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Robotic technology has increasingly been preferred by the medical professionals since 
they have been used for several clinical applications. Medical robots are preferred since 

they present better results compared to traditional methods such as smaller incision, 
higher accuracy, and lesser recovery time. Medical robots can be divided into three 

progressive generations. The first-generation robots were originally industrial robots 
that had been modified for performing medical applications in orthopedics, neuro-

surgery, radiology, and radiotherapy in the 1980s. The second-generation robots have 
been especially developed for executing surgical operations in the 1990s. After the 

2000s, the third-generation medical robots have been designed for performing diffi-
cult surgical and medical operations. From the first approved surgical robot AESOP to 

the current da Vinci Surgical System, there have been several different kinds of sur-
gical robots produced until now. Although the history of surgical robots is very short 
compared to the history of surgery, thousands of surgical robots have been installed 
in hospitals worldwide, and hundreds of thousands of people have been treated by 

these surgical robots. Nowadays, the achievements of the surgical robotics amaze both 
medical professionals and the patients. It is noteworthy to follow up on the evolution of 

surgical robotics in the future.
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Preface

Robots are increasingly becoming popular nowadays. In the beginning, they had been used
especially in mass production lines in small-scale to large-scale factories. Now, they have al‐
most entered every field of modern human life. They are now used in several fields such as
agriculture,car production, space and underwater exploration, medical purposes, hazardous
and dangerous environments, and other manufacturing industries. Robots are preferred in the
fields mentioned above since they perform the given tasks faster and better than humans. Pre‐
cision, intelligence, and long-term working cycles make them preferable in these fields.

Robots have become also very attractive machines for medical staff recently. Robotic technol‐
ogy has increasingly been preferred by the medical professionals since they have been used in
several clinical applications such as neurosurgery, orthopedics, radiosurgery, and cardiac
surgery. Medical robots are preferred since they present better results compared to traditional
methods such as smaller incision, higher accuracy, lesser recovery time, and better stability.

Medical robotic technology can be divided into three progressive generations. The first-gen‐
eration robots (PUMA, SCARA, and Delta) were originally industrial robots that had been
modified for performing medical applications in orthopedics, neurosurgery, radiology, and
radiotherapy. These robots were used in the 1980s. The following ten years had witnessed
the second-generation robotic theology that has been especially developed for executing sur‐
gical operations. The second-generation robots possessed special designs that make sur‐
geons easily operate the whole system. They have been preferred in fields like orthopedics,
radiology, and especially minimally invasive surgery. After the 2000s, the new robotic ma‐
nipulators had started to develop. These robotic manipulators were called as the third-gen‐
eration medical robots that had been designed for performing difficult surgical and medical
operations. From the first approved surgical robot AESOP to the current da Vinci Surgical
System, there have been several different kinds of surgical robots produced until now. Al‐
though the history of surgical robots is very short compared to the history of surgery, thou‐
sands of them have been installed in the hospitals worldwide, and hundreds of thousands of
people have been treated by these surgical robots. Nowadays, the achievements of surgical
robotics amaze both medical professionals and the patients. As a robotic professional, I be‐
lieve that the future of the surgical robotics will also be spurring and astonishing. It is note‐
worthy to follow up on the evolution of the surgical robotics in the future.

As a last word, I would like to thank all the authors who have contributed to the book chap‐
ters with their valuable novel ideas and their knowledge on the current developments about
surgical robotics.

Assoc. Prof. Serdar Küçük, PhD
Kocaeli University, Technology Faculty,
Department of Biomedical Engineering,

Turkey
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Abstract

The chronicle of surgical robots is short but remarkable. Within 20 years since the regula-
tory approval of the first surgical robot, more than 3,000 units were installed worldwide, 
and more than half a million robotic surgical procedures were carried out in the past year 
alone. The exceptionally high speeds of market penetration and expansion to new surgical 
areas had raised technical, clinical, and ethical concerns. However, from a technological 
perspective, surgical robots today are far from perfect, with a list of improvements expected 
for the next-generation systems. On the other hand, robotic technologies are flourishing at 
ever-faster paces. Without the inherent conservation and safety requirements in medicine, 
general robotic research could be substantially more agile and explorative. As a result, vari-
ous technical innovations in robotics developed in recent years could potentially be grafted 
into surgical applications and ignite the next major advancement in robotic surgery. In this 
article, the current generation of surgical robots is reviewed from a technological point of 
view, including three of possibly the most debated technical topics in surgical robotics: 
vision, haptics, and accessibility. Further to that, several emerging robotic technologies are 
highlighted for their potential applications in next-generation robotic surgery. 

Keywords: surgical robot, review, soft robotics, origami

1. Surgical robots today

Two decades since the American Food and Drug Administration (FDA) approved the first 
robotic device for surgical application, the establishments and achievements for robotic-
assisted surgery are remarkable [1–3]. A brief skim through the history of surgical robotics 
would reveal the mileage covered in this very short period comparing with the history of sur-
gery. The first FDA-approved surgical robot, the automated endoscopic system for optimal 

© 2018 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



positioning (AESOP, Computer Motion Inc.), was a teleoperated robotic endoscopic camera 
that followed the commands of the surgeon via either pedals or voices. The AESOP system 
was successfully used in laparoscopic surgical procedures in areas such as urology, gynecol-
ogy, etc., [4–7]. The subsequent ZEUS robotic system (Computer Motion Inc.) complemented 
an AESOP camera with two teleoperated robotic manipulators that were also continuously 
controlled by the surgeon through motion or voice commands [1, 8]. Despite its clinical suc-
cess, the ZEUS was rivaled by the da Vinci Surgical System (Intuitive Surgical Inc.) and was 
discontinued two years after clearing FDA due to company merger [9, 10]. The da Vinci, on 
the other hand, has been the class leader for robotic-assisted surgery ever since. General lapa-
roscopic surgery was among the first group of FDA-approved procedures for the da Vinci 
system in 2000, followed by radical prostatectomy in 2001, and urological surgical procedures 
in 2005 [11]. The list of FDA-approved procedures kept expanding, until the recent one for 
benign hysterectomy and salpingo-oophorectomy procedures for the latest version of the da 
Vinci system in 2013 and 2014 [12].

Besides expanding to new surgical areas, surgical robots have also made remarkable success 
in market penetration. The total number of da Vinci surgical systems installed (accumula-
tively) by December 2014 was 3,266 (2,223 in the US), with 570,000 procedures performed in 
the year 2014 [12]. Both the clinical and commercial successes have stimulated global research 
attention in surgical robotics. For physicians, there are various aspects of robotic-surgery–
related research being investigated, ranging from efficacy [13–16] to benefits for patients 
[16, 17], as well as risks [18–20] and ethics [20, 21]. Another major aspect of research is sur-
gical training, where surgical robots are generally believed to shorten the learning curve 
for laparoscopic surgery for young surgeons [22–25], while some variations were reported 
on skilled open surgeons transferring to robotic procedures [26]. Surgical training was also 
investigated by scientists and engineers, but via a different approach. Utilizing the com-
plete mechanical separation between the surgeon and the patient, it was possible to generate 
computer signals in virtual reality (VR) and present to the surgeon using exactly the same 
surgeon's interface console used in real surgeries. Virtual reality surgical simulations could 
easily be programmed to emulate cases difficult or rare in the real world with high resem-
blance, hence saving animal and patient models, while significantly reducing the surgical 
training cost [27–29]. The VR-based surgical training was reported to be efficient in training 
new surgeons to robotic surgery [30, 31].

2. Technical innovations for surgical robotics

While surgeons kept innovating in robotic surgery by developing new procedures and train-
ing programs for the commercially available surgical robots, scientists and engineers have 
strived to innovate for robotic surgery outside the operational theater. One major direc-
tion was to develop new functionalities for the existing surgical robots. Among the various 
research directions, the most successfully implemented functions are vision, haptics, and 
accessibility.

Surgical Robotics4
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2.1. Innovations for vision

In robotic laparoscopic surgeries, the surgeon no longer has a direct view of the surgical site, 
but must rely on camera images displayed on computer screens. Before the age of high-defi-
nition video, this used to be a significant limiting factor such that the surgeon did not have a 
view of the surgical site with sufficient resolution. This concern was soon overcome by high-
definition high-quality live video streaming, even three-dimensional (3D), which are already 
standard specifications for many available surgical robots [12]. The benefit of using cameras 
did not end with stereo vision. Making use of advanced lens systems, the surgeon could have 
an artificial view of the surgical site beyond the capability of the naked eye, for instance, the 
ultra-wide angle fisheye view from an endoscope or a super macro enlarged view of a tiny 
area otherwise not visible to a human. Moreover, since the video presented to the surgeon 
was in fact a computerized image sequence, it was possible to overlay a variety of informa-
tion and other images [32, 33]. The resulting augmented vision has already been success-
fully implemented in surgical robots for the surgeon's maximum benefits [34]. Furthermore, 
overlaying preoperative imaging results and even live imaging data such as ultrasound or 
magnetic resonance imaging (MRI) could potentially solve the navigation challenge for lapa-
roscopic surgery. Pioneering systems have already been reported for both preoperative and 
intraoperative imaging augmentation [33, 35–37].

2.2. Innovations for haptics

Another major and yet still ongoing debate is on whether haptics is a necessity for robotic sur-
gery [34]. The term haptics has been used to refer to the sense of touch in general, while in this 
context, it only refers to providing force feedback signal to the surgeon on the surgeon's con-
sole, so that the surgeon could feel how much force is being applied even without direct view 
over the contact point, for better and safer handling of tissues [38]. Haptics of the same narrow 
sense had been investigated for a much longer period of time in general robotics research. 
Controlling forces at the interaction point had been studied in the 1970s [39, 40], with hybrid 
force/position control algorithms proposed in the late 1970s and the early 1980s [41, 42]. Soon 
afterwards, the concept of impedance control was formulated in the mid-1980s, where the vir-
tual stiffness of a robotic manipulator could be controlled instead of position or force individu-
ally, to cope with any unpredicted interaction status [43, 44]. This concept quickly became one 
of the most popular and well-established control approaches in robotics until today [45]. By 
the time of the first-ever FDA approval on surgical robots (the AESOP), roboticists proposed 
the concept of transparency: that an ideal teleoperation system should be transparent to the 
user, such that every command could be faithfully executed and every event in the remote 
environment could be fed back to the user [46, 47]. All of the above concepts were built on 
available and high-quality real-time force feedback signals, which roboticists took for granted. 
Unfortunately for surgical robots, it was not the case. Due to strict spatial constraints, there 
was no force sensor available at that time that could fit into the instruments, hence the first 
generation of surgical robots was not equipped with force sensors, and naturally there was no 
force feedback [34, 38].

The Next-Generation Surgical Robots
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While engineers could not get over the fact that the state-of-the-art surgical robots were still 
utilizing the pre-1980 technology without proper force sensing, surgeons were starting to be 
trained to use the haptic-less surgical robots and estimate interacting forces by visual infor-
mation [48, 49]. After the remarkable clinical achievements of haptic-less surgical robots, the 
addition of haptics to existing surgical robots became a radical move, in the eyes of the very 
group of surgeons who were radical enough to adopt robotic surgery earlier. In fact, this makes 
the underlying argument for the majority of literature against haptics in robotic surgery: since 
the current robots are already so good without it, if the additional complexity, unknown risks, 
and added costs could still be justified [49–51]. This hesitation was caused, at least partially, by 
technical reasons: in early surgical robotic systems, haptic feedback was either patched on or 
estimated/simulated, the performance of which was rather limited, hence surgeons were less in 
favor of the outcomes [48]. However, with the fast developments in robotic technology, recent 
surgical systems with haptic feedback are equipped with new force sensors and very well 
implemented control [52, 53], and as a result, more and more studies showed that haptic feed-
back became one of the most wanted features for the next generation of surgical robots [54–59].

2.3. Innovations for accessibility: SIL and NOTES

Another important area of technical innovation is accessibility. One of the main improvements 
laparoscopy had over open surgery was the significantly reduced size of incisions; hence, the 
alias “minimally invasive surgery” became more familiar to the general public. Reducing the 
incisions resulted not only in cosmetic improvements but also in a spectrum of procedural and 
postoperative benefits to both the surgeon and the patient [60–62]. However, surgeons had to 
undergo specific training with a steep learning curve to accommodate the compromised vision 
and maneuverability [63, 64]. This was precisely what the first generation of surgical robots took 
on manual laparoscopy, removing the burden of maneuverability from the surgeon by automatic 
control programs and electric motors, such that the surgeon no longer needed to think about the 
small incisions or apply fatiguing excessive forces, but focus on the surgical procedure [23, 65]. 
As a result, the learning curve for robotic laparoscopic surgery is much shorter [22–25]. While 
manual laparoscopy is still a required training, there have been studies in comparing the use of 
surgical robots by surgeons experience or inexperience with manual laparoscopy [26, 66, 67].

With the clinical and general adoption for laparoscopic surgical robots, roboticists tackled the 
more challenging single-incision surgery (SIL), where the multiple small incisions in laparo-
scopic surgery were further merged into one. The idea of SIL was first proposed as a manual 
procedure, and grew into a daily surgical routine for general surgery in particular, especially 
for transoral, transanal, and transvaginal interventions [68–70]. The majority of manual SIL 
procedures were carried out using a single instrument for intervention, as laparoscopic SIL 
was found with compromised practicality, where the surgeon had to either reverse the motion 
of the instrument tips or cross his/her own hands to accommodate the immobilizing incision 
point, being a very counterintuitive exhaustive motoring task to add to the mental burden 
for the surgeon [71]. However, various studies have pointed out that, after proper training, 
the efficacy for laparoscopic SIL is at least as good as standard laparoscopy [72–74]. Robotic 
technology bares every potential to overcome the primary limiting factor for SIL: constant and 
high mental burden of motoring control for the surgeon. Assuming sufficient instrumental 
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rigidity and maneuverability, the automatic control program could drive the robotic instru-
ments around one incision in the same way as driving them around multiple incisions. This, 
however, requires redesigning the hardware to provide the necessary kinematic structures for 
the additional complexity in motion mapping. Single site surgical robotic system has already 
been released, and will be accumulating clinical results in the near future [12, 75–78].

In parallel with laparoscopic SIL, another approach to increasing accessibility is by intro-
ducing robotic technology to flexible endoscopy. Endoscopic interventions are slowly grow-
ing popular after the introduction of endoscopic submucosal dissection (ESD) by Japanese 
physicians [79]. ESD was first targeted at endoscopic removal of neoplasia or early-stage 
gastric cancer [80, 81]. The technique could potentially unify the imaging, diagnostic, and 
treatment procedures, and find the basis for natural orifice transluminal endoscopic surgery 
(NOTES) [82–84]. However, in practice, manual ESD required extensive training and experi-
ence, and remained technically challenging to execute for both surgeons and endoscopists 
[85–87]. Overcoming the technical hurdle, the first endoscopic surgical robot was introduced 
by enabling multiple degrees-of-freedom (DOF) triangulated instrumentation on a standard 
endoscope platform [88]. The robot adopted the master-slave design similar to laparoscopic 
surgical robots [89, 90], and was enabled with haptic feedback [91, 92]. Robotic ESD was the 
first targeted procedure, with a series of porcine model [93, 94] and human trials [95], followed 
by a preclinical trial on full-thickness mucosa removal [96]. Behind the clinical success, sig-
nificant engineering efforts were spent overcoming the cable transmission issues under very 
tight spatial constraints for the endoscopic instrument channels, where mechanical transmis-
sion [97, 98], static [99, 100] and dynamic [101, 102] friction attenuations were investigated 
thoroughly to improve the performance of the robot under the harsh working environments 
of the endoscope for both ESD and NOTES [103].

2.4. Global attention and trends in surgical robots

The success of laparoscopic and endoscopic surgical robots had stimulated worldwide 
attentions in surgical robot research, for instance, the laparoscopic telesurgical RAVEN 
robot [104, 105], the Magellan endovascular robot [106], snake-like surgical robots [107, 108], 
MRI-compatible surgical robots [109, 110], single-incision laparoscopic robots [111–116], 
and endoscopic robots [117–121].

