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INTRODUCTION
Who would have ever imagined a few decades ago, when the first laparoscopic
surgeries were considered dangerous and risky, that today’s surgeons routinely
perform laparoscopy and other minimally invasive surgical (MIS) procedures on
a daily basis to ease the pain and suffering of their patients with increasingly
superior surgical and cosmetic outcomes? Laparoscopy dates back nearly a
century ago when the first procedures were performed in dogs and subsequently
in human patients. With the development of anesthesia and aseptic techniques,
surgery reached a new paradigm. Laparoscopic surgery was officially introduced
by Kelling in 1910 when he was able to explore an insufflated abdomen with a
cystoscope1. The first use of laparoscopy by a general surgeon was in 1985 when
Muhe described a laparascopic cholecystectomy which in short time became the
standard of care for cholelithiasis and cholecystitis2. However, the procedures
always tended to be limited not only by the operating surgeons’ skill set but also
by technological developments. It was not until the early 1980s that Dr. Kurt
Semm brought laparoscopy to the forefront when he performed and published
the first laparoscopic appendectomy3. At that time, only three decades ago, Dr.
Semm stirred up great controversy with his procedure and he was even called
unethical in trying to attempt such unnecessary and dangerous trials. His
opponents criticized his attempt at innovation. However, the time was right for
change and laparoscopy took off like a rocket soon after with more and more
companies investing into the development of laparoscopic instrumentation and
medical institutions training surgical residents in laparoscopic procedures. The
great advantages were clear. Laparoscopy, due to decreased incisions and
manipulation, had the potential to revolutionize surgery, translating to decreased
postoperative pain and hospital stay for the patient4. In the 1990s the introduction
of MIS led to revolutionary changes in the field of operative medicine. However,
as laparoscopy became used by an increasingly growing number of surgeons for
a vast variety of procedures, the laparoscopic and thoracoscopic techniques were
shown to have technical limitations and certain disadvantages, especially when
sophisticated procedures were carried out5. Most of the technically advanced
operations were and still are difficult to perform in a minimally invasive setting
and involve a steep learning curve for the entire surgical team. Other pitfalls of
traditional laparoscopy include unstable video camera platform, limited motion
of straight laparoscopic instruments, 2d imaging and poor ergonomics6-7.
Despite these disadvantages, the positive aspects greatly outweigh the negative
ones and nowadays, laparoscopy is the standard of care for appendectomies,
cholecystectomies, and a wide variety of other general surgery and surgical
subspecialty procedures (eg fundoplications, cholecystectomy, gastric banding,
colectomy, esophagectomy, sub/total gastrectomy, gastrojejunostomy,
thymectomy, thoracic sympathectomy, lobectomy, mediastinal parathyroidectomy,
left pancreatic resection and many more )6,8.
Despite great promises, pediatric surgeons were initially hesitant to accept
laparoscopic surgery for common use in small children due to uncertainty about
instruments and machinery because they were originally developed for use in
adult patients9.
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The often quoted benefits of smaller scars, less pain and
shorter hospital stay had initially not been shown to be true
in pediatric patients. However, in the mid 1990s, surgeons
began publishing laparoscopic pediatric cases, showing
laparoscopy to be a potential alternative for children10. As in
adults, pediatric MIS began with laparoscopic
cholecystectomies and appendectomies2.
With the advent of laparoscopy and the attempt at
perfection of the laparoscopic technique and
instrumentation both in adult and pediatric medicine, came
the desire to improve surgery even further and try to
improve the limitations of the current technique. If it was
possible to perform laparoscopy with few small incisions,
why not attempt to decrease the number of incisions even
further, or perhaps eliminate them all together? These
thought processes led to the innovative surgical techniques
known as Single Incision Laparoscopic Surgery (SILS) and
Natural Orifice Transluminal Endoscopic Surgery (NOTES)
in which only one incision, generally in the umbilicus, is
made in the former and no outward incision whatsoever in
the latter11-16. These procedures culminate the current efforts
of minimally invasive surgery and their development is still
in progress. Only the future will tell how far these
procedures will be developed and popularized. Many
experts agree that the prospect of minimally invasive adult
and pediatric surgery involves SILS, NOTES, and robotic
surgery2,17-18. Telerobotic surgery has emerged as a
promising technical innovation and it seems to offer
potential solutions to the limitations of traditional
laparoscopy19-22.
Technological developments have always been at the
forefront of human society and medicine is no different in
this aspect. Even before Dr. Semm performed the first
laparoscopic appendectomy in Germany in 1981, robotics
made an appearance in 1973 with the first industrial robot
with several electromechanically driven axes and even
before then in more primitive versions. Medicine soon after
took notice and the first surgical robot was used in 1983 in
Vancouver, Canada by Dr. James McEwen and Geof
Auchinlek, in collaboration with orthopedic surgeon, Dr.
