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console within the patient’s body. Devices that meet 
these characteristics include: the da VinciTM Surgical 
System (Intuitive Surgical, Sunnyvale, California) and 
the Zeus Robotic Surgical System (Computer Motion, 
Goleta, California). These robotic system have com-
puter controls with the aim to improve the surgeon´s 
dexterity and reduce tremor (15).

Currently available Robotic systems:

 Five robotics systems have been approved 
by the Food and Drug Administration (FDA) to date. 
These devices are totally integrated and working in 
many centers: Neuromate, AESOP, Endoassist, da 
Vinci Surgical System and Zeus Surgical System. 
Since the merger of Intuitive Surgical and Computer 
Motion in June 2003, the Zeus Surgical System is no 
longer commercially available, but maintenance and 
replacement part support are still available, allowing 
several institutions to continue to use it.

1. AESOP: It consists of a single articulated arm with 
4 degrees of freedom that holds the endoscope during 
laparoscopic procedures. In the first generation model 

the movements were controlled by the surgeon with a 
foot-pedal, but soon after a voice-control device was 
developed.  Its advantage over a surgical assistant 
is that it does not fatigue and holds the camera with 
stability. It has proven to be very efficient by allowing 
the surgeon to operate without an assistant dedicated 
to holding the camera, and eventually alone without 
increasing the operative time (16). Beside urology, it 
is used in many other surgical fields such as gyneco-
logy (17) and gastrointestinal surgery (18).

2. Endoassist: The Endoassist is very similar to the 
AESOP.  It holds and positions the endoscope. The En-
doassist may be controlled by means of a joystick or 
a headband sensor. The headband device emits infra-
red signals allowing the robot to track the surgeon´s 
head movement. When a foot switch is pressed, the 
robot moves the camera in the direction that the sur-
geon is looking on the monitor. Although it is as good 
as the AESOP it is not commonly used and little is 
published about it (19). 

3. Neuromate: Is an image-guided, computer-con-
trolled robotic system designed for stereotactic brain 
surgeries (20).
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FIGURA 1. da VinciTM System. FIGURA 2. da VinciTM System.
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4. da VinciTM Surgical System: It is composed of 3 
distinct parts: 1. The master console: The surgeon sits 
in an ergonomically designed chair to control the ro-
bot from the main computer (Figures 1 and 2). 2. An 
electronic tower holds the video, the light, a monitor 
for the assist and the insufflator. 3. The robotics tower 
or slave robot is positioned over the patient and holds 
three or four arms (Figure 3). During the surgery, both 
master and slave, must be in the same room.

 In July 2000 it was approved by the FDA. The 
surgeon sits at the master console and controls the 
surgical field through a binocular port that displays 
true three dimensional viewing. This major visual ad-
vancement is in fact indispensable in master-slave 
machines since the surgeon has no sense about the 
position of the robotic arms and instruments within 
the space. The absence of proprioceptive sensation 
renders the understanding of the relationship of the 
instruments in the space dependent only upon the 
vision: therefore the three dimensional vision is a 
pre-requisite for any machines developed on the 
concept of a master-slave interaction. Two ergono-
mic manual controls allow the surgeon to make all 
the anatomical movements and then transmitted to 
the robotic arms at the patient. One of its major ad-
vantages is that when the surgeon looks through the 
binocular port, the computer integrates the surgical 
instrumentation (grasper, forceps, scissors...) in the 
patient as if they are the surgeon’s hands, so all the 
movements become intuitive (in the surgeon´s brain 
the instruments are exactly his hands). Foot pedals 
allow the control of the cautery. The robotic tower is 
placed at the patient side and can hold three or four 

arms. The central arm is to hold the endoscope and 
the others are articulated arms with seven degrees of 
freedom that mimic the surgeon’s movements at the 
master console. 

 Several advantages and disadvantages have 
been related with this device. Advantages are: 3D vi-
sion allows more precise movements, articulated arms 
with endo-wrist that provide the possibility of seven 
degrees of freedom, information computer processing 
eliminates the surgeon tremor and the possibility for 
the surgeon to operate while sitting and a ten times 
image magnification.

 The main disadvantage is its absolute lack 
of sensitivity making it impossible to interpret force or 
any tactile feed-back. Receive it is expensive creates 
space problems making assisting when working in a 
small anatomical space the arms inacurate. When 
may interfere one to each other.