The first observation is the global flourish of surgical robot research. The non-exhaustive 
country list includes the US, the UK, Germany, Italy, China, Japan, Korea, and Singapore. 
The cited works here did not include literature published in non-English format, or indus-
trial developments, which could be expected considering the strong application orientation 
for this field. The second trend is the clear convergence of targeted surgical procedures 
for the various, independently developed surgical robotic systems. While earlier systems 
such as the RAVEN [104, 105] was still designed for laparoscopic surgery with multiple 
incisions, later laparoscopic robots were all aimed for single-incision procedures [107–116]. 
For endoscopic alternatives, nearly all systems were aimed fully or partially at NOTES 
[118–122]. General surgery and urologic surgery were the most common two surgical areas 
mentioned in the system development goals. The third observation is the technology used 
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in the new systems. All of the cited systems used cable transmission to remotely drive 
the robotic end-effector except one design that utilized a screw-drive [117]. To create the 
cable-pulling motion, various techniques were employed; the majority used electric motor 
[103, 106–109, 113–115, 119–121], while others used shape-memory alloy [116, 118], pneu-
matics [109], piezoelectric actuator [110], and magnetics [117]. The final observation is on 
the manipulator structure. Both SIL- and NOTES-oriented surgical robots are attempted 
to integrate multiple (three to six) DOF mechanisms under a very tight spatial constraint, 
while required to deliver high gripping force for tissue handling and suturing tasks. While 
conventional revolute joints were still employed in some designs [122], articulated and 
continuum mechanisms were the clear trend for their better integration potential, stron-
ger structure, and higher force capabilities [123]. The kinematic designs of typical surgical 
robots were reviewed in Ref. [124].

3. Emerging technologies for future surgical robotic applications

Robotic research in general is also moving at remarkable speeds. There are constantly new 
developments and discoveries that could potentially be translated into surgical robotic appli-
cations. Here, two of the emerging new technologies are highlighted: origami and soft robot-
ics. Both directions are quickly picking up momentum in recent years, with the potential to 
tackle on one of the fundamental challenges in surgical robotics, and both already had pio-
neering systems being reported for related applications.

3.1. Origami in surgical robots

Origami is the art of intricately folding a sheet of paper into elaborate 3D sculptures and 
objects [125]. The essential elements of an origami pattern are the facets and crease lines 
(mountain and valley folds) that formed flat facets, i.e., quadrilaterals or triangles, and fold 
lines which are considered as revolute hinges connecting the facets. As a result, origami 
mechanisms could be folded from 2D states to 3D structures, such as the Miura-ori patterned 
sheet [126] and deployable structures [127, 128]. By implementing actuation in the hinges, 
self-folding origami composed of shape-memory polymer [129] and print-and-self-fold min-
iature electric devices could be obtained [130].

Origami mechanisms have the potential to tackle two crucial challenges faced by surgical 
robots: fabrication and assembly. A micro-fabrication technique known as Pop-Up Book 
MEMS [131] could create 3D, multi-material, and monolithic meso- and microstructures using 
purely 2D planar manufacturing and origami folding techniques [132]. The Pop-Up technol-
ogy allows for the fabrication of complex, multifunctional electromechanical devices on the 
0.1–10 mm scale, significantly below the size limitation for traditional machining techniques. 
It consists of flexible (polyimide), structural (carbon fiber or metal), and adhesive layers. To 
overcome planar limitations inherent to MEMS, surface-machined pin-and-staple hinges 
[132] and polymer flexures [133] are used to create folding linkages.
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In addition to the fabrication scale advantages, origami mechanisms also allow for novel 
assembly possibilities. As the boundary of miniature surgical instruments keeps being 
pushed, the difficulty for the assembly, bonding, and packaging processes would increase 
in multifolds. Self-folding (self-assembly/self-deployable) origami-inspired miniature 
devices have been demonstrated to effectively solve the assembly challenge [132]. A series 
of self-folding grippers have been demonstrated in Refs. [134–136] with a variety of mate-
rials, shapes, and sizes, mostly targeted at single-cell manipulation. Techniques such as 
photolithography, electron-beam lithography, and soft lithography have been used to 
precisely pattern two-dimensional sheets of materials, namely metals, semiconductors, 
and polymeric films. Actuations derived from surface tension, residual stress, thermal 
or PH stimuli are used to fold patterned sheets into three-dimensional structures [137]. 
Instruments of an SIL surgical robot have a much larger scale than the cell manipulators 
above, while also requiring much higher forces. A Pop-Up-based surgical robot grasper 
was developed as given in Ref. [138]. Besides easy assembly, a novel feature was the inte-
grated force sensing during the same fabrication and assembling procedure.

Besides the Pop-Up-based grasper in Ref. [138], another grasper design based on origami 
mechanism was reported in Ref. [139] with four DOF and was actuated by shape memory 
alloy (SMA). Origami could eventually revolutionize surgical instrument design and manu-
facturing, with self-assembling micro-scale robotic end-effectors integrated with sensors and 
actuators. Moreover, the actuator could be delivered into the surgical site in 2D form and 
self-assemble into 3D working form afterwards.

3.2. Soft robotics for surgical applications

Soft robotics is another rapidly emerging research field. Soft robots are commonly fabricated 
with flexible and elastomeric materials to achieve complex motions with simple mechanical 
structures [140, 141]. Generating motions without relying on rigid structures or components, 
these systems are ideal for bio-mimicking [142, 143] and manipulating delicate objects [144, 145]. 
Soft robots could be actuated with electrical charges [146], chemical reactions [147], and most 
commonly pressurized fluids [143, 144, 148, 149]. When pneumatic/hydraulic soft robots are 
pressurized, the internal fluid chambers would expand and deform the actuator. By selectively 
controlling and redirecting the deformation, multiple forms of motions could be created or even 
combined, such as contraction/extension [150], bending [143, 144, 148, 151–153], and twisting 
[142, 154]. Soft robots have a long list of desirable features, such as low weight, high power-to-
weight ratio, low material cost, and ease of fabrication [141, 142].

For surgical robotic applications, soft robots have one clear advantage: inherent compli-
ance. Without any rigid component, the entire robot is soft and compliant at rest. Even after 
pressurization, its soft structure and fluidic actuation media would still allow some level of 
compliance and back-drivability under extreme conditions [142]. This inherent compliance 
translates to safe and atraumatic tissue handling and manipulation during surgical proce-
dures. With the vast majority of the current instruments for surgical robots made from metal 
or other high-stiffness materials, soft robots bear the potential to offer soft alternatives for 
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specific situations. A soft robotic grasper was developed for atraumatic tissue handling in 
robotic surgery, as a safe interface between the rigid surgical instrument and the delicate 
human organ [155]. The preliminary results were very promising for the future application of 
soft robotics into surgical systems.

4. Conclusions

Technology had once again brought a paradigm shift into operational theaters toward robotic 
surgery. Robotic surgery has been and will continue to be one of the fastest growing fields in 
medicine in the foreseeable future. On the other hand, as elaborated in this article, the current 
generation of surgical robots is far from perfect in the sense of robotic technology, neither are 
they providing the surgeons with the ideal user experience. This is in part due to the inherent 
conservation in medical innovation, such that only the well-matured and proven technologies 
could penetrate the regulatory barrier into implementation. Another important reason not to 
be overlooked is the exploration and make-do spirits of visionary surgeons: it is not unusual 
that surgical robots are experimented in new procedures or even surgical areas it was not 
originally designed for. Regulatory would also put efficacy and safety over the surgeon's 
user experience as the main considerations, as they are directly related to the benefits of the 
patient, the regarded real end user for surgical robots. Therefore, as long as the (previously 
approved) surgical robot could be used in a new procedure effectively and safely, it could 
potentially be approved for clinical practice.

Built on the remarkable success of current surgical robots, in the near future, there will be 
a spectrum of new surgical robots, developed by both robotic laboratories and companies 
all around the globe, and employing a wide range of novel technologies, including the ones 
introduced in this article. The majority of such new systems will strive to reduce both the 
footprint of the robot and the size of the incision, for better suitability for SIL and/or NOTES. 
Automated surgery would still be a challenging area as, until now, the judgments of the sur-
geon remained the core of the entire surgical procedure. Shifting the role of robots from assis-
tive instruments and operational interfaces to decision makers, even partially, would require 
a much greater effort, both in research/development and in the mentality of surgery, than 
technically improving surgical robots within their current range of responsibility. However, 
both the acquisition cost of the robotic system and the maintenance and procedural costs 
will be lowered, even if this means compromising the generalizability and introducing new 
robots more specialized in certain surgical areas or procedures. This would help in promoting 
robotic surgery into regional and specialized clinics. On the other hand, given the complex-
ity of the design iteration and the time required for the regulatory approval procedure, the 
development of new surgical robot systems would hardly catch up with the speed of pushing 
new surgical boundaries. For this, surgeons and roboticists will continue to innovate based on 
the current generation of surgical robots, add new functions, develop evolutionary updates, 
apply modifications to fit new procedures, as well as compose new training protocols and 
programs to fully cultivate the potentials of surgeons.
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Abstract

Minimally invasive surgery has been introduced to various surgical fields for its benefits 
such as smaller scars and less pain as compared to open surgery. Highly skilled surgical 
techniques are required for surgeons to conduct minimally invasive surgery with fewer 
ports, whereas minimally invasive surgery has a number of advantages for patients. Single-
incision laparoscopic surgery (SILS), in which surgical instruments and a laparoscope are 
inserted through a single port, has better cosmetic results than conventional  multi-incision 
surgery; moreover, the scar is invisible when the port is opened in navel. However, 
 instrument collisions and visual defects often occur due to the limited space of the single 
opening. We propose a new surgical approach entitled “virtual incision” that enables sur-
geons to increase the number of openings virtually. Using our approach, we have devel-
oped two types of master-slave surgical robot systems for SILS—remote-operated and 
local-operated systems—which have operability close to that of multiple-incision surgery. 
Through evaluation of these systems, we demonstrated that the visual field and operability 
during virtual incision surgery are similar to those of conventional multi-incision surgery. 
Our surgical approach can be applied to not only single-incision surgery but also multi-
incision surgery, and is very likely to improve operability.

Keywords: master-slave, robot, surgery, virtual incision

1. Introduction

In the past, curing illness was taken to be the highest priority and surgeons did not pay equal 
regard to patients’ quality of life (QOL). Recently, however, as medical technology has pro-
gressed, equal importance can be given to both. Minimally invasive treatment has been 
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introduced in various medical fields to reduce the patient’s psychic and physical burden. 
For example, intravascular treatment with a catheter has been used in cerebrovascular, 
cardiovascular and peripheral artery surgeries, etc., and the patient’s burden is drasti-
cally decreased [1]. Particle radiotherapy and advanced radiotherapy can lessen the side 
effects and emphasize the therapeutic effects more than conventional radiation therapy [2]. 
Laparoscopic surgery is a kind of minimally invasive endoscopic surgery that targets the 
digestive organs and requires multiple small ports to insert long surgical instruments and 
a cylindrical camera called a ‘laparoscope’. Laparoscopic techniques bring many benefits 
to patients, such as smaller scars, fewer complications, and shorter hospitalization than 
conventional open surgery [3, 4]. To achieve less invasiveness, a new surgical method—
single-incision laparoscopic surgery (SILS)—has been developed. In this method, surgical 
instruments, including a laparoscope, are inserted through a single opening. SILS is more 
cosmetic than general laparoscopic surgery since the number of ports is reduced from many 
to one. It is sometimes called “scar-less surgery” because the scar is invisible when the port 
is made at navel [5–7]. However, SILS requires high levels of skill for operating surgeons due 
to physical challenges such as collisions between instruments and visual defects caused by 
the single opening [8–10].

Minimally invasive surgery places a large burden on operating surgeons but brings great 
benefits for patients and preserves their QOL. To address this matter, various systems for 
minimally invasive surgery have been developed. The da Vinci (Intuitive Surgical Inc., CA, 
USA) is one of the most famous master-slave surgical robot systems in the world and can 
conduct laparoscopic surgery remotely with the operability close to that of open surgery 
by offering a 3D visual field, precise manipulation, and hand tremor cancellation. Although 
this robot was originally developed to support conventional multi-port laparoscopic surgery, 
it has also been used in single-port surgery due to its high functionality [11, 1]. Yet, it has 
mechanical problems such as arm collision and takes a long time to learn, even for skilled 
surgeons [13].

To achieve SILS that satisfies both patients and surgeons, we propose a new surgical concept 
called “virtual incision” and have evaluated the effectiveness of our concept by two types of 
master-slave robot systems for SILS.

2. Virtual incision

In SILS, the same surgical instruments and laparoscope are used as in conventional lapa-
roscopic surgery, and the number of surgical incisions is the only difference between these 
operating methods. The fact that the number of surgical incisions has decreased from 3 to 
1, as shown in Figure 1(a) and (b), is one cause of the technical problems in SILS such as 
instruments collisions and visual defects. Thus, we propose a new surgical approach entitled 
“virtual incision” in which the number of ports is increased not physically but virtually. This 
concept provides SILS the operability close to that of multi-port surgery.

Surgical Robotics24
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Making a “virtual incision” requires two conditions: (1) internal surgical instruments must 
behave the same as conventional laparoscopic surgery within the range of a laparoscopic 
view as shown in Figures 1(c) and (2) the operator must hold other external instruments to 
control the internal surgical instruments and manipulate them in the same way as conven-
tional laparoscopic surgery. Please note that the operators normally look not at their hands 
but at a laparoscopic view displayed on a monitor during surgery. If these two conditions are 
satisfied, two virtual incisions are created on the abdominal wall in the direction of the long 
axis of the internal surgical instruments seen on the laparoscopic view. Therefore, surgeons 
can conduct SILS as if they were operating multi-port surgery even though there is only a 
single real port in the abdominal wall.

3. Master‐slave robot systems using the concept of virtual incision

We have developed two types of master-slave robot systems using our proposed “virtual 
incision” approach: a remote-operated system which requires two virtual incisions, achieving 
three-incision surgery [14] and a local-operated system which requires one virtual incision, 
achieving two-incision surgery [15].

3.1. Remote‐operated master‐slave robot system

3.1.1. System configuration

A remote-operated master-slave robot system is mainly composed of two master instruments, 
two slave bending instruments and a control PC. We use two normal surgical instruments 
as master, which are inserted through two incisions at the tip of two holding arms set on a 
table as shown in Figure 2. A small magnetic sensor (3D-Guidance, Ascension Technology 
Corporation, VT, USA) is attached to each tip of the master instrument to measure the tip’s 
position and posture. On the slave side, the two flexible instruments and a laparoscope are 
attached to commercial robotic arms (slave part of ZEUS surgical robot system, Computer 

Figure 1. The number of surgical incisions required; (a) conventional multi-incision surgery, (b) single-incision laparoscopic 
surgery (SILS), and (c) SILS with two virtual incisions.
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Motion Inc., CA, USA), and they are all inserted into a real single opening in the patient’s 
abdominal wall. The two slave instruments are crossed through the port and the tip of these 
instruments can be bent with a wire-driven mechanism. Each master instrument corresponds 
to the opposite slave instrument; that is, the left-side master instrument controls the slave 
instrument attached to right-side robotic arm; thus, the instrument tip of master behaves in 
the same way as that of slave in the area of the dashed square in Figure 2. Although the 
motion ratio between master and slave is adjustable (e.g., 5:1 to achieve a precise motion on 
the slave side), in our robot system we set the motion ratio of 1:1 to provide the surgeons the 
same operability as conventional laparoscopic surgery.

In this case, our proposed remote-operated master-slave robot system meets the requirements 
for the concept of virtual incision, then two virtual incisions are created in the abdominal wall 
in the long axis direction of the distal part of the slave instruments, which means that the 
operating surgeon can conduct SILS with three ports (one real and two virtual).

3.1.2. System evaluation

3.1.2.1. Operating conditions

Prior to system evaluation, we prepared an imitation of conventional operating conditions 
(multi-port and single-port surgery) by adjusting the set-up of master and slave, such as the 
number of ports and the shape of instruments, to compare our proposed method with con-
ventional methods, as shown in Figure 3. In imitated multi-port surgery (iMPS), there are 
two surgical ports on the master and slave sides, and the distal part of the two slave bending 
instruments is set linear shape. Each master instrument corresponds to the slave instrument 
on the same side; thus, the same operability as in conventional multi-port surgery can be 
achieved. In imitated single-port surgery (iSPS), the distal parts of the two holding arms are 
moved close to each other on the master side, and the two slave instruments are crossed and 
pass through one incision, and the distal part of these is set linear shape on slave side. The 
master instruments correspond to the slave instruments as in the operating condition of iMPS, 
providing almost the same operability as conventional single-port surgery. In the proposed 
SILS, the configuration of and correspondence between the master and slave instruments are 
set as described in Section 3.1.1.