Brian Day. Another decade passed until robotic surgery
was ready to be performed by others. In the late 1990s, two
surgical robots, Zeus and Da Vinci, were developed and
used for several procedures, which included fallopian tube
reconnection and heart bypass. The Da Vinci system was
primarily developed for cardiac surgery and was the first
robotic system to be approved by the FDA for intraabdominal surgery in the US (July 2000)23. More than 750
systems are currently in use in several institutions
worldwide6. Robotic surgery connects the instruments to
the surgeon electronically, making it possible to separate
the performance of the operation from the location of the
patient, thus enabling telesurgery24-29.

However, robotics has mostly been explored in adult and
adolescent surgery and less commonly in the pediatric
patient population, because this population constitutes
additional surgical complicating factors due to limited
workspace and different physiology from their adult
counterparts30-34. Additionally, surgical robots have been
developed for use in adults and for some time had not been
adapted for use in children. These are some of the reasons
robotics has been slow to take off in pediatric surgery35.
Yet, with the advent of robotics, despite its of right now
limited application in pediatrics, surgeons began dreaming
about fixing fetal diaphragmatic hernias or
myelomeningoceles in utero because the robot’s computer
can scale down a surgeon’s hand movements into
micromotions inside the fetal patient36-37. Because no
hysterotomy is required, such surgery is not subject to the
disastrous complication of preterm labor2. This is only one
of many potentially wonderful application of robotics to
Pediatrics38-45. However, as we will see throughout this
review, the literature on robotically assisted pediatric
surgery has been and continues to be rather slim46-50. Early
experiences in robotic pediatric surgery have been limited51-54.
However, one surgical subspeciality that has seen
tremendous application of robotics since its inception is
Pediatric Urology and we will see why.
It is therefore the goal of this review to summarize the
current trends in pediatric robotic surgery and provide the
reader with a broad but clear overview of the field,
especially pertaining to the pediatric population.
But first, let us start with an update on the current surgical
robots on the market and their respective characteristics.
From Zeus to Da Vinci
The first FDA-approved surgical robot in 1994 was AESOP,
a voice-controlled endoscopic camera that could
theoretically be used with any scope of any size. This has
been integrated into Zeus, one of the two robotic systems
now in clinical use for surgical procedures. AESOP and
Zeus were created by Computer Motion (CMI, Goleta,
Calif.) which merged in June 2003 with Intuitive Surgical
(ISI, Sunnyvale, Calif.), the makers of the da Vinci system.
Da Vinci was the first FDA-approved robot for use in
general laparoscopic procedures (24).Since its inception in
1995, da Vinci has received generalized clearance under CE
guidelines for all surgical procedures and has also received
FDA clearance for general surgery, CT surgery, and
urologic procedures55. Back in 2004, both Zeus and da
Vinci were used for pediatric and adult surgery but
nowadays, da Vinci is the only one still commercially
available. To be clear on terminology when describing these
systems, a surgical robot is actually a collection of wristed
“servant” tools called manipulators which receive digital
instructions from an interfaced computer56. Thus a better
term for robot would potentially be computer-enhanced
tele-manipulator.
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The da Vinci system (Fig 1) consists of three major
components, which are the surgeon’s console (Fig 2)
housing the visual display system, surgeon’s control
handles and user interface panels and the patient side cart.
Placement of the surgeon’s console, surgical cart and the
Insite vision system along with the place of the assistant
surgeon varies according to the operation. The patient cart
contains two to three arms that control the operative
instruments and an additional arm controlling the video
endoscope57. Right and left arms generally control the
surgical instruments whereas the center arm holds the
endoscope (high resolution 30 degree endoscope with two 3
chip cameras for better depth perception. Any additional
trocars can be placed for additional instruments6. During
surgery, the surgeon sits at the console, using his control
handles (Fig 3), which act as high-resolution input devices
from his or her finger tips. This setup allows for motion
scaling and tremor reduction, which are considered major
advantages of the robotic system. The long, inflexible
instruments of laparoscopic surgery magnify the surgeon’s
tremor and limit the surgeon’s natural range of motion58.
Robotics attempts to eliminate this constraint.
Whereas a 12 mm dual channel endoscope is used for the
adult patient, the pediatric patient is visualized with a 5mm
endoscope. The standard da Vinci instrument platform for
adults consists of an array of 8.5 mm diameter instruments
which provide 7 degrees of freedom via a cable-driven
system (EndoWrist, Intuitive Surgical) (Fig 4) . The wrist is
controlled by opposing cables, similar to human tendons
and has a very smooth, fluid motion24.
Now a set of 5mm instruments (fig 5) for use in smaller
patients has become available, which use a new “snakewrist” design and also provide 7 degrees of freedom.
In cases of demanding tissue dissection or when an
intraoperative change of the operative field is necessary, a
fourth robotic arm could be of great benefit. A new edition
of the 4th arm da Vinci system is currently available. A
fourth arm additionally obviates the need for the presence
of an assistant surgeon and thus enables one-man surgery.