5. Zeus Surgical System: A master console allows the 
surgeon to control three independent articulated arms 
positioned at the patient. One of them is an AESOP 
to hold the endoscope. The two other arms are similar 
and based on the same technology. This device pro-
vides six degrees of freedom. Although initially it was 
developed with a two dimensional viewing system, 
the final version was provided with a 3-D system (Fi-
gures 3 and 4). In 2001, Marescaux from Strasboug 
performed the first and so far unique transatlantic sur-
gery in history. He performed from New York, USA, 
an uneventful cholecystectomy on a patient in Stras-
bourg, France (21). 
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FIGURA 3. Zeus System. FIGURA 4. Zeus System.
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 General applications of robotic surgery to-
day: The first robotic surgical series was reported by 
Cadiere et al (22) in Europe from March 1997, 146 
cases were reported. Most of them were gastrointesti-
nal procedures, but radical prostatectomy and varico-
celectomy were also performed. Across the Atlantic, 
in the EEUU, Talami et al reported his initial robotic 
experience in using the da VinciTM system, from June 
2000 to June 2001 (23), 211 cases. The majority 
of them were gastrointestinal procedures but a living 
donor nephrectomy and an adrenalectomy were per-
formed. 

 Since then all surgical specialties have been 
attracted to robotic surgery. Robotic surgery has de-
monstrated its ability to perform most the surgical 
techniques. In cardio-thoracic surgery the following 
procedures have been reported: mitral (24) and aortic 
(25) valve surgery, coronary (26) and internal mam-
mary (27) artery bypass, atrial septal defect repair 
(28), implantation of defibrillator (29), resection of an 
esophageal cyst (30), resection of mediastinal para-
thyroids (31) and bronchoplasties (32). The vascular 
surgeons have performed their most important proce-
dures: aorto-iliac bypass and aortic aneurysm repair 
(33). 

 The patient’s size is not a contraindication 
for robotic surgery and many techniques have been 
done in pediatric patients: pyeloplasties (34), hemi-
nephrectomies (35) and appendicovesicostomy (Mi-
trofanoff procedure) (36).

 At present, the major application of robotic 
surgery has been in abdominal surgery, including di-
gestive, gynecologic and urologic surgery. Pancrea-
tic resections (37), cholecystectomies (38), Roux-en-Y 
gastric bypass and colectomies (39) have been des-
cribed. In the gynecologic area the robot has been 
used.

 For uterine horn anastomosis (40), tubal 
reanastomosis (41,42), endometriosis surgery, myo-
mectomies, hysterectomies (43), sacrocolpopexy for 
vaginal vault prolapse (44) and vesicovaginal fistulas 
repair (45).

 Robotics in urology is not the future, but is 
the present for several operations and is routinely 
offered in many institutions these procedures include: 
pelvic floor reconstructions (46), vaso-vasostomies 
(47), cystectomies and intracorporeal neobladder 
(48), nephrectomies and adrenalectomies (49), pye-
loplasties (50), living donor nephrectomy for kidney 
trasplantation (51), partial nephrectomies (52) and of 
course radical prostatectomy that is the most common 
surgery using this technology at the present time.

Other robotic systems involved in Urology:

 The “master-slave” is the most important ro-
botic systems, but not the only one used for urologic 
surgery. Many other robots have been employed du-
ring urologic surgery: 

1. Surgeon Robot for Prostatectomies (Probot) (53): 
Represents the first application of robotics technology 
in urology. It was developed at Guy´s Hospital and 
Imperial College of London.

 It is a transurethral resector controlled by 
a “precise paths” device. Before surgery, thanks to 
transrectal ultrasonography, the prostate size was 
measured and then the system was programed to per-
form repetitive movements to resect the tissue, always 
respecting the prostate limits. During the procedure 
the surgeon could watch the surgery in a monitor (as 
we usually do). At the end of the operation the sur-
geon inspected and ensured hemastasis at the prosta-
te surface. Although initially they reported very good 
results, they did not report long-term nor commerciali-
ze the system.  

2. Robotic System for Percutaneous Access (PAKY) 
(14): developed by Johns Hopkins University, basi-
cally is a robotic arm with seven degrees of freedom 
and a needle at the end. It was helpful to achieve 
renal percutaneous acces.

CONCLUSIONS

 Robotic is an old concept. The joint efforts of 
many have contributed to the success we enjoy today. 
Each new device is an improvement the previous one, 
but always based previous experience and knowled-
ge. Finally the master-slave device has emerged as 
the most useful and is being applied in most of the 
surgeries. Other types of robots such AESOP are also 
helpful in daily laparoscopic practice.

 Robots are supposedly designed to help sur-
geons achieve better results for patients and to make 
complex procedures easier. It is the obligation of aca-
demic medicine to measure the efficacy and efficency 
of these machines. 
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