Figure 2. Correspondence between master instruments and flexible slave instruments.
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3.1.2.2. Task

In the remote-operated master-slave robot system, we conducted two experiments using (1) a 
simulated slave robot and (2) a real slave robot.

Experiment (1): a monitor is set behind the master, displaying an imaginary laparoscopic 
view as shown in Figure 4(a). Using this system, four gastral surgeons conducted an object-
moving task, in which the operator moves a series of balls around two boxes to each box by 
manipulating two master instruments, as indicated in Figure 4(b). One trial is set as moving 
a ball 40 times, and the surgeons implemented two trials each in three operating conditions 
(iMPS, iSPS, and proposed SILS).

Experiment (2): two robotic arms are mounted on a surgical bed and two bending slave 
instruments are attached to each arm. A box is placed on the surgical bed, and the two 
slave instruments and a laparoscope are inserted into the box, as shown in Figure 5. A moni-
tor is set as well as in Experiment (1) and a real laparoscopic view is displayed. Under this 
experimental environment, another gastral surgeon conducted an object-touching task, in 
which the operator touches a cylindroid object in the box using the two slave instruments 
by manipulating the two master instruments. He conducted seven trials in each of the two 
operating conditions (iSPS and proposed SILS).

Figure 3. Master and slave configuration of three operating conditions: imitated multi-port surgery (iMPS), imitated 
single-port surgery (iSPS), and SILS with proposed remote-operated system (proposed SILS).
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Figure 5. Object-touching task during the task in iSPS: (a) master set-up and (b) slave set-up.

3.1.2.3. Result

Experiment (1): average object-moving times among the four surgeons for each trial were 251 
± 61 s (iMPS), 310 ± 52 s (iSPS), and 247 ± 67 s (proposed SILS) in trial 1, and 182 ± 29 s (iMPS), 
248 ± 77 s (iSPS), and 178 ± 15 s (proposed SILS) in trial 2. There was no significant difference 
between iMPS and proposed SILS (p = 0.23 > 0.1), and a significant difference between iSPS 
and proposed SILS was confirmed (p = 0.011 < 0.05).

Experiment (2): average object-touching times were 25 ± 7 s (iSPS) and 11 ± 4 s (proposed 
SILS).

3.2. Local‐operated master‐slave robot system

3.2.1. System configuration

A local-operated master-slave robot consists of a master device, a slave robotic instrument, 
and a control PC. The master device is placed above the patient’s abdominal wall and can 

Figure 4. Object-moving task: (a) experimental set-up during the task in iMPS and (b) task detail; black port for iMPS 
and white port for iSPS and proposed SILS.
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be fixed to a surgical table using a conventional passive grasping holder. The slave robotic 
instrument is also attached to the surgical table with another grasping arm, and the robotic 
instrument can change between the two states of straight or bent; it is straight when passing 
through an incision and then is bent and set in alignment with the master device in the body 
as indicated in Figure 6(a). The master device and slave robotic instrument have five-DOF 
motion as in conventional laparoscopic surgery, including a grip/tip opening and closing 
(OC), spherical motion around the base point (pitch and yaw), axial rotation (roll), and extrac-
tion and contraction (EC) along the longitudinal axis. The posture and tip opening and closing 
of the slave robotic instrument have a point-symmetrical relationship with those of the master 
device, and the length of the slave instrument is inversely proportional to that of the master 
device. The master device and slave robotic instrument are moved simultaneously through 
the abdominal wall with a motion ratio of 1:1, thus they behave like a normal commercial 
surgical instrument inserted into a port. Our proposed system could be used as a substitute 
for the left-sided surgical instrument in SILS, especially in single-incision laparoscopic chole-
cystectomy as shown in Figure 6(b) since the left-sided surgical instrument is often used for 
grasping tissue.

In this case, our proposed local-operated master-slave robot system meets the requirements 
of virtual incision, and one virtual incision is created in the abdominal wall between the 
master device and the slave robotic instrument as illustrated in Figure 6(a). This means that 
the operating surgeon can conduct SILS with two ports (one real and one virtual).

3.2.2. System evaluation

3.2.2.1. Task

In the local-operated master-slave robot system, we conducted two experiments: (1) a basic 
experiment and (2) an ex vivo experiment using a porcine liver.

Figure 6. Local-operated master-slave robot system: (a) concept of proposed system and (b) surgical instrumental set-up 
for single-incision laparoscopic cholecystectomy.
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Experiment (1): a training box is placed on a surgical table, and a master device is set above 
the box as a left-side surgical instrument as shown in Figure 7(a). A right-sided normal surgi-
cal instrument, a laparoscope, and a slave robotic instrument are all inserted into the single 
real opening. The operator moves a series of rings placed on a peg board in the box from left to 
right using the surgical instruments with both hands while observing the laparoscopic view 
on a monitor. The ring is lifted from the left-side peg by the left-side instrument in the laparo-
scopic view, transferred to the opposite-sided instrument, and placed on the right-side peg, as 
illustrated in Figure 7(b). To evaluate the operability of our proposed SILS, we prepared two 
conventional SILS operating conditions—SILSc and SILSp—in which two normal surgical 
instruments are inserted through a single port and are manipulated with crossed and paral-
lel set-ups, respectively. One trial is set as moving three rings three times, and three gastral 
surgeons (Surgeon A, B, and C) conducted three trials each under three operating conditions 
(SILSc, SILSp, and proposed SILS).

Experiment (2): the operating condition of proposed SILS is set as in Experiment (1), and a 
normal resection instrument is used as a right-sided instrument. As shown in Figure 7(c), a 
porcine liver with a gallbladder is fixed to a board in the training box, and the cystic duct has 
previously been clipped. In this experiment, we simulate a single-port laparoscopic cholecys-
tectomy, and an operator separates the gallbladder from the liver by manipulating the surgical 
instruments with both hands while watching the laparoscopic view.

3.2.2.2. Result

Experiment (1): average switching time between the instruments and standard deviation of 
Surgeon A were 11.65 ± 14.97 s (SILSc), 21.64 ± 33.85 s (SILSp), and 7.03 ± 2.49 s (proposed 
SILS); those of Surgeon B were 6.82 ± 4.51 s (SILSc), 13.82 ± 29.40 s (SILSp), and 8.48 ± 3.58 s 
(proposed SILS); and those of Surgeon C were 10.04 ± 5.07 s (SILSc), 35.82 ± 34.66 s (SILSp), 

Figure 7. Evaluation experiment of local-operated master-slave robot system: (a) object-moving task in the operating 
condition of our proposed SILS, (b) peg board detail, and (c) ex vivo experimental set-up in single-port laparoscopic 
cholecystectomy.
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and 6.48 ± 2.25 s (proposed SILS). The average switching times among the three surgeons 
were 9.50 ± 9.70 s (SILSc), 22.25 ± 33.57 s (SILSp), and 7.23 ± 2.87 s (proposed SILS).

The number of collisions between the instruments in the box during the task of Surgeon A 
was 7 times (SILSc), 15 times (SILSp), and 0 times (proposed SILS); those of Surgeon B were 
3 times (SILSc), 9 times (SILSp), and 1 time (proposed SILS); and those of Surgeon C were 
1 time (SILSc), 18 times (SILSp), and 0 times (proposed SILS). The average number of colli-
sions of all surgeons was 3.67 times (SILSc), 14 times (SILSp), and 0.33 times (proposed SILS). 
Meanwhile, the collision between the instrument and laparoscope occurred frequently out-
side the box under two conventional SILS operating conditions; however, the master device 
did not conflict with the laparoscope or the other instrument in our proposed SILS.

Experiment (2): the operator separated the gallbladder from the liver without instrument col-
lision, grasping it using the slave robotic instrument by manipulating the master device with 
the left hand and cutting it using the resection instrument with the right hand.

Laparoscopic views during Experiments (1) and (2) are presented in Figure 8.

Figure 8. Laparoscopic view during the task; object-moving task in the operating condition of (a) SILSc, (b) SILSp, (c) 
proposed SILS, and (d) ex vivo cholecystectomy using our local-operated master-slave robot system.
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4. Discussion

As for the remote-operated master-slave robot system, from Experiment (1), we confirmed 
that the average object-moving time and standard deviation in the proposed SILS were signif-
icantly shorter than in iSPS, representing conventional single-port surgery, and were almost 
the same as those in iMPS, representing conventional multi-port surgery. From the subjec-
tive evaluations, all surgeons commented that the operability in the proposed SILS was little 
differentiated from that in iMPS. In Experiment (2), the object-touching task in the proposed 
SILS was accomplished in shorter time than iSPS, and there was less interference between 
the instruments in the proposed SILS than in iSPS. These results indicate that our proposed 
remote-operated system could improve the operability of SILS and achieve operability close 
to conventional multi-port surgery by adding two virtual incisions.

In regard to the local-operated master-slave robot system, in Experiment (1), the average 
switching time and standard deviation for proposed SILS were shorter than those for two 
conventional SILS operating conditions (SILSc and SILSp). Instances of interference between 
the surgical instruments were drastically decreased in the proposed SILS as compared with 
SILSc and SILSp. Focusing on the left-side surgical instrument, its location in the laparoscopic 
view in our proposed SILS differed from that of conventional SILS methods, as shown in 
Figure 8(a)–(c). The left-side and right-side instruments were inserted from the same direc-
tion on the laparoscopic view and were close together in SILSc and SILSp, and the left-side 
instrument was inserted from left side on the laparoscopic view as in conventional multi-port 
laparoscopic surgery in proposed SILS. The subjective evaluations from the surgeons also 
indicated that they were able to conduct SILS more easily using our proposed system than 
conventional SILS. In Experiment (2), the operator performed single-port laparoscopic chole-
cystectomy without any problems, and a laparoscopic view close to that in multi-port surgery 
was observed as shown in Figure 8(d). The operator also reported that it was like performing 
laparoscopic surgery though there was only one port. From these results, we confirmed that 
the local-operated master-slave robot system could improve the operability of SILS, provid-
ing greater efficiency and stability, and offering the operability and a surgical view similar to 
those of multi-port laparoscopic surgery by introducing one virtual incision.

From the above results of the two master-slave robot systems, we have confirmed the useful-
ness of our proposed new “virtual incision” surgical approach, since it brings the operability 
and surgical view similar to multi-port laparoscopic surgery even though only one port is 
opened in the abdominal wall. The operational procedure of our proposed surgical robot 
systems is close to the conventional surgical method, and thus does not require extra training 
for surgeons who are used to conventional multi-port laparoscopic surgery.

Although the initial motivation for proposing the “virtual incision” concept is to overcome the 
difficulties of SILS, such as instrument collision and visual defects, this concept can be used 
not only for single-port surgery but also for conventional multi-port surgery. For example, 
three-port surgery could be conducted with two real openings by adding one “virtual inci-
sion”. In thoracoscopic surgery, the surgical port position is limited by the alignment of the 
limb, and is not as flexible as in laparoscopic surgery. By introducing the concept of  “virtual 
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incision” to thoracoscopic surgery, it is expected that surgeons can make a surgical port at an 
appropriate position without worrying about the limb, and the operating area can expand 
with fewer ports. We plan to develop a surgical device introducing our concept for thoraco-
scopic surgery [16].

Needlescopic surgery, another form of minimally invasive surgery, has been utilized in vari-
ous surgical fields and brings cosmetic benefits for patients since it uses surgical instruments 
with very small diameter [17, 18]; however, it also has problems as it is difficult to keep the 
stiffness of the surgical instrument while including adequate functionality in a small-diam-
eter instrument. We believe that our new surgical concept of “virtual incision” is one way to 
achieve more minimally invasive surgery by reducing the number of real ports through a 
virtual incision.

As for master-slave surgical robot systems, many surgical robot systems have been devel-
oped to support surgery, but a master can control only a slave of the same system. For future 
robotic surgery, we think that collaboration among various master-slave surgical robot sys-
tems will become increasingly important. Operating surgeons have different preferences for 
the master controller of a system, and it is difficult to decide on one master. Robotic surgery 
could become more flexible if multiple masters can control the same slave or one slave can be 
easily exchanged for another. We are also working on another project in which multi-master 
and multi-slave options could be selected flexibly using an industrial middleware ORiN for a 
next-generation surgical-assisted robot system [19].

5. Conclusion

Minimally invasive approaches such as reduced port surgery have been introduced to vari-
ous surgical fields to achieve more patient-friendly surgery. Although single-incision laparo-
scopic surgery (SILS) has cosmetic benefits for patients, such as less pain, smaller scar, and 
shorter hospitalization than conventional laparoscopic surgery due to its single opening, it 
has technical problems that increase the surgeon’s burden. Therefore, we have proposed a 
new surgical approach called a “virtual incision”, and have applied it to two types of mas-
ter-slave robot systems for assisting SILS. From the evaluation results of the two master-slave 
robot systems, we have confirmed the effectiveness of “virtual incision” because the operabil-
ity of SILS was improved by increasing the number of ports virtually. In this chapter, we have 
focused on SILS; however, our surgical approach could also be useful to multi-port surgery. 
We believe that the concept of “virtual incision” is a promising surgical approach that pre-
serves QOL for both patients and surgeons.
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Abstract

The field of General Surgery with its multiple sub‐specialties has experienced the pro‐
gression of minimally invasive procedures performed with the robotic technology 
since the last decade. The robotic applications are extensive and have contributed to 
the enrichment of the surgical sub‐specialties based on advantages such as increased 
surgeon control and autonomy, superior instrument dexterity and tissue handling, 
improved three‐dimensional visualization, wristed articulation, all of this despite the 
lack of haptic feedback. The sub‐specialties of Colorectal, Hepatobiliary and Pancreatic, 
Gastric Oncologic, Bariatric, Foregut, Pediatric, Endocrine, and Hernia Surgery, in addi‐
tion to General Surgery as the principal specialty, have produced several high‐quality 
randomized controlled trials, meta‐analyses, prospective and retrospective series which 
have established, in many instances, superior results to those of laparoscopy, and at 
least non‐inferior outcomes over the years. From the first pioneer single‐surgeon experi‐
ences around the world to the most recent large trials, including the first Robotic General 
Surgery case series in an American community hospital not classified as a tertiary referral 
center, patients continue to benefit from this technology as surgeons engage in overcom‐
ing their learning curve and training their teams, involving their hospital administrators 
and working with the industry to perfect their techniques for the sake of their patients.

Keywords: surgery, general, robotic, colorectal, hepatobiliary, pancreatic, gastric, 
oncology, bariatric, foregut, hernia, pediatric, endocrine, learning, curve, technology

1. Origins of a revolution

For general surgeons, it should be easy to define their specialty. For the public, however, the 
term “General Surgery” may carry the erroneous implication of a lack of specialization, a defi‐
ciency in expertise, or even a certain weakness of purpose. To define what General Surgery 
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is and stands for, it should be established that it is the mother of all surgical subspecialties, a 
means to save lives from traumatic experiences, to cure cancer, to offer palliation and improve 
quality of life, to remove organs that suffer from overwhelming infections, and to reconstruct 
the body’s tissues and organ systems. To restore anatomy and physiology, while life acquires 
a higher quality, that is the ultimate purpose of General Surgery.

In order to discuss the robotic revolution in General Surgery, it is necessary to establish that 
this was the last surgical specialty that adopted the robotic technology, first with hesitation. 
However, to this day, the progress of the robotic technology applications in this field is pal‐
pable and replicated by numerous surgeons in the academic and the private practice environ‐
ment around the world.

The concept of robotics applied to perform an operation has been explored extensively since 
the end of the twentieth century and the beginning of the twenty‐first century, including the 
development of robotic platforms such as the AESOP/Hermes, the Zeus, and the da Vinci 
systems [1, 2]. This effort on behalf of multiple companies and research centers, including 
NASA, led to the development of the telerobotic technology necessary for different specialties 
to adopt it in order to carry out surgery in a minimally invasive fashion while overcoming 
some of the obstacles that laparoscopic surgery introduced at the end of the 1980s [3].

However, in spite of the major achievements that robotics in General Surgery has witnessed 
thanks to its ability to enable minimally invasive surgeons to overcome some of their limita‐
tions, even up to a few years ago and to this date there is opposition to the use of robotic 
surgery. A typical reason that is often quoted is the apparent usefulness of the robot only for 
certain subspecialties such as colorectal surgery given the limited working space in the pelvis 
and the challenge posed by traditional laparoscopic instrumentation. This is in addition to the 
financial burden that the application of robotic surgery carries with it when the conscientious 
use of only the necessary instruments is not a priority [4].