Figure 1: da Vinci® Si™ Surgical System

Surgeon is
immersed in
three-dimensional
visualization of
the surgical field

Figure 2: Da Vinci surgical console
Traditional laparoscopic
instruments are straight and
do not bend
EndoWrist instruments move
like a human wrist
Allows increased dexterity,
maneuverability and
precision

Figure 3: Wrist & Finger Movement
The surgeon's hands are
placed in special devices
that direct the instrument
movement

Figure 4: Surgeon Directs the Instruments

Figure 5: EndoWrist – 5 mm Instruments
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Advantages and Disadvantages of Robotic Surgery
Without any doubt, robotic surgery has many advantages
over traditional or open surgery59-60. These advantages are
very similar to conventional laparoscopy and include
reduced risk of hemorrhage, which decreases the need for
blood transfusions, smaller incisions, reducing
postoperative pain, decreases healing time, reduces the need
for postoperative analgesics and decreases scarring.
Additionally, although the procedure duration is slightly
longer than traditional laparoscopy, hospital stay is
comparable to laparoscopic procedures and patients are
able to return to their lives relatively quickly. Another
important consideration over traditional or open surgery is
the fact that in laparoscopy and robotic surgery, exposure of
internal organs to the environment is minimal which might
play a role in decreasing the chance of infection. Main
features of robotic systems that confirm superiority to
traditional laparoscopy and thoracoscopy are the physical
separation of the surgeon from the patient, 7 degrees of
freedom including grasping of the robotic arms (compared
with 4 degrees plus grasping for the traditional
instruments), elimination of tremors, optional motion
downscaling (up to 5:1) and 3d stereoscopic image6. The
combination of such processing and filtering allows an
unparalleled level of operative precision.
The major advantages experienced by surgeons are better
degrees of freedom of the robotic instruments combined
with few limitations of the endowrist movement especially
in difficult anatomic sites, hand like motions of the
instruments and the enhanced visualization of the operative
field with a true 3d view offering an impression of open
access. The intuitive control of the instruments is
particularly advantageous for the novice laparoscopist55.
Surgeons also see enormous improvements in
intracorporeal suturing and tying knots thanks to articulated
tools.
The surgeons console and the projected 3d virtual operative
field with personal control of the optical system presents an
ergonomically comfortable position with minimal fatigue.
The master surgeon, seated at an ergonomically designed
video console with an “immersive” 3d display, initiates the
digital instructions by controlling sophisticated hand gripsessentially joysticks with seven degrees of freedom (adding
the pitch, the yaw an to the did the “pincer-like” movement
to those already available). The manipulators inside the
patient’s body duplicate the surgeon’s hand movements at
the console and software filters out even physiologic hand
tremors
Thus, being able to access unaccommodating places is a
major theme in robot-assisted surgery56.
In small patients, the use of a magnified image via
operating loupes or endoscopes is often necessary to
provide more accurate visualization of their diminutive
anatomy.

This enhanced visualization is taken a step further with
robotics as they are capable of providing a highly magnified
3d image, which adds an additional measure of safety and
surgical control beyond what is available with the
traditional telescope. It also improves depth perception with
the ability to magnify images by a factor of 10, allowing
extremely sensitive and accurate surgical manipulation55.
Although all these advantages apply to adults as well as
children, the latter group includes different factors as well.
For pediatric surgeons, the feasibility and usefulness of
surgical robotics is highly influenced by the nature of the
procedure and probably, more importantly, by the size of
the patient. Some advantages highly specific to robotics
include the movement of the robot and the surgeon at the
console. The robot is directly able to track the movements
of the operating surgeon and translate these movements into
precise actions by the robotic arms. Not different from
traditional laparoscopy, in smaller patients, the surgeon
demands a magnified image via endoscopes in order to
properly acquire a visual of the operating field and
structures of interest. In this particular aspect, robotic
surgery is particularly advantageous because the robot is
able to provide a superbly magnified 3D image which
provides another measure of control on the side of the
surgeon. Depth perception is greatly enhanced and this
allows for very precise movements and great hand-to-eye
coordination. Any surgeon might agree that visualization of
the important structures might be as important if not more
important than good skill and surgical technique. Being
able to operate with the help of a machine allows for
tremendous tremor filtration, which makes the motion of
the endoscope and instrument tips steadier than with the
unassisted hand. Motion scaling can be performed by the
robotic console, which allows precise movements in very
small anatomical areas. Another unique feature of robotics
is indexing, the ability to continue moving an instrument in
any direction, effectively reaching beyond the limits of the
surgeon’s arms or comfort zone24.
Although it appears that the robotic system features many
advantages, there are also several disadvantages, some of
which are relatively specific to the pediatric population. It
appears that the size of the surgical robot remains an issue
especially when it comes to small pediatric patients. This is
of importance because rapid intraoperative access to the
patient may potentially be inhibited. This might constitute a
particular disadvantage for the anesthesiology team61-62.
Because robotic surgery is still not the standard, especially
in pediatrics, there are yet ongoing technological
developments to improve the robotic surgical tools
available. Although traditional laparoscopy as of now has a
greater variety of surgical tools available, robotic surgery is
quickly catching up. Apart from these technological
disadvantages, the robotic system has been and will
probably continue to be rather expensive to purchase and
maintain.
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This limits the availability of robotic procedures, especially
for smaller hospitals or communities. Additional training is
also required in order to become proficient in robotic
surgery. Because during robotic surgery, the surgeon is
separated from the patient, there is a vast decrease in haptic
feedback that is even greater than in traditional laparoscopy
and might consitute a significant disadvantage for the
operating surgeon.
Although one can agree that robotic procedures are clearly
advantageous under the right circumstances, it is also
obvious that these procedures tend to be more expensive
due to the additional cost of acquiring and maintaining the
robot and the cost of the surgical instrumentations. Thus,
perhaps the most important inhibiting factor for the
expansion of the system is the great cost for purchase and
maintenance.6 A robot can cost 1 million dollars or more,
not including the maintenance contract and expensive
disposable items required for each procedure55-56.
Applications of Robotic Surgery
Surgical robotic systems are commonly classified according
to the degree of direct control the surgeon has over the
machine. Under this system there are three principal types
of robots:
-1. Autonomous: performs a preop plan without any
immediate control from the surgeon
-2. Surgical assist device: surgeon and robot share control
-3. Teleoperator: the robot is completely controlled by the
surgeon63. Robotic surgery, since its inception over a decade
ago has definitely seen a great increase in available
procedures, techniques and availability. It is clear that under
the right circumstances, robotics provides great advantages
over traditional minimally invasive surgery. Although the
use of robotics in adults has seen a great increase and the
amount of literature is rapidly rising, pediatrics constitutes
a different ballgame and the literature published on
pediatric robotic procedures has been and still is rather
limited. However, the prospect is that in the near future, as
technological developments are increasing and procedures
might be more readily available, more and more articles
will be published regarding the use of robotic surgery in the
pediatric population and we will be able to see the same or
similar advantages that are present in the adult population.
In pediatric surgery, the usefulness of the different robots is
highly influenced by the size of the patient and the
reconstructive nature of many pediatric surgery
procedures55. Robotic technology assists the pediatric
surgeon by 1) increasing dexterity and precision of
movements, 2) restoring proper hand-eye cocordination in
an ergonomic position and 3) improving visualization63.
Rate of complications or conversions to open surgery has
been low55.

This review will focus on the recent literature published on
robotically assisted pediatric surgery. There are a few
previous reviews detailing the literature up to date but no
recent one, which is important because the field of robotic
surgery pertaining to pediatrics has seen great innovation in
the past few years.
Pediatric General Surgery
Almost a decade has passed since the first pediatric general
surgery procedure was performed with the aid of a robotic
system. Since then, several other procedures have been
performed and more and more reports are available to
determine the feasibility of general surgery procedures in
the pediatric population64-74. In 2006, Lehnert et al
published a prospective study comparing operative time in
conventional laparoscopic and robotically assisted Thal
semifundiplication in chilren75. In order to prove their
hypothesis that operative time varies between these two
procedures, the group performed a prospective study
comparing operative time in 10 Thal fundoplications used
with the aid of a robot and 10 traditional laparoscopic
fundoplications. They found that, as expected, setup time in
the robotic group was significantly longer (20.8+-7.5 vs.
34.6 +-9.2 min, P<0.05) but the most challenging portion of
the operation, which was dissection of the hiatal region was
accomplished 34% faster in the robotically assisted group
(30.8 +-8.7 vs. 20.2 +-5.3 min, P<0.05). The study
concluded that the robotic system is superior compared
with established standard laparoscopic techniques when it
comes to the procedure itself. However, the operative time
benefit is counterbalanced by the increased duration of
setup. Another study described the results of 15
laparoscopic fundoplications performed with the Zeus
Robotic System58. The procedures consisted of one Heller
myotomy with Dor fundoplication and 14 Nissen
fundoplications. Patients ranged from 2 months to 18 years
of age (mean 4.3 yrs). The authors reported no technical or
equipment errors and no conversions. Further, it is
interesting to note that the procedure had a learning curve
in the operating surgeons since procedure time decreased
from 323 min for the first case to 180 min for the last case.
Setting up the robotic system for these procedures took an
average of 11 min. Heller myotomies have also been
reported by other groups76. A recent article reported
robotic-assisted laparoscopic Nissen fundoplication in
neurologically impaired children and found that although
robotic-assisted fundoplication is not yet indicated for
routine fundoplication it does have benefits in children with
previous gastrostomy, adhesion from previous abdominal
surgery or failed primary fundoplication. Robotic
fundoplication has also successfully been reported by
others77-78. In 2007, a case report was published on the
robotic repair of a bochdalek congenital diaphragmatic
hernia in a small neonate79. The authors concluded that the
repair can be successfully performed even in small
neonates.