Despite the reluctance to the widespread adoption of robotics in General Surgery, many sur‐
geons around the world have already been responsible for the advancement of surgery in 
their fields in all of the disciplines or subspecialties that will be presented in this chapter, such 
as colorectal, hepatobiliary and pancreatic, gastric oncology, bariatric and antireflux, pediat‐
ric, endocrine, and hernia/abdominal wall reconstruction surgery. The purpose of this chapter 
is to describe these achievements in an objective way, so that the idea that the surgical robot 
should only be used for colorectal surgery or complex foregut surgery may be challenged 
and, furthermore, so that this author’s passion for robotic surgery may be shared with the 
international surgical and scientific community for the sake of the patients’ well‐being.

2. Where engineering meets medicine

Robotic General Surgery has advanced at an accelerated pace since the late 2000s, although 
early studies as far back as 2004 expressed concerns that the field was in its infancy an lacked 
the necessary data to substantiate its widespread use and its safe application. Nevertheless, 
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even at that early point in the history of robotics in the largest surgical specialty, the multiple 
advantages of robotic surgery were recognized and described as the ability to have wristed 
instrumentation with more degrees of motion than the human hand is capable of acquir‐
ing, superior visualization with three‐dimensional capability and with surgeon control of the 
camera, the presence of more than two arms to execute tasks, which facilitate the creation of 
anastomoses with superior dexterity, along with more advanced ergonomics than what can 
be provided with conventional laparoscopic instruments. On the other hand, the disadvan‐
tages were not technical except for the lack of haptic (tactile) feedback for the surgeon. The 
other disadvantages had to do with systems and processes not related to the technical aspects 
of an operation, such as the cost of instrumentation, the cost associated with purchasing the 
technology, the intensive nature of training for the surgeon and the team, and the apparent 
unproven benefit in all branches of General Surgery, at least as it was seen at that time [5].

Based on expert surgeons’ personal experience, however, the most important advantage offered 
by the surgical platform is the ability to offer them total control of the procedure without the 
need to depend on someone else to operate the endoscope, or retract, or assist in a manner that 
would be crucial with conventional laparoscopy. While complex robotic surgery still requires 
a first assistant, the assistant’s role has evolved because the surgeon has total control of three 
arms at the same time along with the camera, all of which enables the operator to achieve the 
goals in a manner that is closer to open surgery, at least closer than ever before.

From an engineering perspective, it is essential for surgeons to understand the concept of 
telerobotics and the categorization of robotics in General Surgery as a short‐distance system 
consisting of a “master” component operated by the surgeon, and a “slave” executor which 
carries out the tasks performed by the “master” platform in real time. By definition, this is 
not an autonomous or semiautonomous technology, which is an important point to clarify, 
since it means that the surgical robot does not have the capacity to operate itself for a reason: 
it maintains the surgeon’s total control of the procedure enabled by a computer interface that 
facilitates the execution of the operation. This is the definition of a “tele‐operator” system (see 
Figures 1 and 2).

As mentioned earlier, the da Vinci system (by Intuitive Surgical, Inc., Sunnyvale, CA, USA) 
was developed while building upon the lessons learned from its predecessors such as the 
AESOP and the Zeus platforms. It consists of an ergonomic console unit (“master interface”) 
that includes a display system, the surgeon’s user interface and the controller, and a second 
unit that includes the endo‐wristed instruments and the endoscopic camera that execute the 
tasks as the “slave manipulator.” Its application in all fields of General Surgery has been 
documented extensively, although, initially, it was created to satisfy the minimally invasive 
needs of cardiothoracic surgeons and urologists, and later on, gynecologists [6].

Even in 2008, at the time when widespread adoption of the robotic interface was beginning to 
take place among general surgeons, the disadvantage of lack of haptic feedback was studied, 
with results being consistent with the absence of consensus among the surgical community 
regarding its essential value to perform an operation. In fact, although the ability to have 
haptic feedback has been generally considered a useful feature of laparoscopic surgery, its 
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Figure 2. da Vinci system (“slave manipulator”) with robotic arms already docked and executing the tasks with the 
surgeon in control, with the surgical team at the bedside.

Figure 1. Surgeon operating at the ergonomic console unit (“master interface”). The user interface allows for “endowrist” 
articulation of instruments, with seven degrees of freedom for motion.
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absence in robotic surgery can be overcome by the superior visibility offered by the surgeon‐
controlled three‐dimensional endoscope and visual cues when tissue tension is carefully 
observed [7].

From a technical perspective, the robotic technology enables the surgeon to overcome the 
challenges that traditional laparoscopic surgery offers, as it has been described. However, an 
important aspect of this ability to improve the surgeon’s skill level can be seen when it is used 
for practice purposes, both by expert surgeons and by inexperienced surgeons who are trying 
to develop their skill set to offer the multiple benefits of minimally invasive surgery to their 
patients. Reductions in errors have been noticed when such practice tasks are undertaken for 
the purpose of quality and self‐improvement [8].

What is impressive, considering the early period when another study was presented at an 
important surgical society meeting, a successful robotic surgery training program can be 
implemented, with reproducible and reliable results, as long as the will and determination 
exist to apply the benefits of robotic surgery and transform them into palpable outcomes with 
the highest ethical and quality standards in an academic institution [9].

3. Colorectal surgery: the subspecialty that paved the way

The cost of robotic surgery has always been an element of strong criticism used against 
its adoption in multiple surgical subspecialties, including the pioneer, colorectal surgery. 
However, even in those well‐conducted studies, the benefits of robotic surgery have been 
noted without a doubt, such as better outcomes in left colectomies, particularly when 
approaching the rectum when compared to even the most sophisticated 3‐D laparoscopic 
systems [10]. As early as 2013, several manuscripts in the field of robotic colorectal resec‐
tions were analyzed and the conclusions suggested that robotic surgery would continue to 
advance and overcome its own weaknesses, with improved outcomes comparable to those of 
conventional laparoscopy [11].

A more recent review of the colorectal literature, although not in favor of robotic surgery, 
acknowledges the established advantages over laparoscopic colorectal resections that have 
been reported by multiple series including decreased blood loss, decreased length of hos‐
pitalization, faster return of bowel function and, what is more interesting, a lower rate of 
conversion to open surgery [12]. Similar conclusions have been drawn from an extensive 
meta‐analysis in 2015 comparing robotic versus laparoscopic colorectal resections, which also 
pointed out a lower incidence of peri‐operative complications and surgical site infections [13].

However, perhaps more significant progress could be achieved once the robotic surgery is 
not compared to laparoscopic surgery. Conclusions from another manuscript in a prestigious 
journal have suggested that although it is feasible and safe to perform robotic surgery for sig‐
moid colon resections for cancer, it offers no real advantage over laparoscopic surgery in terms 
of oncologic outcomes [14]. Even another publication reported on the feasibility and safety of 
robotic transverse colon resection for cancer, too [15]. This is an important  shifting paradigm 
from the tradition of comparing once technology against the other, which is  sometimes a 
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reason for many surgeons to hesitate when it comes to deciding to adopt robotics as part of 
their practice.

More published results from well‐done meta‐analyses support the superiority of robotic sur‐
gery in colorectal resections for oncologic purposes, with the same conclusions already men‐
tioned in terms of blood loss, safety, the length of stay, the return of bowel function, lower 
estimated blood loss, and conversion rates [16, 17]. On the other hand, the efficiency of the 
robotic platform can be seen when an oncologic resection is performed, as the number of 
lymph nodes is comparable to that obtained with laparoscopy by the most experienced sur‐
geons [18] Returning to the issue of cost, robotic segmental colon resections have been associ‐
ated with increased operative time, perhaps due to the surgeons’ learning curve, in addition 
to overuse of non‐essential instrumentation [19].

More specifically on the subject of rectal cancer, robotic surgery has been found highly effica‐
cious and comparable to open surgery, with similar oncologic outcomes, lymph node yields, 
free margins, disease‐free survival, and rate of complications. The length of the operation is 
greater, but this is something where improvement can be seen with increased volumes [20].

Regarding rectal cancer and the need for total mesorectal excision, which has been a topic of 
continuous discussion in the literature over the years, the robotic platform has been found to 
offer superior results for mid and low rectal cancer resections, where the quality of the TME 
specimen has been documented to be more advanced than its laparoscopic counterpart (see 
Figure 3). Moreover, conversion rates to the open approach have been determined to be lower 
thanks to the robotic platform advantages explained in detail before [21, 22].

Another aspect of robotic rectal resections for cancer is the facilitation of an oncologic resection 
with the FireflyTM technology, which has proven very helpful during low ligation of the inferior 
mesenteric artery pedicle. The ability to perform a precise lymphadenectomy around the IMA 
is invaluable, all of which is made possible with the robot’s multiple benefits when it comes to 
retroperitoneal and pelvic dissection [23]. The most challenging lymphadenectomy, however, 
at least in the colorectal surgery arena, corresponds to the total mesorectal excision technique. 
It is under difficult circumstances of a narrow male pelvis, or a female pelvis that has been 
previously subjected to radiation therapy, where the fibrosis and desmoplastic reaction from 
a neoplastic process require the surgeon’s maximum level of proficiency for the sake of a safe, 
efficient oncologic resection. The robotic technology enables the surgeon to achieve excellent 
results where laparoscopic surgery has failed to deliver in the past [24, 25]. Interestingly, it 
has been determined that the learning curve for robotic low anterior resection (including total 
mesorectal excision) is similar and not longer than the learning curve for the laparoscopic tech‐
nique, which argues against the idea that it would be more difficult to learn to perform such a 
demanding and challenging procedure with the robot as opposed to doing it laparoscopically. 
This is not to say that robotic LAR and TME are not highly technical procedures that require a 
remarkable level of skill to be carried out well, but they can be learned [26–28].

On a separate subject, robotic surgery in the colorectal field has also been extremely useful 
when it comes to benign disease, which is sometimes more complex than procedures done 
for neoplastic processes. The perfect example is diverticular pathology with colovesical fistula 
resection and repair. A study has compared the laparoscopic to the robotic technique. The 
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remarkable observation of this series was the fact that the robotic group did not experience 
any conversions to open surgeries, or any ureteral injuries. The same was not true of the lapa‐
roscopic arm [29]. Along the lines of benign disease, rectal prolapse, and robotic rectopexy 
have been studied and compared to the laparoscopic approach, with the conclusion that both 
methods to deal with it are effective, although more data are needed to establish any supe‐
riority of the robotic technique, such as a randomized controlled trial. Be that as it may, the 
important aspect of this study is the fact that the surgical robot can be very effective when it 
comes to benign colorectal disease and its use can be safely expanded to treat conditions that 
would normally be dealt with open surgery [30, 31].

4. Hepatobiliary and pancreatic surgery: nothing is impossible

Without a doubt, the field of hepatobiliary and pancreatic surgery is highly regarded as one 
of the most complex and technically demanding subspecialties within General Surgery. In 
fact, a pancreaticoduodenectomy is considered by most surgeons as the most difficult opera‐
tion in the world, second perhaps to a liver transplant. What seemed impossible years ago 
has become a reality with arduous determination and the process of trial and error, where 
numerous experts have advanced this field to the realm of the minimally invasive and have 

Figure 3. Robotic ultra low anterior resection and total mesorectal excision specimen for rectal adenocarcinoma.
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turned operations that would typically be unthinkable or impractical with laparoscopy into 
reproducible robotic procedures whose results will be analyzed here.

In 2013, the largest retrospective series of robotic pancreatic resections was published, which 
comprised 250 operations ranging from pancreaticoduodenectomies, to central, distal, and 
total pancreatectomies. This impressive series demonstrated the feasibility of oncologic 
and benign disease resections with a low conversion rate [32]. A more modest series of 12 
patients reported the same year drew similar conclusions while emphasizing the importance 
of clinical judgment at all times, which serves as a reminder that the robotic technology is 
just a tool at the service of the surgeon, who is ultimately responsible for the outcome of any 
operation [33].

A comprehensive literature review the next year also reached these conclusions and warned 
the surgical community that the series that were examined had their origin in academic cen‐
ters where the experts in their field performed these procedures, all within hospital systems 
that had the human and technical capability to deal with the complications that are known to 
be inherent to pancreatic surgery [34]. When different series are reviewed, the most impor‐
tant advantage from the robotic technology that is strongly applied to pancreatic resections 
is the resemblance of open surgery that it offers to the surgeon [35]. When discussing its 
benefits during the performance of a Whipple procedure, on the other hand, the additional 
advantage of surgeon comfort provided by sitting at the console to control the master inter‐
face takes precedence. Just as it has been proven in the colorectal literature, the robotic pan‐
creaticoduodenectomy offers the advantages of a decreased length of stay and fewer wound 
infections or surgical site occurrences, while the oncologic outcomes are comparable to open 
surgery [36, 37].

Robotic distal pancreatectomy has been studied, too, with excellent results particularly when 
it comes to splenic preservation due to the dexterity offered by wristed instrumentation and 
multi‐arm control [38]. On the other hand, robotic distal pancreatectomy is equally effective 
when a splenectomy is performed at the same time [39]. When a comparison is made between 
the robotic and the laparoscopic approaches, robotic distal pancreatectomy has been shown 
to have a lower estimated blood loss, a higher spleen preservation rate, and a shorter hospital 
stay in spite of a longer operative time [40].

Equally demanding and intensive is minimally invasive hepatic surgery. In fact, although 
experts have shown that the laparoscopic technique is feasible and reproducible in their 
hands, the robotic platform has allowed them to have greater control of vascular and bili‐
ary structures due to its multiple advantages over laparoscopy which have been extensively 
reviewed. Comparisons between the two methods have been made in the early 2000s with the 
same conclusions drawn years later [41]. Although wedge resections and segmentectomies 
have been reported, the most impressive results have been seen with major hepatectomies 
when their outcomes and metrics have been analyzed in the literature [42, 43]. A subsequent 
meta‐analysis in 2015 comparing robotic and laparoscopic liver resections reported greater 
blood loss and longer operative time for the robotic approach. However, most likely the blood 
loss observation had to do with the technique being used at that time. Nevertheless, both tech‐
niques were found to be equally efficient in terms of oncologic outcomes, the length of stay, 
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and complication rates [44]. In the same fashion, another review of the literature the same 
year concluded that robotic hepatic surgery is as effective as laparoscopic and open surgery 
[45]. A review of the literature specifically dealing with the topic of hepatocellular carcinoma 
reported a similar statement [46].

No matter how many liver resection series were examined, however, although it may seem 
disappointing to note that robotic hepatic surgery was not found to be superior to its laparo‐
scopic counterpart, what is essential to realize is that the field is evolving and all of the data 
support the fact that it is safe, comparable to laparoscopy, and with the same oncologic out‐
comes in spite of the difficulty level associated with this type of operation.

5. Gastric surgical oncology: refinement takes shape

Another complex type of operation requiring a high skill level is gastric surgery, especially 
when a neoplastic process is at the core of the situation and the requirement for an exten‐
sive lymphadenectomy is essential. Where robotic liver surgery has failed to show superior‐
ity on multiple fronts when compared to laparoscopy, gastric surgery has compensated and 
exceeded the expectations, as seen on an impressive series of 200 consecutive gastric resec‐
tions published in 2013, including decreased operative time, superior lymph node yield, and 
decreased length of stay [47]. The Asian literature has extensively published case series such 
as this with impressive results.

The robotic platform allows the surgeon to overcome some of the limitations presented by 
laparoscopy, above all when performing a D2 lymphadenectomy, where its multiple advan‐
tages become more obvious [48]. The usefulness of the surgical robot has been noticed 
regarding the performance of robotic‐sewn anastomoses and challenging dissections near 
the gastroesophageal junction and the pyloric region, proving helpful during total gastrec‐
tomies, for instance [49]. Overall, the robotic technology has established its relevance in the 
field of gastric surgical oncology for many reasons and will continue to do so in the near 
future [50, 51].

A meta‐analysis from 2013 has actually established that robotic gastric surgery is superior 
to its laparoscopic counterpart in terms of estimated blood loss and hospital stay, with the 
only difference being a longer operative time. However, the benefits have been shown and 
are more definitive than those seen on liver resection [52]. Another meta‐analysis has also 
supported the validity and superiority of robotic gastrectomy for cancer when compared to 
open surgery [53]. This subject is so important in the surgical oncology community that a 
worldwide database was created to track the results from gastric resections corresponding to 
the robotic, laparoscopic, and open modalities [54].