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However, it must be noted that the available domain in the
abdomen for this procedure was extremely limited. Viscera
reduction in children less than 3.0 kg is probably easier
performed using traditional laparoscopic instruments. Case
reports of successful robotic repair of congenital
paraesophageal hiatal hernia and diaphragmatic hernias
have also been described80-81. Another procedure that has
been reported to be successfully performed via robotics is
laparoscopic Morgagni Hernia repair82-83. The authors
reported successful completion of two cases, one in a 23
month old and another in a five year old. The surgeons
noted increased dexterity provided by the robotic system84.
In 2007, Klein et al reported a clinical experience with a
variety of pediatric surgical procedures. These included 25
Nissen fundoplications, 18 cholecystectomies, 2 Heller
myotomies, 2 splenectomies, 2 Morgagni Hernia repairs
and single cases of complex pyloroplasty in the chest,
bowel resection, left Bochdalek congenital diaphragmatic
hernia repair, esophageal atresia and tracheoesophageal
fistula repair and choledochal cyst excision. The surgeons
reported easier dissection, suturing and knot tying than with
traditional laparoscopy. Additionally, it is important that
none of the surgeons thought the lack of haptics was
crucial. A preliminary report by Meehan et al describes the
advantages of the robotic approach to complex
hepatobiliary anomalies in children85. The group was able
to successfullly perform 2 Kasai portoenterostomies and 2
choledochal cyst resections without any complications and
the surgeons found the 3d imaging and improved
articulations particularly advantageous for these
procedures. Robotic assisted choledochal cyst excisions
have also been reported by other groups successfully86. A
single institutional review of the first 100 robotically
performed cases has been reported by Meehan and
Sangler87. They were able to report the following
procedures as being performed with the aid of a robot:
fundoplication, cholecystectomy, splenectomy, total
proctocolectomy with pullthrough, Ladd’s procedure,
Neuroblastoma, adrenalectomy, small-bowel rescetion,
Heller myotomy Congential diaphragmatic hernia, rectal
prolapse, Kasai, duodenal atresia, ovarian terratoma,
ovarian
cystectectomy,
Meckel’s,
abdominal
lymphangioma, hemicolectomy, pyloroplasty, gastric
duplication, retroperitoneal tumor, pancreatic tumor, post
mediastinal mass, mediastinal germ cell tumor, teratoma,
bronchogenic cyst, intralobar sequestration, pulmonary
segmentectomy. A recent article reports the use of the
robotic system in 144 different pediatric surgical
procedures88. Included are many of the above mentioned
procedures as well as gastric bandings, anorectal pull
through for imperforate anus, nephrectomies,
appendectomies, sympathectomies, inguinal hernia repairs,
ovarian cyst excision, duodeno-duodenostomy and
hysterectomy. Thus, one can see that a huge variety of
pediatric gen surgery cases can be performed with the aid
of a robot89-93. Initial efforts have already been made
towards using robotics to assist in fetal surgery94.

Pediatric Cardiothoracic Surgery
In the past, only a handful of pediatric cases using the robot
in cardiothoracic surgery have been reported95-97. Several
reports were experimental98. Now, several other studies and
case reports have been published since then. In 2007,
Robinson et al published a case report describing robotic
division of an unusual variant of a right aortic arch in a
symptomatic 6 year old boy99. The group performed a
robotic-assisted thoracoscopic division of the vascular ring
with four standard left-sided video-assisted thoracic
surgical incisions in about 2 hrs. At follow-up, the child
tolerated the procedure extremely well. Another case report
published by Baird et al. describes the first completely
endoscopic closure of an atrial septal defect (ASD) in a
child using the da Vinci robot and hypothermic
fibrillation100. This procedure was particularly innovative
because in the past, ASD repairs have traditionally been
performed using sternotomy, thoracotomy or cardioplegic
arrest and this case report describes the first case of a
totally robotic/endoscopic closure of an ASD in a child
without the previously mentioned approaches. Therefore,
the cosmetic result in this patient is more pleasing. The
group concluded that the advantages of endoscopic/robotic
ASD repair combine improved precision and visualization
with less pain and better cosmetic results. This approach
has not been used in the past because of intercostal space
limitations, smaller thoracic cavity, potentially longer
ischemic times due to additional suturing time required via
the robotic approach. Another study by Suematsu et al (96)
investigated the total endoscopic robotic-assisted repair of
PDA and vascular ring in 15 pediatric patients. The group
reported very successful outcomes and only one procedure
had to be converted to thoracotomy due to dense adhesions
from previous surgeries. Totally robotic ASD repair in older
pediatric patients has been successfully reported in the
past101. Robotic pulmonary resections in children have also
been performed successfully.102 Meehan et al reported the
first experiences with robotic pulmonary resections even in
small children and demonstrated that these procedures can
be performed successfully even in small infants. This was
the first report of such an experience. During the same
year, Meehan et al. also reported their experiences with
robotic resection of mediastinal masses in children.103
Their experiences with five different patients demonstrated
that robotic surgery is safe and effective for resecting solid
mediastinal chest masses in children. The average patient
age was 9.8 yrs and the pathology of the masses revealed
ganglioneuroma, ganglioneuroblastoma, teratoma, germ
cell tumor, and an inflammatory mass of unclear etiology.