Another aspect that is interesting to note is the fact that robotic gastric resections may facil‐
itate future laparoscopic resections and decrease the operative time for both approaches 
once the surgeon’s learning curve is mastered. This is in addition to the finding of lower 
estimated blood loss on the robotic group [55]. In fact, as the learning curve for robotic 
gastric  resections is surpassed, the D2 lymphadenectomy yield improves and is superior 
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to the laparoscopic outcome [56]. These observations made by the experts in this field are a 
testament to the fact that the robotic technology enables the surgeon to refine the technique 
to the point that, regardless of the level of difficulty required for this type of procedure, 
it is possible to continue to improve as the case volume increases. The same conclusion 
has been drawn from series that include both subtotal and total gastrectomies performed 
robotically [57].

This refinement of surgical technique is evident when a robotic‐sewn anastomosis is created, 
as mentioned before, which has been found to be reproducible and very convenient in total 
and subtotal gastrectomies with a Roux en Y, Billroth I, or Billroth II reconstruction, depend‐
ing on the case [58, 59].

6. Bariatric and antireflux surgery: the youngest field is evolving

In order to discuss the remarkable progress that has been made in the subspecialty of meta‐
bolic and bariatric surgery thanks to the robotic technology, it is important to first recognize 
the surgical robot’s applications in antireflux procedures, especially those in which para‐
esophageal hernia repair is necessary. Such a case is seen with giant paraesophageal hernias, 
where the complexity of the repair requires a high level of dexterity due to the size of the 
diaphragmatic defect and the limited space available at the gastroesophageal junction, with 
vital structures such as the aorta, the inferior vena cava, and the esophagus can be injured, 
in addition to the spleen and the liver, due to the requirements posed by the tension on the 
hernia edges. The robotic platform shines in instances such as this, with results that are 
similar to the laparoscopic rate of complications in expert hands, but with lower hernia 
recurrence rates [60].

The same observation is true when a redo antireflux operation and hiatal hernia repair are 
performed robotically. The results are excellent and consistent with the superiority granted 
by improved dexterity in a field where the normal anatomy has been violated, and where the 
dissection must resemble what once was expected, structurally speaking [61].

With respect to metabolic and bariatric surgery, robotic surgeons have advanced this continu‐
ously evolving field at high speed due to their spirit of innovation and the high level of dif‐
ficulty caused by their patients’ body habitus, which requires them to develop techniques for 
dissection, exposure, and port placement that would normally not be necessary on patients 
with a lower body mass index.

A very helpful systematic review has already demonstrated that robotic bariatric surgery is 
not exclusively favored in redo cases, but is actually being utilized in non‐revision operations 
where a robotic‐sewn intracorporeal gastrojejunostomy or jejunojejunostomy anastomosis is 
constructed during a Roux en Y gastric bypass, or where a challenging gastric resection is 
necessary during a sleeve gastrectomy. In fact, even if the surgeons choose to staple the anas‐
tomoses during Roux en Y gastric bypass, the robotic technology enables them to perform the 
enterotomy or gastrotomy closure more efficiently [62].

Surgical Robotics48



to the laparoscopic outcome [56]. These observations made by the experts in this field are a 
testament to the fact that the robotic technology enables the surgeon to refine the technique 
to the point that, regardless of the level of difficulty required for this type of procedure, 
it is possible to continue to improve as the case volume increases. The same conclusion 
has been drawn from series that include both subtotal and total gastrectomies performed 
robotically [57].

This refinement of surgical technique is evident when a robotic‐sewn anastomosis is created, 
as mentioned before, which has been found to be reproducible and very convenient in total 
and subtotal gastrectomies with a Roux en Y, Billroth I, or Billroth II reconstruction, depend‐
ing on the case [58, 59].

6. Bariatric and antireflux surgery: the youngest field is evolving

In order to discuss the remarkable progress that has been made in the subspecialty of meta‐
bolic and bariatric surgery thanks to the robotic technology, it is important to first recognize 
the surgical robot’s applications in antireflux procedures, especially those in which para‐
esophageal hernia repair is necessary. Such a case is seen with giant paraesophageal hernias, 
where the complexity of the repair requires a high level of dexterity due to the size of the 
diaphragmatic defect and the limited space available at the gastroesophageal junction, with 
vital structures such as the aorta, the inferior vena cava, and the esophagus can be injured, 
in addition to the spleen and the liver, due to the requirements posed by the tension on the 
hernia edges. The robotic platform shines in instances such as this, with results that are 
similar to the laparoscopic rate of complications in expert hands, but with lower hernia 
recurrence rates [60].

The same observation is true when a redo antireflux operation and hiatal hernia repair are 
performed robotically. The results are excellent and consistent with the superiority granted 
by improved dexterity in a field where the normal anatomy has been violated, and where the 
dissection must resemble what once was expected, structurally speaking [61].

With respect to metabolic and bariatric surgery, robotic surgeons have advanced this continu‐
ously evolving field at high speed due to their spirit of innovation and the high level of dif‐
ficulty caused by their patients’ body habitus, which requires them to develop techniques for 
dissection, exposure, and port placement that would normally not be necessary on patients 
with a lower body mass index.

A very helpful systematic review has already demonstrated that robotic bariatric surgery is 
not exclusively favored in redo cases, but is actually being utilized in non‐revision operations 
where a robotic‐sewn intracorporeal gastrojejunostomy or jejunojejunostomy anastomosis is 
constructed during a Roux en Y gastric bypass, or where a challenging gastric resection is 
necessary during a sleeve gastrectomy. In fact, even if the surgeons choose to staple the anas‐
tomoses during Roux en Y gastric bypass, the robotic technology enables them to perform the 
enterotomy or gastrotomy closure more efficiently [62].

Surgical Robotics48

Of course, the relevance of the robotic approach has been exposed in the unusually complex 
arena of bariatric surgery revisions, where the experts have been able to achieve results with 
more advanced dexterity and with a more ergonomically feasible method, with excellent vis‐
ibility and with the advantage offered by the ability to control three arms and the endoscope 
simultaneously [63, 64].

It is important to note that robotic bariatric surgery has also been found to be relevant in the 
super obese patients who undergo a sleeve gastrectomy. In these complex cases, with BMI > 50, 
the robotic technology has proven very useful for the multiple reasons that have been exposed 
above for bariatric revision operations. This is interesting to realize, since typically most non‐
bariatric surgeons associate the surgical robot with the Roux en Y gastric bypass and revision 
surgery. In fact, the robotic approach may increase the surgeon’s skill level to then undertake 
a difficult gastric bypass or a revision procedure while building on the experience offered by 
robotic sleeve gastrectomy [65].

As expected, when the most technically demanding bariatric operations are performed, the 
robotic approach takes precedence, as demonstrated by the creation of intracorporeal anas‐
tomoses during revision cases where a conversion from a failed sleeve gastrectomy to a 
duodenoileal bypass is carried out, both in a classic duodenal switch, as well as in a single‐
anastomosis duodenal switch (SADI), to give an example [66].

7. Pediatric surgery: applications in spite of size

It is remarkable to realize that the robotic platform has been successfully applied to the pedi‐
atric population, where the limitations imposed by size have been partially overcome by the 
robotic system’s well‐established advantages over conventional laparoscopy.

While the purpose of this chapter is not to discuss robotic surgery applications in the pediatric 
population in depth, the goal of this section is to document some of the work that has been 
done in the subspecialty of Pediatric Surgery with the robotic technology, especially with the 
da Vinci system.

An important pediatric surgery review that was presented at an international conference in 
2007, and published in 2008, showed how the most common robotic surgery applications 
include but are not limited to pyeloplasty, fundoplication, and patent ductus arteriosus liga‐
tion. The authors concluded that although the operative time was longer when compared to 
laparoscopy, they preferred the robotic platform for the same reasons that their non‐pediatric 
surgeon colleagues have described over years. On the other hand, they expressed their con‐
cern regarding the need to make this equipment suitable for neonates and to decrease the cost 
associated with these operations when the technology is used [67].

A more specialized use of the robotic system in pediatric surgery has been described with excellent 
results comparable to the open approach for choledochal cyst excision and biliary reconstruction 
[68]. This is just an example of what can be achieved by members of the surgical community who 
continue to innovate in their fields when they remain open to progress in a responsible manner.
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8. Endocrine surgery: robotics in unusual places

Even the subspecialty of Endocrine Surgery has witnessed the advancement of robotics, both 
in the retroperitoneum with adrenalectomy and in the neck with thyroidectomy. This is a 
controversial area, especially regarding endocrine surgery of the neck with the surgical robot, 
yet some experts continue to perform their operations safely. A major criticism for the use of 
the robot in the neck is the fact that it requires such a high level of skill that it should only be 
reserved to the experts.

However, with respect to adrenalectomy, the robotic system can be used via the posterior 
retroperitoneal approach and the lateral transperitoneal approach. The latter is favored for 
larger tumors. In fact, some authors favor the lateral transperitoneal approach for most 
tumors regardless of their size and prefer to apply it to pregnant women and children [69].

When compared to laparoscopy, robotic adrenalectomy has been determined to be as effective 
and to have the same rate of complications, but its major disadvantage is the cost associated 
with the procedure when the robotic platform is used. Nevertheless, it is a safe technique and 
the conversion rate to open surgery is very low [70]. In fact, a more recent literature review 
has shown that robotic adrenalectomy, when performed at high‐volume centers, has superior 
results to the laparoscopic approach, with lower estimated blood loss, shorter hospital stay, 
and improvement in intra‐operative time with a higher case volume [71]. This is an improve‐
ment over a prior meta‐analysis published 2 years earlier which had concluded that there is 
no advantage of robotic adrenalectomy over laparoscopic adrenalectomy [72].

On the topic of thyroidectomy, the robotic technique has been found to be very advantageous 
to the surgeons due to superior ergonomics when compared to the endoscopic approach, in 
addition to the fact that the learning curve is easier to master with the surgical robot [73]. 
Another concept was introduced by a group that reported on their initial experience with 
robotic thyroidectomy in 2011, which was the fact that the robotic technique eliminates the 
need to have an assistant in spite of an increased procedure time [74].

A recent literature review dedicated to the study of prior series of robotic thyroidectomy 
for cancer and their comparison to the open approach concluded that the open technique is 
superior in terms of oncologic outcomes, decreased operative times, and lower cost. However, 
the robotic approach was comparable to open thyroidectomy for cancer regarding morbidity, 
short‐term recurrence rates, and quality of life outcomes. The authors warn that the technique 
for this indication should be reserved to the experts at high‐volume centers [75]. A few years 
earlier, a large case series of robotic thyroidectomy for cancer had precisely shown that the 
robotic approach has decreased operative times and improved lymph node yields compared 
to the endoscopic technique. Moreover, the robotic learning curve was shorter [76]. A large 
case series of 100 patients with papillary thyroid microcarcinoma was published and reported 
on the robotic total thyroidectomy with central node dissection while compared to the open 
approach. The results were comparable to the open group, with no conversions, and with 
similar lymph node retrieval [77]. This is just an example of how far some experts have con‐
tributed to the advancement of this subspecialty with a minimally invasive technique that has 
surpassed its endoscopic counterpart.
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9. Cholecystectomy: from the traditional to single‐site

Robotic cholecystectomy is often one of the first procedures that surgeons learn to perform 
with the robot in order to overcome their learning curve and build a basic skill set that 
will allow them to embark on challenging operations in the future [78]. However, it is also 
true that some cholecystectomies may become complex operations that may lead to com‐
plications when meticulous technique and sound surgical judgment are not applied. The 
initial years of robotics in General Surgery were times when some groups advocated for 
performing this procedure only for training purposes since there appeared to be no value 
over the well‐established laparoscopic technique, which had been the gold standard for a 
long time.

A year later, another group presented their data on robotic cholecystectomy by using a differ‐
ent port arrangement in the lower abdominal wall, separate from the traditional approach in 
laparoscopic cholecystectomy. The results were satisfactory, with safety and efficiency being 
at the core of their manuscript [79]. Subsequent case series by different centers published the 
data corresponding to the first robotic single‐site cholecystectomies performed at their institu‐
tion. The common conclusion was, as expected, that this technique was safe and feasible, and 
that the learning curve is relatively easy to overcome. On the other hand, surgical resident 
training did not affect the results in a negative way [80, 81].

The technique consists of using a single‐site port with four channels created by intuitive 
Surgical to overcome the limitation that arises from laparoendoscopic single‐site (LESS) sur‐
gery when the arm movement is the opposite of what the surgeon expects due to the need to 
pivot the instruments around a central axis. With the robotic single‐site technology, however, 
although there is no wristed articulation of the instruments, the limitation is overcome when 
the surgeon sits at the console and the arm movement is inverted so that the instrument move‐
ment matches the hand movement at the console. This can be very convenient and, indeed, 
can be applied to perform single‐site cholecystectomy in patients with a high BMI most of the 
time (see Figures 4–7).

Figure 4. da Vinci single‐site port inserted through an infraumbilical 2.5 cm incision.
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Figure 5. da Vinci single‐site instruments in action during a robotic cholecystectomy.

Figure 6. Specimen extracted via the only incision.
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10. Hernia repair: from closing defects to suturing mesh

The field of hernia repair and abdominal wall reconstruction has seen an increasing amount 
of studies and case series recently published which present new techniques that continue to 
advance the subspecialty of minimally invasive abdominal wall reconstruction. The results 
are outstanding and the surgeons witness them to the point that patient satisfaction correlates 
with less chronic pain and decreased hospital stay. Although laparoscopic hernia repair has 
been established as an appropriate technique in most cases, its Achilles heel has always been 
the presence of chronic pain, most likely due to transfascial sutures and to the utilization of 
tacks for intraperitoneal mesh fixation, whether they are permanent or absorbable.

On the subject of intraperitoneal mesh fixation, a study published in 2012 presented excellent 
results when the primary ventral hernia defect was closed with intracorporeal sutures placed 
with the robotic system, and when the mesh was fixed as an underlay with circumferential 
sutures, without the use of tacks [82]. Just to compare, as early as 2003 another manuscript had 
already presented a robotic hernia repair, but the idea at that time was to still secure the mesh 

Figure 7. Final cosmetic result. Based on the patient’s abdominal wall thickness and BMI, sometimes a vertical skin 
incision is necessary, although a transverse skin incision is made in most cases. A vertical fascial incision is always 
favored.
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with tacks and to not close the primary defect with sutures [83]. As it can be seen, therefore, the 
field of hernia repair has come a long way by establishing the new concept of primary defect clo‐
sure for the sake of a more mechanically and physiologically normal abdominal wall, and avoid‐
ance of transfascial sutures and tacks to prevent chronic pain. Furthermore, all of the series have 
determined that the robotic platform offers the opportunity to perform enterolysis more effi‐
ciently through the multiple benefits that have been described before [84–86] (see Figures 8–10).

Regarding the specific situation of inguinal hernia repair, which has been extensively per‐
formed with the laparoscopic total extraperitoneal (TEP) and the transabdominal preperito‐
neal (TAPP) approaches, the robotic technique offers remarkable advantages in the confined 
space where it takes place, including the dexterity offered by the wristed instruments and the 
ability to perform a finer dissection and suture the peritoneal flap in the case of a TAPP. The 
Urology literature recognizes the relevance of the surgical robot when a TEP is performed at 
the time of robotic prostatectomy as a combined operation [87]. In the General Surgery litera‐
ture, where the robotic TAPP approach is favored, the absence of neuralgia after the operation 
is likely a reflection of all of the advantages offered by the robotic platform in addition to the 
avoidance of tacks to fix the mesh and close the peritoneal flap, which is similar to the obser‐
vation made in the ventral hernia series when tacks are avoided as well as transfascial sutures 
[88]. In addition, the robotic technology has been used to develop new minimally invasive 
ways to reconstruct the abdominal wall, such as the robotic transversus abdominis release as 
a posterior component separation with the preperitoneal placement of mesh, but the descrip‐
tion of all of these techniques is beyond the scope of this chapter. In reality, such monumental 
task deserves a separate chapter in a future publication.

Figure 8. Robotic enterolysis in anticipation of primary closure of an incisional ventral hernia defect, and prior to 
intraperitoneal mesh implantation with circumferential intracorporeal sutures.
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11. General surgery: robotics applied to all cases

While it is true that much of the progress made in robotic surgery has originated from mul‐
tiple case series in the surgical subspecialties, as it has been extensively documented in this 
chapter, a significant degree of advancement has come from true General Surgery programs 
that have continued to perfect the technique and its applications in a vast range of procedures 
with success [89]. The perfect example came from an extensive case series of robotic General 
Surgery cases in a large European community hospital. What is significant about this publica‐
tion is the fact that it was 2003 and, above all, the relevant observation that the 207 procedures 

Figure 10. Circumferential intracorporeal suturing of mesh for fixation while avoiding the use of tacks or transfascial 
sutures.

Figure 9. Intracorporeal robotic suturing for closure of incisional ventral hernia defect.
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were performed with the surgical technology in the community hospital environment or, in 
other words, not in an academic institution associated with a university. Of course, being a 
large hospital, it was a referral center for other hospitals in the region, but it was a community 
institution after all [90]. Another European case series of 94 patients was published in 2007 
with similar results and conclusions [91].

These studies served as an inspiration for other surgeons who wished to incorporate the 
robotic surgical approach to their armamentarium and to offer the benefits of robotic surgery 
to their patients in the General Surgery environment, with most of the series favoring gas‐
trointestinal surgery [92, 93]. Perhaps one of the first publications to lay the foundation for 
the need to include hospital administrators, medical school and residency program authori‐
ties, and the surgical team leadership in the process of creating a successful Robotic General 
Surgery robotic program was an American manuscript from 2010 [94]. This manuscript 
opened the gate to a new level of discussion that needed to begin in order to establish the 
guidelines for a successful, productive, safe, and efficient robotic program to thrive.

12. The last argument: innovation cannot be stopped

In 2016, a comprehensive review of all surgical specialties (such as Urology, Gynecology, and 
Thoracic Surgery) and General Surgery subspecialties (presented in this chapter) included 
cases performed from 2000 to 2013. Adverse events were analyzed, and the conclusion was 
that they were less frequent in those specialties where the surgical robot is used more often. 
Most of the events were due to equipment malfunction, however, and not to surgeon tech‐
nique [95]. Nonetheless, once again, surgical judgment takes priority and should always be 
the driving force in control of the surgical robot.

As long as the advanced technology is utilized to impact our patients in a positive way, there 
will always be the risk of complications, and no surgeon can deny that, whether the approach 
is open, laparoscopic, or robotic. In fact, in 2013, a European study expanded on the topic of 
guidelines and principles that are necessary to guide a successful robotic surgery program. 
The elements for the ideal organizational model to implement such an efficient program were 
discussed, but what seems to be different from prior publications by other groups is the fact 
that the investigators suggested the expansion of the robotic platform to more subspecialties 
in General Surgery [96]. This is a shifting paradigm from the old idea that the surgical robot 
should only be reserved to perform highly specialized procedures such as colorectal, complex 
foregut, or hepatobiliary, pancreatic, and gastric oncology.

Innovation cannot be stopped. When surgeons keep their patients’ safety in mind as their top 
priority, safe innovation becomes a reflection of progress in their specialty. Human beings have 
always been creative, and their creativity will continue to be applied in their profession regard‐
less of opposition from those who prefer the status quo because it is more comfortable to do so.

The first American case series of robotic General Surgery cases in a community hospital to this 
date, to this author’s knowledge, did not come from a tertiary referral center or fully academic 
institution. It was inspired by prior European series from the early and mid‐2000s that have 
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already been presented in this chapter. The first American case series, however, came from 
a very small acute care community hospital of 266 beds affiliated with a university, but lack‐
ing a residency program and consisting of a single surgeon experience. The total number of 
procedures performed was 101, with case #101 being meaningful to the surgeon and his team 
because of its relevance as the first robotic bariatric operation performed in the city [97].

This publication from 2016 has paved the way for future case series where a higher volume of 
cases is necessary to achieve statistical significance and inspire others to conduct randomized 
controlled trials in the future. In fact, a follow‐up study is already being prepared for the first 
200 robotic General Surgery cases in the same community hospital, this time with statistical 
significance due to the larger size of the series.

While multiple case series have been reported in the United States, none has included a 
large variety of cases across most surgical subspecialties including hernia, colorectal, gall‐
bladder, foregut, and bariatric surgery, particularly in a community hospital environment 
where resources are limited and with the da Vinci S system being used to perform these 
operations from 2014 to 2015. The manuscript’s most important conclusion is twofold: first 
and foremost, a successful robotic General Surgery program can be implemented in a com‐
munity hospital by training the surgical team as the surgeon overcomes the learning curve, 
with improved results seen as the number of cases increases. Secondly, and what may be 
the most important observation, the study suggests that the surgical robot can be safely and 
efficiently used both for complex and simple General Surgery procedures, not just for the 
complex cases.

In conclusion, while hoping to stimulate the international surgical community to appreci‐
ate the value of the surgical robot for General Surgery and its multiple subspecialties, this 
author’s ultimate goal is to remind himself and his colleagues around the world that the 
only way to improve is to continue to learn, both from our own mistakes as well as from the 
substantial body of knowledge that has been compiled over the years. This is the legacy left 
for us by a few pioneers who began to open their minds and think outside the dogma that 
had been established as the infallible truth: that laparoscopy is the least invasive way to per‐
form an operation, and that nothing else can be created that will improve upon its benefits. 
Innovation, at the core of every surgeon’s mind and spirit, will continue to advance in our 
field to benefit our patients. The best decision we can make today is to prepare ourselves to 
join others in this magnificent enterprise without being left behind. After all, our patients 
deserve our best effort to improve and to learn until our last breath.
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Abstract

Bilateral axillo-breast approach (BABA) endoscopic thyroidectomy was introduced at Seoul 
National University Hospital in 2004, and it has been used to treat a variety of benign and 
malignant thyroid diseases. In 2008, we began using the da Vinci robotic system with BABA 
endoscopic thyroidectomy and reported our initial experiences in 2009. Since then, the out-
comes of many clinical studies have been reported. In this chapter, we will introduce the 
BABA robotic thyroidectomy (RoT) procedure and review evidence for the safety of perform-
ing BABA. First, we will introduce the history of BABA RoT, which is based on an endoscopic 
BABA method. Second, we will review the BABA RoT equipment, operating room (OR) set-
up, and the procedures, including surgical indications. Third, technical, oncological, and func-
tional evidence for the safety of performing BABA will be described. Fourth, we will highlight 
the esthetic superiority of BABA RoT compared with conventional thyroidectomy. Finally, the 
BABA robotic modified radical neck dissection procedure will be introduced, with mention 
of our experiences and special concerns. We conclude that BABA RoT is technically, oncologi-
cally, and functionally safe. In addition, its esthetic superiority should be emphasized. Further 
research on the prognosis of patients treated by BABA RoT should follow in the future.

Keywords: bilateral axillo-breast approach, robot, thyroidectomy

1. History and introduction to bilateral axillo-breast approach robotic 
thyroidectomy (BABA RoT)

1.1. Beyond the endoscopic limits

Thyroid carcinoma is the most common endocrine malignancy. Although the treatment of choice 
for patients with thyroid carcinoma is conventional open thyroidectomy (OT), it inevitably 

© 2018 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



leaves scarring in the neck because of the anatomical location of the thyroid. Thyroid carcinoma 
is especially prevalent in young women. The prognosis of thyroid carcinoma is favorable, which 
increases concerns related to quality of life in terms of postoperative neck scars. To avoid cos-
metically unfavorable outcomes, a variety of remote approaches have been used in patients at 
low risk of recurrence. The two most common techniques are the transaxillary approach (TAA) 
and bilateral axillo-breast approach (BABA). BABA consists of two axillary incisions 0.8 cm in 
size and two circumareolar incisions, one left (0.8 cm) and one right (1.2 cm).

BABA endoscopic thyroidectomy is a modification of Axillo Bilateral Breast Approach 
(ABBA) developed by Shimazu et al. [1]. It was introduced at Seoul National University 
Hospital (SNUH) in 2004 and has since been used to treat a variety of benign and malignant 
thyroid diseases. Compared with OT, BABA Endoscopic Thyroidectomy (ET) yields compa-
rable postoperative complication rates and thyroglobulin levels but with excellent cosmetic 
results [2, 3]. Based on these results, in 2008, we combined our unique BABA thyroidectomy 
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 contraindication to BABA RoT. In addition, Kim et al. recently reported that BABA RoT and 
lateral LN dissection were performed simultaneously in a thyroid carcinoma patient with 
preoperative cervical LN metastasis [13]. Therefore, BABA RoT is selectively applicable in 
patients with suspected lateral LN metastasis.

3. Basic equipment and operating room (OR) setup

3.1. Operating theater

A robotic system requires more space than does either open or endoscopic surgery. Therefore, 
most hospitals have a dedicated robot operating room. The room is maintained such that sur-
gery can be performed under aseptic conditions.

3.2. da Vinci Si HD surgical system (Intuitive, Sunnyvale, CA, USA)

3.3. Instruments

1. Endoscope: Φ10 mm, 30° endoscope

2. Thyroid pillow (Emtas, Seoul, Korea) (Figure 1)

3. EndoWrist instruments (Figure 2)

• 1 Maryland bipolar forceps, Φ8 mm

• 1 Prograsp TM forceps, Φ8 mm

• 1 Cautery hook, Φ8 mm

• 1 Harmonic®, Φ8 mm

Figure 1. Thyroid pillow.
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4. Harmonic® (Ethicon Endo-surgery, Cincinnati, OH, USA)

5. Vascular tunneler (Gore-Tex) (Figure 3)

6. Trocars (Figure 4)

Figure 4. Trocars.

Figure 3. Vascular tunneler.

Figure 2. Endowrist instruments.
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7. Endobag, 10 mm (Figure 5)

8. Suction-irrigator (Figure 6)

9. Other instruments (Figure 7)

Figure 5. Endobag.

Figure 6. Suction-irrigator.

Figure 7. Peanut and thimble.
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10. OR Setup (Figure 8)

4. Procedure and techniques

4.1. Thyroidectomy

4.1.1. Preparation

4.1.1.1. Positioning and draping

Under general anesthesia, the patient is placed in the supine position with a Q-pillow under 
the shoulder extending the head and neck and the arm resting alongside the body (Figure 9). 

Figure 8. Schematic depiction and the view from above for the operating room setting on robotic thyroidectomy.

Figure 9. Position and drape.
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Care should be taken not to overstretch the patient’s neck. Alternatively, Kang et al. suggested 
a “verticalizing maneuver (VM)” that lifts up the circumareolar sites as high as possible by 
surrounding the lower part of the lower breast with elastic bands [6]. This method positions 
the trocar axis more perpendicular, which reduces the blind spot in the lower neck during 
central compartment node dissection. The surgical field is prepared according to routine sur-
gical maneuvers, and sterile drainage is performed using a universal drape package to expose 
the anterior neck, bilateral axilla, and lower contour of the breasts. The visual field of the 
patient’s face and endotracheal tube can be maintained by covering the patient’s head and 
face with a transparent plastic sheet (Table 1).

1. Preparation

(1) Positioning and draping

(2) Drawing guidelines

(3) Epinephrine-mixed saline injection

2. Flap making

(1) Skin incision and blunt dissection

(2) Port insertion and sharp dissection using an energy device

(3) Robot docking and complete elevation of the flap

3. Thyroidectomy on the lesion side

(1) Midline division

(2) Isthmectomy and/or removal of the pyramidal lobe and midline LN

(3) Lateral and anteromedial dissection of the thyroid gland

(4) Dissection of the thyroid lower pole

(5) Preservation of the recurrent laryngeal nerve and parathyroid glands

(6) Dissection of the thyroid upper pole

4. Specimen removal

5. Central compartment dissection and contralateral thyroidectomy (if indicated)

6. Closure

Table 1. Surgical steps of bilateral axillo-breast approach robotic thyroidectomy.
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4.1.1.2. Drawing guidelines

Guidelines are drawn along the following anatomical markings of the chest and neck: thyroid 
cartilage notch, cricoid cartilage (+), suprasternal notch (U), midline connecting them above, 
anterior border of the sternocleidomastoid muscle (SCM), superior border of the clavicle and 
2 cm below the border, incisions (two circumareolar incisions at the superomedial margins 
and two axillary incisions using conventional skin wrinkles), and four trajectory lines from 
each of four skin incision sites to the cricoid cartilage and workspace (Figure 10). The dissect-
ing area is bordered by the thyroid cartilage superiorly, 2 cm below the superior border of the 
clavicle inferiorly and just beyond the medial border of the SCM muscles laterally.

4.1.1.3. Epinephrine-mixed saline injection

Diluted (1:200,000) epinephrine solution is injected into the workspace below the platysma 
of the neck and subcutaneously into the anterior chest. A 23-G spinal needle is then used to 
check the intravenous puncture by pulling the syringe back slightly before injecting the solu-
tion (Figure 11a). At this time, it is possible to inject the solution more securely while avoiding 
puncturing the blood vessel by bending the needle slightly at an angle. A “pinch and raise” 

Figure 10. Drawing guideline.

Figure 11. Epinephrine-mixed saline injection (a) 23 G spine needle (b) “pinch and raise” technique.
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maneuver of the skin from the neck area facilitates injection of saline into the subplatysmal 
area (Figure 11b). This “hydrodissection” technique is used to create a saline pocket in the 
subplatysmal layer to reduce bleeding in the flap area and facilitate subsequent dissection. 
Additionally, Kang et al. previously reported that infiltration of the flap sites with a ropiva-
caine-saline solution (100 cc normal saline mixed with 3 mg/kg 0.1% ropivacaine) is a safe 
and effective method for reducing postoperative pain and postoperative analgesic need [14].

4.1.2. Flap making

4.1.2.1. Skin incision and blunt dissection

A circumareolar incision is made along the superomedial margin of each areola (Figure 12). 
First, a 12-mm incision is made on the right side to be used as a camera port, and the subcu-
taneous tissue is dissected using an electric cauterizer. Next, a straight mosquito hemostat, a 
long Kelly clamp, and a vascular tunneler are used to generate a subcutaneous narrow tunnel 
along the trajectory line for trocar insertion. Blunt dissection of the flap formed by hydrodis-
section begins at zone 2 and extends to zone 1 using a vascular tunneler. At this time, exces-
sive force must not be used when performing blunt dissection near the sternal notch. Next, an 
8-mm incision is made on the superomedial margin of the left areola, and blunt dissection of 
zones 1 and 2 is completed by repeating the same procedure described above.

4.1.2.2. Port insertion and sharp dissection using an energy device

After blunt dissection of the flap from the incision sites to the cricoid cartilage using the tun-
neler, the ports are inserted through the incision (Figure 13). The flap is located higher than 
the breast parenchyma so that it does not injure the patient’s breast. The 12-mm camera port is 
inserted through the right breast incision, and the 8-mm port is inserted through the left breast 
incision. At this time, the port insertion sites around the areola are encircled with Duoderm® 
to cover and protect the areolar after the port is inserted, prevent skin burns on the incision 
surface, and avoid air leakage. The workspace is maintained at low pressure (5–6 mmHg) 
by pumping CO2 gas through the 12-mm camera port [15]. The ultrasonic shear (Harmonic, 
Ethicon EndoSurgery Inc., Cincinnati, OH, USA) is inserted through the 8-mm port on the left 
areolar incision to meet the camera through the 12-mm port and to secure the field of view 
and remove the remaining trabeculae of the subcutaneous tissue. After creating a workspace 
in the anterior chest (zone 1 and/or 2), avoiding the firm area near the sternal notch, two 8-mm 
incisions are made, and the trocar is inserted along the axillary trajectory line.

Figure 12. Skin incision and blunt dissection.
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4.1.2.3. Robot docking and complete elevation of the flap

After inserting the four ports, the operation bed is switched to a reverse Trendelenburg 
position of ~20–30°. The central columns of the robot carts and the camera arm are aligned 
with the camera port in a straight line, and the robot is docked to the port and connected 
via each of the four robot arms (Figure 14). The camera is inserted into the right areolar 
incision site port, and a monopolar electrocautery or ultrasonic shear is inserted into the left 
port. Graspers (ProGrasp forceps and Maryland forceps, Intuitive Surgical Inc., Sunnyvale, 
CA, USA) are inserted through both axillary ports, and further dissection is performed 
(Figure 15). This procedure completes the flap safely and effectively without bleeding. The 
border of the completed flap extends from the thyroid cartilage superiorly to 2 cm below 
the clavicle and to the point just beyond the medial margin of the SCM muscle. Recent 
reports suggested that subfascial layers likely cause less postoperative adhesion than do 
conventional subplatysmal layers in making flaps [16]. Anterior jugular vein ligation is nec-
essary for dissections performed using the subfascial layer, which can be safely ligated near 
the sternal notch using an ultrasonic shear or a bipolar coagulator connected to Maryland 
forceps.