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Pediatric Urology
By far the greatest amount of literature published on
robotically assisted pediatric surgery is in the field of
urology104, 105, 106, 107, 108, 109, 110. A previous review several
years ago mentioned that robotically assisted pediatric
urologic cases were quickly gaining interest55. Indeed, they
have and lots of different reports and reviews have since
then been published111. A case report by Meeks et al
describes the first experience in robotic-assisted
laparoscopic diverticulectomy in a 12 year old boy with
congenital bladder diverticula112. The surgeons reported that
the use of robotics and 3d visualization aided in safe and
complete diverticulum excision and bladder reconstruction.
A recent report described the early experiences of roboticassisted reconstructive operations in pediatric urology113.
This report describes 3 patients who underwent extravesical
ureteral reimplantation for vesicoureteral reflux and 5
children who had pyeloplasty for pelvic ureteric junction
obstruction. Because these procedures, especially when
performed in the pediatric population, require absolute
delicacy, the use of the robot was postulated to be of
advantage. The authors commented that traditional
laparoscopic reconstructive urologic procedures such as the
ones performed here robotically are very challenging and
acquiring the proper skill and confidence takes a long time.
However, the use of the robot dramatically decreased the
learning curve. Casale in a recent report reviews the
robotic approach to GU anomalies in children114. He
mentions that laparoscopic orchiopexy is the most widely
performed laparoscopic procedure in pediatric urology.
Robotic surgery can be used in difficult cases such as high
intra abdominal testes but is generally not the standard.
When considering nephrectomies, the author states that in
most cases robotics might not be necessary but can
definitely be of advantage for beginning surgeons due to the
decreased learning curve and greater precision with the
robot. However, it must be noted that a posterior approach
to the procedure is more difficult due to the size of the
robotic arms except in older children. Further, pyeloplasty
can both be performed laparoscopically or robotically, both
procedural choices being very reasonable. Regarding
appendicovesicostomy and augmentation, one can safely
say that the robotic approach greatly facilitates the
procedure. Several other robotically assisted pediatric
urologic procedures include pyelolithotomy, adrenalactomy,
bladder neck sling, ureteropyelostomy, excision of
mullerian duct remnants and sacrocolpopexy. In a different
report , Casale focuses on robotic pyeloplasty in children,
which is the most widely performed robotic procedure in
pediatric urology115. Another recent review article describes
the current trends in pediatric minimally invasive urologic
surgery116. Experiences described include adrenalectomy,
nephrectomy, partial and heminephrectomy, pyeloplasty,
ureteral reimplantation and lower urinary tract
reconstruction.

A fairly recent case report describes the first reported
instance of the use of the surgical robot to assist in
performing both an appendicovesicostomy and a colon tube
antigrade continent enema in a 9 year old girl with severe
spinal dysraphism117. A different case report by Gundeti et
al describes the case of pediatric-robotic-assisted
laparoscopic augmentation ileocystoplasty and Mitrofanoff
appendicovesicostomy completely intracorporeal.118
Following this experience, Nguyen et al report on 10
patients who underwent robotic assisted laparoscopic
Mitrofanoff procedure successfully119. The authors
concluded that this procedure is feasible and associated
with satisfactory outcomes and minimal complications
while having the benefit of a minimally invasive approach.
When it comes to laparoscopic pyeloplasty in the pediatric
population, Franco et al posed the question whether there
was a difference in outcome between hand-sewn versus
robotic assisted anastomosis120. After studying 29 patients,
the authors concluded that robotic assisted and laparoscopic
anastomosis produced similar outcomes in patients
undergoing pyeloplasty. Further, operative times did not
vary significantly between the 2 procedures and there did
not appear to be a quantifiable benefit between the 2
procedures. In 2008, Casale et al reported their experiences
with robotic ureterocalicostomy in nine patients and found
that robotic ureterocalicostomy is a viable and technically
feasible treatment option for patients with recurrent
ureteropelvic junction obstruction or patients with difficult
intrarenal ureteropelvic junctions121. Along the general
trend of many case reports, Storm et al report on two cases
of robotic assisted laparoscopic posterior bladder neck
dissection and placement of pediatric bladder neck sling
and concluded that this approach is technically feasible.122
A recent two part review by Traxel et al describes the
application of minimally invasive surgery to both upper
urinary tract procedures and lower urinary tract
reconstructive procedures123-124. As we can see from the
tremendous variety of different urologic procedures
performed with the aid of robotics, pediatric urology has
greatly benefitted from surgical robots. Most likely, the
reason robotics took off with great interest is that the
robotic system, with its ability to perform very precise
movements is exceptionally well suited for reconstructive
procedures and procedures in which the anatomical site is
difficult to125. Additionally, the scaling of the motion allows
the surgeon an additional level of precision not found in
other MIS procedures. Thus, it is safe to say that robotics
and pediatric urology are a match made in heaven but
allowing the operating surgeons to perform procedures with
greater confidence and never before seen precision. It
appears that sky is the limit in the use of robotics in
pediatric urology and this field will definitely continue to
grow and lead to the advancement of robotics in pediatric
surgery in general126.