Figure 13. Four ports insertion and sharp dissection with energy device.
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4.1.3. Thyroidectomy on the lesion side

4.1.3.1. Midline division

The first step of BABA RoT is resection, performing a midline division of the strap muscle in 
a similar fashion to conventional OT (Figure 16). The midline between the strap muscles is 
identified and separated by monopolar electrocautery. At this time, the cervical fascia is opened 
from the suprasternal notch to the thyroid cartilage to expose the entire length of the strap mus-
cle. For identifying the midline, it is helpful for confirming the boundary that the first assistant 
palpates the prominence of the thyroid cartilage and the suprasternal notch from the outside.

Figure 14. Robot docking.

Figure 15. Placement of robotic instruments.
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4.1.3.2. Isthmectomy and/or removal of the pyramidal lobe and midline (pretracheal and  
prelaryngeal) LNs

After verifying the trachea, isthmus, and cricothyroid membranes in the visual field, the isth-
mus is separated by ultrasonic shear or hook electrocautery (Figure 17). The trachea is easily 
identified by dissecting the soft tissue caudally from the thyroid isthmus, taking care not to 
injure the trachea. In addition, because there is a vessel in the upper border of the isthmus, 
care should be taken to avoid bleeding when dissecting. It is important to confirm the presence 
of isthmus lesions on preoperative images. If the tumor or nodule is located in the isthmus 
on the preoperative image, the lesion should be avoided, i.e., by using the paraisthmic line. 
Sometimes, the pyramidal lobes extend cranially to the level of the hyoid bone, and a thyroid 
duct cyst is detected incidentally. This structure should be removed for complete resection of 
the thyroid tissue; this procedure is possible with BABA RoT [17]. Furthermore, a delphian 
or prelaryngeal node between the cricothyroid muscles above the isthmus and a  pretracheal 

Figure 17. Isthmectomy, arrow; thyroid notch.

Figure 16. Midline division.
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node below the isthmus shoulder may be found during soft tissue dissection. If LN metastasis 
is suspected, it is possible to excise the LN and confirm metastasis intracorporeally using fro-
zen biopsy [18]. This area always contains small blood vessels, but monopolar electrocautery 
allows hemostasis. Extra attention is needed to avoid injuring the cricothyroid muscles dur-
ing dissection.

4.1.3.3. Lateral and anteromedial dissection of the thyroid gland

After isthmectomy and/or midline LN resection, the thyroid gland on the lesion side 
is retracted medially using ProGrasp forceps, and the strap muscle is retracted laterally 
using Maryland forceps to separate the strap muscle from the capsule of the thyroid gland 
(Figure 18). This dissection extends to the deep aspect of the gland to expose the lateral 
side of the thyroid gland. Upon lateral dissection, the middle thyroid vein is visible and is 
ligated using ultrasonic shears or Maryland forceps. Ultrasonic shears are useful to reduce 
unnecessary bleeding from the muscles and thyroid capsule during this process. The so-
called “switching action,” which moves the thyroid gland in the medial direction in phase 
with two robotic arms, facilitates medial retraction of the thyroid gland. In addition, the 
thyroidectomy procedure may be facilitated by dissection of the medial side (peritracheal 
and cricoid cartilage) as well as the lateral side. Further dissection is then performed from 
the lower pole to the medial side of the trachea in accordance with the principle of capsular 
dissection.

4.1.3.4. Dissection of the thyroid lower pole

After completing the lateral and medial dissections of the thyroid gland, the next step is dis-
section of the inferior portion of the thyroid gland (Figure 19). The lower pole of the thyroid 
gland is dissected bluntly using ultrasound scissors or Maryland forceps, because the infe-
rior thyroid artery passes directly below or crosses over the recurrent laryngeal nerve before 
entering the thyroid gland. Therefore, the inferior thyroid artery can be used as an anatomical 
guide for exposing the recurrent laryngeal nerve.

Figure 18. Lateral dissection of the thyroid gland.
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4.1.3.5. Preservation of the RLN and parathyroid gland (PTG)

During dissection of the thyroid gland from the perithyroidal tissue, it is important to pre-
serve the RLN and PTG (Figure 20). The RLN and PTG should be identified while carefully 
dissecting the inferolateral side of the thyroid gland. Once the RLN is found, a plane delin-
eated just superficial to the nerve and the ligament of Berry is separated using ultrasonic 
shears. Dissection progresses in the cephalad direction to the point where the nerve enters 
the larynx. Near the ligament of Berry, careful dissection is needed to avoid traction or ther-
mal injury to the RLN. It was reported that intraoperative neuromonitoring can help identify 
and preserve the RLN [19, 20]. In addition, Yu et al. introduced near-infrared light-induced 
indocyanine green fluorescence to identify the PTG during BABA RoT and reduce the risk of 

Figure 19. Dissection of the thyroid lower pole, arrow; inferior thyroid vein.

Figure 20. Preservation of the recurrent laryngeal nerve and parathyroid gland.
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incidental parathyroidectomy [21]. If the nerve is not immediately exposed, the loose fibrous 
tissue needs to be further dissected from the inferior point of the artery near the tracheo-
esophageal groove. At this time, the inferior PTG, which can be used as a guide to the RLN, 
can be detected. The Zuckerkandl tubercle can also be used as a guide to the RLN. Therefore, 
the area under the Zuckerkandl tubercle requires caution when dissecting using Maryland 
forceps. Because the inferior thyroid vessels supply blood to the inferior PTGs, the inferior 
vessels should be ligated close to the thyroid to preserve blood flow. If preservation of the 
PTGs is not possible, reimplantation should be considered. The pectoralis major muscle is 
preferred for autotransplantation of the PTG.

4.1.3.6. Dissection of the thyroid upper pole

With the retractor pulling the upper portion of the strap muscles in a cephalad direction and 
the trachea in a medial direction, ultrasonic shears are used to dissect the upper pole of the 
thyroid gland (Figure 21). The medial and lateral sides are dissected alternately to separate 
the upper pole of the thyroid gland. It is important to preserve the fascia of the cricothyroid 
muscle, because the external branch of the superior laryngeal nerve is closely related to the 
cricothyroid muscles [22]. Therefore, it is helpful to maintain the fascia using medial traction 
of the trachea during this procedure. In most cases, the posterior branch of the upper thyroid 
vessel, which supplies blood to the superior PTG, can be preserved by careful capsular dis-
section. There may be one or two small veins entering the posterior portion of the upper pole; 
these vessels should be identified and ligated carefully. Then, the terminal branches of the 
superior thyroid artery and vein should be identified and ligated carefully using ultrasonic 
shears. The three approaches to dissecting the upper thyroid gland are the (1) lateral, (2) 
anteromedial, and (3) posterior medial approaches. The lateral approach refers to gradual 
and careful dissection of the strap muscles attached to the thyroid gland. The anteromedial 
approach to the thyroid upper pole corresponds to extending the space between the thy-
roid gland and the anterior portion of the cricothyroid muscle. The posteromedial approach 
involves coming in close contact with the superior thyroid vessels along the ligament of Berry 
and cricothyroid fascia.

Figure 21. Dissection of thyroid upper pole, arrow, superior thyroid artery.
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4.1.4. Specimen removal

After complete dissection of the thyroid gland from the trachea, the specimen is wrapped 
in an endoplastic bag (LapBag; Sejong Medical, Seoul, Korea) and removed through the left 
axillary port (Figure 22). If the incision of the left axilla is insufficient to extract the specimen, 
the incision can be widened using a knife. Once the specimen is extracted, it is diagnosed by 
analyzing intraoperative frozen sections and used to determine the extent of the operation 
required.

4.1.5. Central compartment dissection and contralateral thyroidectomy (if indicated)

If the frozen section is confirmed as malignant, central LN dissection (therapeutic or prophy-
lactic) should be performed (Figure 23). Care should be taken to avoid injury to the recurrent 
laryngeal nerve by central compartment dissection. The contralateral lobe is handled in the 
same way. As shown in the figure, the operator has a comfortable and symmetrical view of 
the surgical field using BABA.

Figure 22. Specimen removal using endobag.

Figure 23. Central lymph node removal using thimble.
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4.1.5. Central compartment dissection and contralateral thyroidectomy (if indicated)

If the frozen section is confirmed as malignant, central LN dissection (therapeutic or prophy-
lactic) should be performed (Figure 23). Care should be taken to avoid injury to the recurrent 
laryngeal nerve by central compartment dissection. The contralateral lobe is handled in the 
same way. As shown in the figure, the operator has a comfortable and symmetrical view of 
the surgical field using BABA.

Figure 22. Specimen removal using endobag.

Figure 23. Central lymph node removal using thimble.
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4.1.6. Closure

After the thyroidectomy is completed, the operative field is irrigated with warm saline. 
Hemostasis is performed carefully, and fibrin sealant (Tisseel®; Baxter Healthcare Corporation, 
Westlake Village, CA, USA) is then applied if necessary. The antiadhesive material is placed 
between the trachea and strap muscle and then between the skin and fascia. The midline between 
the two strap muscles is closed by a continuous running suture (Figure 24). Then, one or two 
Jackson-Pratt drains are inserted into the thyroid pockets through the opposite or bilateral axil-
lary incisions; however, drainless BABA thyroidectomy was reported to be feasible [23]. It was 
also reported that a ropivacaine solution can be instilled into the skin flap before skin closure 
to reduce postoperative pain and the requirement for analgesia [24]. Finally, the skin of both 
breasts and the axilla are sutured by the knot-burying technique using an absorbable ligature.

4.2. LN dissection

4.2.1. Central compartment dissection (Figure 25)

After completion of thyroidectomy on the lesion side, ipsilateral neck LN dissection is per-
formed. For therapeutic central LN dissection, it is particularly important to avoid RLN injury, 
preserve the PTG, and achieve complete resection of the suspected LN. In advance, it is useful 
to have a spacious field of vision to expose the central LNs and major structures. Kang et al. 
reported that blind spots are reduced using a deep-seated LN approach around the central 
compartment below the sternal notch via a VM that repositions the pivot point of the robot arm 
as high as possible [6]. In addition, Kim et al. reported that the addition of a snake retractor to 
the axillary trocar site enhances the central view and increases the number of resected LNs [23].

For complete and safe central LN dissection, an understanding of the anatomical relationship 
among the thymus, lower PTG, and soft tissues containing the LNs is needed. The vertical infe-
rior thyroid veins running along the thymus help to indicate the dissection plane. The central 
compartment LN is located deeper vertically than the plane of these veins and the thymus. 

Figure 24. Midline closure.
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The inferior PTG is located on the superficial plane, usually within or near the thymus. Thus, 
preserving the thymus helps reduce the risk of hypoparathyroidism (hypoPTH). Usually, the 
central LN is separated, with preservation of the thymus and the inferior PTG, and removed 
from the carotid artery in the medial direction. If a PTG is accidentally removed along with the 
resected tissue containing the central LN, autotransplantation into the pectoralis major is recom-
mended. The RLN should be carefully monitored and preserved at this stage. Therefore, a nerve-
monitoring device connected to a monopolar electrocautery is helpful for identifying the RLN.

4.2.2. Lateral compartment dissection

The procedures related to BABA robotic lateral neck dissection are essentially similar to those 
of the open method and have been reported previously [13]. First, this procedure requires a 
larger skin flap than that required for conventional thyroidectomy, with the boundaries being 
the inferior border of the submandibular glands cranially, the mandible angle superiorly, and 
the anterior edge of the trapezius muscle posteriorly. The fascia between the sternothyroid mus-
cles and the SCM muscles is incised. After the medial and lateral borders of the SCM muscle 
are fully exposed, the SCM muscle is pulled upward using a #0 polydioxanone suture (Ethicon, 
San Angelo, TX, USA) and fixed. In the level IV dissection, the transverse cervical artery and 
phrenic nerve are identified, and the level II dissection is extended until the posterior belly of 
the digastric muscle preserves the spinal accessory nerve. The direction of the camera port can 
be changed such that the dissecting field of view is secured and pulled further cranially when 
necessary. It can also be helpful to rotate the camera port slightly clockwise or counterclockwise.

5. Review of the evidence: the safety of performing BABA RoT

5.1. Technical

Table 2 shows the technical safety parameters for BABA RoT. Below, we describe various 
surgical complications, including RLN paralysis and hypoPTH, the most important factors 
for thyroidectomy.

Figure 25. Central compartment dissection, arrow long; left recurrent laryngeal nerve, arrow short; left superior and 
inferior parathyroid glands.

Surgical Robotics82



The inferior PTG is located on the superficial plane, usually within or near the thymus. Thus, 
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5.1.1. Recurrent laryngeal nerve (RLN)

Table 2 shows the incidences reported to date of transient and permanent RLN injury during 
BABA RoT [6, 8, 23, 25–28]. These studies were published in Korea. In most studies, transient 
RLN damage was defined as hoarseness or vocal fold paralysis of <6 months. The reported 
incidence of transient RLN injury in patients undergoing BABA RoT ranges from 1.4 to 
14.2%, and most studies have reported an incidence of <7%. Particularly, permanent RLN 
injuries were observed in <1% of patients, which is an excellent result, comparable to that of 
conventional OT. Table 3 shows the results of five studies that compared RoT with OT or ET; 

First author, 
year

No. of 
samples 
(total cases)

VC palsy* VC palsy¶ HypoPTH*,ǂ HypoPTH¶,ǂ Bleeding Chyle leak

Kim, 2011 [25]ǂ 69 (69) 1.4% 0% 33.3% 1.4% 0% 1.4%

Lee, 2013 [8] 1026 (872) 14.2%ǂ 0.2%ǂ 39.1% 1.5% 0.4% NA

Kim, 2014 [6] 123 (100) 4.9% 0% 29% 0% 0% NA

Lee, 2015 [26] 100 (88) 3.0% 0% 21.6% 0% 0% 0%

Kim, 2015 [23] 300 (143) 2.6% 0% 23.1% 1.4% 0.3% 0.6%

Cho, 2016 [27] 109 (99) 6.4% 0.9% 33.0% 1.8% 0.9% 0%

Bae, 2016 [28] 118 (91) 3.3%ǂ 0%ǂ 35.2% 2.2% 0% NA

*Transient.
¶Permanent.
ǂFor total thyroidectomy cases.
Note: No.: number; VC: vocal cord; hypoPTH: hypoparathyroidism; NA: not available.

Table 2. Technical safety of performing bilateral axillo-breast approach robotic thyroidectomy.

First author, year No. of pts. 
(RoT vs. OT)

No. of TT 
(RoT vs. OT)

Evaluation Transient palsy (%) 
(RoT vs. OT)

Permanent palsy (%) 
(RoT vs. OT)

Kim, 2011 [25]ǂ 69 vs. 138 69 vs. 138 Laryngoscopy 1.4 vs. 0.7 (0.615) 0 vs. 0 (1.000)

Kim, 2014 [6] 123 vs. 392 100 vs. 364 Laryngoscopy 4.9 vs. 6.1(0.607) 0 vs. 0.3 (1.000)

Kwak, 2015 [29] 206 vs. 634 157 vs. 544 Stroboscopy 0.5 vs. 0.9 (0.363) NA

Cho, 2016 [27] 109 vs. 109* – Laryngoscopy 6.4 vs. 5.5 (0.775) 0.9 vs. 0.9 (1.000)

First author, year No. of pts. 
(RoT vs. ET)

No. of TT 
(RoT vs. ET)

Evaluation Transient palsy (%) 
(RoT vs. ET)

Permanent palsy (%) 
(RoT vs. ET)

Kim, 2011 [25]ǂ 69 vs. 95 69 vs. 95 Laryngoscopy 1.4 vs. 2.1 (0.757) 0 vs. 2.1 (0.623)

Kim, 2016 [30] 289 vs. 289* 114 vs. 114 Medical record 
± laryngoscopy

4.5 vs. 3.8 (0.677) 0.7 vs. 0.3 (1.000)

*After propensity score matching.
ǂFor total thyroidectomy cases.
Notes: No.: number; pts: patients; NA: not available; TT: total thyroidectomy.

Table 3. Comparison of recurrent laryngeal nerve palsy between bilateral axillo-breast approach robotic thyroidectomy 
(RoT) and open thyroidectomy (OT) or endoscopic thyroidectomy (ET).
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these studies reported no difference in incidence between transient and permanent RLN inju-
ries [6, 25, 27, 29, 30]. Therefore, the technical safety of BABA RoT for RLN preservation has 
been demonstrated sufficiently. These results were also validated in several meta-analyses 
of studies that included BABA and TAA methods, with the exception of one study [31–35].