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Current Technological Developments and Areas of Focus
Because several difficulties have been reported with
conventional endoscopic instrumentation which include
loss of wrist articulation, poor touch feedback or haptics,
fulcrum effect of the body wall on instrumentation used,
loss of 3d vision and poor ergonomics, there has been and
will continue to be great interest in robotic surgery and the
development and advancement of not only different
procedures performed but also the technology being used,
ranging from computer programs enabling telesurgery to
instrumentation used88,127-128. As of now, there is still a
greater variety of instrumentation available for traditional
laparoscopy over robotic surgery. Some of the major
reasons include the increased cost of developing and
maintaining a robotic system. However, many technological
development companies are catching on and investing into
the development and improvement of robotic surgical
equipment. Many articles published on robotic surgery, and
particularly the applicability of robotic surgery to pediatrics
mention similar limitations, which include a limited
selection of robotic instruments which has impaired the
performance of various surgical tasks88. There is a need for
a larger variety in type and size of robotic trocars and other
instrumentation, which is particularly important for use in
small patients. Other areas of attention include the
bulkiness of the robotic arms and the fact that the position
of the operating table cannot be changed without undocking
the entire system. The loss of haptics is also seen as a big
disadvantage initially but many surgeons state that the
excellent visual can partially compensate for the lack of
feedback.
Recent advances have led to the development of radial
expanding trocars (vs standard cutting trocars used in past)
which have the advantage of separating tissue fibers instead
of cutting them129.
These newer access systems offer numerous theoretical
advantages including less tissue trauma and a tighter fascial
seal, which are very helpful for minimizing unnecessary
tissue stress in small children with a thin and delicate
abdominal wall.
Initially, surgeons were forced to use adult instruments, but
in the mid 1990s, 2 and 3mm instruments were developed,
which have since then allowed working with greater ease in
confined spaces.
Around same time, neonatal insufflators were developed
which deliver CO2 in small puffs and thus reduce risk of
over-insufflation. Now, by keeping insufflation pressures
low (8-10mmHg) and having a close partnership with
pediatric-trained anesthesiologists, surgeons are able to
perform laparoscopic surgery safely in even the smallest
infants130-133.
In appropriate cases, SILS is now used to limit the number
of incisions required to complete laparoscopic procedures
and therefore lead to decreased scarring. Industry
developed a single larger trocar that has three working ports
for instruments. This trocar requires a 12 mm incision in
the skin and fascia, usually at the base of the umbilicus.

By placing the incision in this area, the surgeon enables the
patient to have no visible scar. With the development of
instruments that can reticulate (bend and flex), surgeons are
provided with more lifelike dexterity while they operate.
These instruments are often necessary in SILS because all
access ports are in close proximity to each other, which
makes it challenging to obtain the best approach for the
operation2.
Training and Skill Requirements
Since its inception a few decades ago, laparoscopy has
become a standard surgical tool for every surgeon.
Nowadays, all surgical residents are trained in basic
laparoscopic procedures such as appendectomy and
cholecystectomy. Since MIS is the field of the future, it is
important for new surgeons to be proficient in the latest
surgical techniques in order to be able to accommodate the
ever growing demand for less and less invasive surgeries
with more pleasing cosmesis and decreased pain and length
of hospital stay. Meehan et al describe their experiences
using the robot in performing pediatric fundoplication and
state that as soon as the staff surgeon became confident in
the procedure, the surgical team allowed fourth year
residents to perform the robotic procedure in order to
become acquainted with and trained in using the surgical
robot in pediatric procedures.134 The group reported that the
biggest advantage for the robot was the steep and short
learning curve, which is different from traditional
laparoscopic procedures in which several procedures have a
rather long and gradual learning curve. However, it should
be noted that because robotic pediatric procedures are not
yet readily available and widespread, it is clear that it is not
feasible for all general surgery residents to start gaining
experience with these techniques. Although current
residents should become familiar with using the surgical
robot in performing basic procedures in adults since these
are a lot more common, pediatric robotic procedures are
still considered rather innovative and should be a training
focus of pediatric surgery fellows instead of general surgery
residents135. Not until the high cost of the surgical system
and equipment comes down will robotic pediatric surgery
become the gold standard and be more readily available for
practicing surgeons. Despite these factors, many reports on
initial experiences with robotic pediatric surgery describe
the steep learning curve and how quickly the operating
surgeons gain confidence with the procedure and are able to
overcome the current lack of haptics by excellent
visualization of the operating field134. Overall, surgeons
agree that robotic surgery is faster and easier to learn than
the laparoscopic equivalent136.
Prospective Outlook and Conclusions
When robotic surgery was first introduced, it was with great
expectations that it would change the way surgeons operate.
Robotic surgery uses the basic techniques of laparoscopic
surgery. However, these techniques are used through
robotic arms, which are designed to mimic more accurately
the motion and dexterity of human hands.
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The operating surgeon sits at a remote console and uses a
3d viewer to direct the robot through hand and finger
controls. However, because of the significant cost of
obtaining and maintaining such a system, widespread use of
robotic surgery is limited2.
With development of NOTES, surgeons have found a way
to perform surgery without any incisions in the abdominal
wall. With use of multichannel endoscopes, the peritoneal
cavity is accessed through either the stomach or vagina, and
then, by passing instruments through the working channels,
surgeons can perform basic procedures. This technique has
been described for appendectomies and cholecystectomies.
The difficulty in this procedure lies in finding the best
method to close the hole created in either the stomach or
vagina. Surgeons are now investigating hybrid techniques
combining NOTES with microsurgery to perform basic
procedures within the peritoneal cavity2. Who knows,
perhaps in the near future all these minimally invasive
techniques (SILS, NOTES, robotics) will be combined in
order to perform surgery on a level never before seen. True
visionaries in the area focus on the robot less as a
mechanical device and more as an information system, one
that should be fused with other information systems. One
proposed example of such a fusion is image-guided surgery
also called surgical navigation.137-138 With this technique,
robot-assisted surgeons will be able to see real-time 3d
scanner images electronically superimposed over the
operative field that is displayed on the monitor. This means
that surgery is going digital56. Perhaps the real future of
robotics lies in microsurgery139. Telerobotic surgery has
inaugurated a new era in MIS with major potential changes
concerning concept and performance of surgery itself6.
A widespread integration of MIS into the pediatric surgical
practice is evident from this review. There was a recent
report in which older and younger surgeons were
questioned on the use of robotics in their practice.
Significant differences between the young and senior
surgeons reflect the evolving nature of the
recommendations. In this survey from 2008, only 17% of
the surgeons have previous experience in performing
robotic surgery. Nevertheless, 54% believed that robotic
surgery has a role in the future for MIS in children140.
Yet, for the time being robotically assisted surgery has
rapidly taken hold in several areas of adult surgery and is
beginning to emerge in pediatric surgery. As can be
determined from this review, recent reports state that this
technology seems safe and effective. However, there is still
debate whether or not there is substantive evidence that this
technology is superior to open or conventional laparoscopic
surgery. One thing that is for certain, however, is that
current robotic systems are not cost-effective in most
applications.
The current da Vinci surgical system was designed for
adults yet has been made to work for children, including
infants with technical success. These adaptations require
more time, effort and experience to employ.

Already the system has been modified with smaller, 5 mm
working instruments which reduces the size of the port sites
and allows surgery to be performed in smaller patients.
Newer versions of the system are more flexible in
positioning constraints, also facilitating use in the small
patient141.
The learning curve for lap procedures performed with
robotic assistance is much faster than with conventional lap
procedures. Adult practice often entails repeating a single
operation whereas in pediatric practice many diverse
procedures are performed by a single surgeon, which limits
the ability to efficiently develop the skills of conventional
laparoscopy. Thus, it is very helpful to have a technique in
which the training time is short and the surgeon is quickly
able to learn how to perform a procedure141.
When evaluating and predicting the future of robotic
surgery, it is clear that many additional studies will be
needed. Because performing a prospective randomized
controlled trial for surgical procedures is exceptionally
difficult, careful observational studies that use more robust
indicators may be the best that can be done for some time
when assessing robotic surgery in children. This is unlike
traditional laparoscopy142. For right now, it is safe to say
that the current da Vinci system has demonstrated proof of
principle that a digital information system that translates
movement in a precise and accurate manner (the instrument
is not a true robot but a movement transfer of master-slave
mechanical device) can be used effectively in surgical
procedures to take advantage of the reduced surgical trauma
of laparoscopy141.
Robotic surgery gives surgeons the ability to perform
essentially tremor- less microsurgery in tiny spaces with
delicate precision and may enable procedures never before
possible on children, neonates and fetuses. Collaboration
with radiologists, engineers and other scientists will permit
refinement of image-guided technologies and allow the
realization of truly remarkable concepts in MIS.
While robotic surgery is now in clinical use in several
surgical specialties (heart bypass, prostate removal and
various GI procedures), the greatest promise of robotics lies
in pediatric surgery. Fetal surgery is one example of a field
that could benefit tremendously from the ability to operate
exclusively by ultrasound or MRI, not to mention the
possibilities created by autonomous robotic units. There is
hope and belief that robotics will someday allow surgery to
be performed by the least invasive methods possible and to
operate on smaller and smaller structures including many
that can’t be accessed at all with current technologies44.
Therefore, even though robotics is still rather limited, we
hope to have demonstrated in this review of the current
literature that the technique is extremely promising and has
the potential of eventually becoming the gold standard for
many procedures. Who know, perhaps conventional
laparoscopy will be replaced all together. However, it is
safe to say that it will be some time before the surgical
community will reach this step.
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