5.1.2. Hypoparathyroidism (hypoPTH)

Table 2 shows the incidence of transient and permanent hypoPTH after BABA RoT [6, 8, 23, 
25–28]. The definition of hypoPTH varies but is generally defined according to  parathyroid 
 hormone and calcium levels and hypocalcemic symptoms. In most studies, permanent 
hypoPTH was defined as the need for medication for at least 6 months. The incidence of tran-
sient hypoPTH in patients undergoing BABA RoT was 22–39%, and the incidence of permanent 
hypoPTH in patients undergoing the total thyroidectomy was <3%. This is an important indica-
tor of the technical safety of BABA RoT, which is comparable to traditional OT. Furthermore, 
in five studies that compared RoT and OT (Table 4), the incidence of transient or permanent 
hypoPTH was similar between RoT and OT, suggesting that BABA RoT is a more appropriate 
method for total thyroidectomy [6, 25, 27, 29, 30].

5.1.3. Other complications

Among the other complications, bleeding and chyle leak are described in Table 2. Bleeding 
was reported in four out of seven studies with no cases and in the remaining three studies 

First author, year No. of pts.
(RoT vs. OT)

No. of TT 
(RoT vs. OT)

Definition of transient 
hypoPTH

Transient (%) 
(RoT vs. OT)

Permanent (%) 
(RoT vs. OT)

Kim, 2011 [25] 69 vs. 138 69 vs. 138 PTH normalized 
within 6 months

33.3 vs. 27.5 
(0.484)

1.4 vs. 2.9 (0.873)

Kim, 2014 [6] 123 vs. 392 100 vs. 364 Serum calcium <4.0 
mEq/L

29.0 vs. 22.0 
(0.161)

0 vs. 0 (0.000)

Kwak, 2015ǂ [29] 206 vs. 634 157 vs. 544 iCa <4.4 mg/dL or PTH 
< 8 pg/mL

14.6 vs. 15.0 
(0.296)

NA

Cho, 2016ǂ [27] 109 vs. 109* – PTH <13 pg/mL 33.0 vs. 26.6 
(0.374)

1.8 vs. 1.8 (1.000)

First author, year No. of pts. 
(RoT vs. ET)

No. of TT 
(RoT vs. ET)

Definition of transient 
hypoPTH

Transient (%) 
(RoT vs. ET)

Permanent (%)
(RoT vs. ET)

Kim, 2011 [25] 69 vs. 95 69 vs. 95 PTH normalized 
within 6 mo

33.3 vs. 25.3 
(0.340)

1.4 vs. 3.2 (0.851)

Kim, 2016ǂ [30] 289 vs. 289* 114 vs. 114 PTH <5 pg/mL 38.6 vs. 33.3 
(0.408)

0.9 vs. 1.8 (1.000)

*After propensity score matching.
ǂIncluding lobectomy cases.
Notes: No.: number; pts: patients; TT: total thyroidectomy; NA: not available; iCa: ionized calcium.

Table 4. Comparison of hypoparathyroidism between bilateral axillo-breast approach robotic thyroidectomy (BABA 
RoT) and open thyroidectomy (OT) or endoscopic thyroidectomy (ET).
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<1% [6, 8, 23, 25–28]. The incidence of chyle leak was low in the two studies that reported 
this complication (1.4 and 0.6%, respectively) [23, 25]. Postoperative bleeding and hematoma 
are potentially fatal complications of thyroidectomy, because reoperation may be necessary 
to resolve the airway compression caused by hematoma. Otherwise, unlike TAA, brachial 
plexus and tracheal injury have not been reported in BABA RoT [36].

5.2. Oncological safety

The clinical parameters used to assess oncological safety after thyroidectomy include the 
number of retrieved LNs in the neck, stimulated thyroglobulin (sTg) level, and radioactive 
iodine (RAI) uptake on whole-body scan (WBS). Both the sTg level and RAI uptake reflect the 
surgical completeness of thyroidectomy.

5.2.1. LN retrieval

As the main indication of BABA RoT, papillary thyroid carcinoma frequently exhibits loco-
regional metastasis into the surrounding cervical LNs. Therefore, LN dissection is performed 
for therapeutic or prophylactic purposes in most institutions, and the number of resected LNs is 
an indicator of the oncological safety associated with RoT [37, 38]. In all previous studies except 
for Kim et al. [25], the number of central neck LNs retrieved by RoT was statistically lower than 
that by OT [6, 23, 27, 29]. Nevertheless, the total LN count was five to nine, which is considered 
to exceed the minimum level of adequacy for LN dissection in the central compartment (Table 
5). Only one study has compared RoT with OT in terms of the number of LNs excised during 
BABA robotic lateral neck dissection for locally advanced cancer, but no significant difference 
was observed (RoT vs. OT; 12.8 vs. 12.7 LNs) [13]. However, the currently available data indi-
cate that BABA RoT is not superior to OT in terms of the number of central LNs retrieved.

5.2.2. Surgical completeness: sTg level and WBS

The surgical completeness of resection in thyroid carcinoma is generally assessed by measure-
ments of serum thyroglobulin levels after RAI ablation and RAI uptake on posttherapeutic 
WBS [46, 47]. sTg levels are measured prior to RAI ablation combined with elevated thyroid 
stimulating hormone (TSH) treatment, via either thyroid hormone withdrawal or recombinant 
human TSH injection. Increased sTg levels after total thyroidectomy suggest the presence of 
remnant thyroid tissue. Therefore, a low sTg level is a reliable surrogate marker for the amount 
of remnant thyroid tissue after total thyroidectomy. Table 5 shows the results of studies that 
measured sTg levels after the first RAI ablation following RoT or OT. Five studies reported no 
statistically significant difference in sTg levels between RoT and OT [6, 23, 25, 27, 39] Compared 
with the sTg levels (mean, 4.9–10.2; median, 3.8) following OT, endoscopic surgery, or TAA 
[41, 42, 44, 45], the mean (0.8–1.4) and median sTg levels (0.2–0.6)  following BABA RoT were 
remarkably lower [6, 23, 25, 27, 28, 39]. In addition, the proportion of patients with a sTg level 
<1.0 ng/mL was much higher: 65–87% after BABA RoT [6, 23, 39] compared with 21–48% after 
other approaches [40–43] (reported in previous studies). In two meta- analyses performed by 
Wang et al. and Son et al., there was no statistically significant difference between RoT and OT 
in terms of sTg levels [33, 35]. However, in another meta-analysis performed by Lang et al., sTg 
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levels were significantly higher after robotic compared with open surgery, which was more 
pronounced after TAA compared with BABA RoT [48].

Remnant thyroid tissue can also be measured by RAI thyroid uptake on WBS. Lee et al. 
reported that RAI uptake on the initial WBS was similar in the BABA RoT and OT groups after 
propensity score matching (the two groups were matched using a total of eight factors, includ-
ing three demographic and five pathological characteristics) to minimize selective bias [39]. 
This study is the first report to systematically analyze the surgical completeness of BABA RoT 
and OT. Statistical techniques were applied to improve comparison of the two groups; there-
fore, this was a meaningful attempt to overcome the limits of a retrospective study design.

First author, 
year

No. cases.  
(RoT vs. OT)

LN number  
(RoT vs. OT)

No. RAI cases 
(RoT vs. OT)

sTg after 1st RAI 
ablation (RoT vs. OT)

Proportion of cases 
with sTg <1.0 ng/mL 
(RoT vs. OT)

Kim, 2011 [25] 69 vs. 138 4.7 vs. 4.8 (0.802) – 0.8 vs. 0.8 (0.978) NA

Lee, 2011 [39] 174 vs. 237 NA 174 vs. 237 1.4 vs. 1.2 (0.998) 69.1% vs. 68.6% 
(0.924)

Kim, 2014 [6] 123 vs. 392 8.7 vs. 10.4 (0.006) 37 vs. 148 1.4 vs. 1.2 (0.652) 75.7% vs. 76.4% 
(0.931)

Kim, 2015 [23] 300 vs. 300 6.7 vs. 8.9 (<0.001) 68 vs. 130 0.8 vs. 1.8 (0.001) 86.6% vs. 67.6% 
(0.004)

Kwak,2015 
[29]

206 vs. 634 5.9 vs. 8.4 (0.001) – NA NA

Cho, 2016 [27] 126 vs. 689 3.6 vs. 5.1 (<0.001) 67 vs. 52 0.25 vs. 0.2* (0.954) NA

Bae, 2016 [28] 118 (RoT) 67 0.6*

References about RAI ablation

First author, 
Year

No. cases 
(RoT/vs. OT)

Approach sTg after 1st RAI 
ablation (RoT vs. OT)

Proportion of cases 
with sTg < 1.0 ng/mL

Schlumberger, 
2012 [40]

652 Conventional open – 48.3%

Mallick, 2012 
[41]

110 Conventional open 3.8* 21%ǂ

Lombardi, 
2007 [42]

152 Minimally invasive video-assisted 5.5 21%

Choi, 2012 [43] 99 Endoscopic BABA NA 40.3%

Tae, 2014 [44] 62 vs. 183 Gasless unilateral axillo-breast 10.2 vs. 3.9 ( <0.001) NA

Lee, 2014 [45] 43 vs. 51 Transaxillary 4.9 vs. 4.2 (0.674) NA

*Median.
ǂsTg < 2.0 ng/mL.
Notes: NA: not available; RAI: radioactive iodine; No.: number; LN: lymph node; sTg: stimulated thyroglobulin.

Table 5. Oncological safety: comparison of surgical completeness between bilateral axillo-breast approach robotic 
thyroidectomy (BABA RoT) and open thyroidectomy (OT).
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5.3. Functional

5.3.1. Pain

Since RoT requires formation of a larger skin flap than that does OT, there is concern that the 
postoperative neck and chest pain will be greater after RoT. In a prospective study, Chai et al. 
reported no significant difference in the postoperative pain score for the throat, anterior neck, 
posterior neck, or back at 1, 2, 3, and 14 days postoperatively between the BABA RoT (n = 27) 
and OT (n = 27) groups [49]. They also reported that the postoperative analgesic requirements 
were similar between the two groups using applications on mobile devices such as the iPAD 
to facilitate the assessment and management of pain in postoperative patients. In addition, 
Cho et al. reported similar pain scores between the RoT and OT groups (P = 0.669 after sur-
gery, P = 0.952 on postoperative day 1) [27]. Koo et al. reported no significant difference in 
chronic pain levels (P = 0.321) between the BABA RoT and OT groups after correcting for age 
and the postoperative follow-up period [50]. Because previous studies have used different 
assessment scales, it is not possible to provide a standardized comparison of postoperative 
pain by meta-analyses; nevertheless, the overall evidence suggests that RoT and OT achieve 
similar results in terms of postoperative pain. Table 6 shows the results of three prospective 
randomized controlled trials (including 108, 55, and 34 subjects, respectively) that attempted 
to reduce postoperative pain after BABA RoT [14, 24, 51]. In all three studies, the preoperative 
and postoperative instillation of analgesics (ropivacaine or levobupivacaine spray) to the flap 
site during BABA RoT reduced postoperative pain and the need for analgesics compared with 
the OT group.

5.3.2. Voice quality and swallowing function

Postoperative voice quality after BABA RoT, independent of RLN injury, has been assessed in 
two studies. In 2015, Bae et al. assessed the VHI-10 score before surgery and 2 weeks, 3 months, 
and 6 months postoperatively [28]. After adjusting for the effect of time, they concluded that the 
mean Korean VHI-10 score during the postoperative 6 months increased initially but tended to 

Author, year Study design Number subjects 
(patients vs. controls)

Analgesic Parameters

Bae et al. 2015 [24] PRCT 108 (54 vs. 54) Ropivacaine, 
postoperative

VAS score, analgesic 
requirements, and adverse 
events

Ryu et al. 2015 [51] PRCT 55 (28 vs. 27) Levobupivacaine 
spray, postoperative

Pain score, need for PCA, 
other adverse effects

Kang et al. 2015 [14] PRCT, 
double-blind

34 (17 vs. 17) Ropivacaine, 
preincision

VAS score, bottom hit 
counts from PCA, need for 
fentanyl, CRP levels, BP, 
and HR

Notes: PRCT, prospective randomized controlled trial; VAS, visual analog scale; PCA, patient-controlled anesthesia.

Table 6. Postoperative pain management after BABA RoT.
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decrease thereafter; there was no significant difference (P = 0.308) between the 91 BABA RoT 
cases and 27 lobectomy cases. Moreover, Chai et al. reported that patient satisfaction in terms 
of voice quality, as assessed using an iPAD, was similar on days 1, 2, 3, and 14 between the two 
groups [49]. They also reported that the mean VHI 10 scores on day 14 were similar between 
the BABA RoT and OT groups (P = 0.849). However, more large-scale prospective studies are 
needed to assess the difference in voice dysfunction between BABA RoT and OT. In addition, 
no studies have reported data pertaining to swallowing disorders after BABA RoT.

5.3.3. Sensory changes

There is concern regarding potential changes in the sensation of skin flaps caused by the more 
extensive dissection with BABA techniques compared with OT. In a prospective study by 
Kim et al., 19 patients underwent skin flap sensory assessments preoperatively and at 1 and 
3 months postoperatively [52]. After BABA thyroidectomy, anterior chest paresthesia was 
normalized completely by 3 months. These results suggest that BABA has minimal adverse 
effects on anterior chest sensation.

5.4. Cosmetic satisfaction

The cosmetic outcome of the BABA technique involves practically no scarring, because 
this method transfers the anterior neck scar to four small hidden areas (the bilateral axilla 
and breasts), leaving the neck free of scars (Figure 26) [4]. Despite the early phase, we have 
already reported cosmetic satisfaction with endoscopic BABA according to a simple ques-
tionnaire [2]. Using an in-depth survey performed by a psychology consultant to evaluate 
neck scarring and psychological distress in patients who underwent BABA RoT, Koo et 
al. reported that the degree of scarring was significantly lower in the RoT group than the 
OT group (P < 0.001) [50]. There was also a significant difference in psychological distress 
between the immediate postoperative (P = 0.009) and follow-up period (P < 0.001). These 
results show the importance of scarless neck surgery and the esthetic superiority of the 
BABA method. In addition, Chai et al. reported significantly higher wound satisfaction 
scores in the 27 BABA RoT cases compared with the OT cases (7.4 vs. 5.7; P = 0.016) [49].

Figure 26. Postoperative wound after 6 months.
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6. Special concerns for BABA RoT

6.1. BABA RoT experience with Graves’ disease in comparison with OT

The application of ET for Graves’ disease has been controversial. The major limitation is that 
it is not easy to control bleeding in cases of large hypervascular thyroid glands using non-
flexible endoscopic instruments in a narrow two-dimensional field of view. Use of the surgi-
cal robot system has helped to overcome these limitations by introducing three-dimensional 
high-definition images and EndoWrist functions, which have resulted in more meticulous 
bleeding control. With recent technological advances and accumulation of experience, Kwon 
et al. reported successful results with comparable complication rates in 30 patients with 
Graves’ disease [7]. There were no major complications, such as bleeding, open conversion, 
or permanent RLN injury, except for one case of permanent hypoPTH. In a subsequent arti-
cle, Kwon et al. compared the safety of BABA RoT with that of OT in patients with Graves’ 
disease (n = 44 and n = 145, respectively) and found comparable surgical completeness and 
complications between BABA RoT and conventional OT [53]. Therefore, BABA RoT may 
be a good surgical alternative for patients with Graves’ disease who are concerned about 
cosmesis.

6.2. Influence of obesity on BABA RoT

Obesity is associated with various medical comorbidities that pose technical and clinical chal-
lenges, especially during surgery. For example, since a high BMI is a risk factor for various 
surgical complications, a retrospective study analyzed the influence of obesity on the sur-
gical outcome of BABA RoT (n = 310) [10]. There was no statistically significant difference 
in body habitus indices, the length of hospital stay, surgical completeness, or complication 
rates between patients with a BMI <25 kg/m2 and those with a BMI ≥25 kg/m2. In conclusion, 
patients with a high BMI undergoing BABA RoT are not at increased risk of surgical compli-
cations; therefore, BABA RoT may be a good alternative for obese patients concerned with 
cosmesis.
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Abstract

Colorrectal cancer is the third most frequently diagnosed cancer worldwide. The American 
Cancer Society estimates that there will be almost 100,000 new patients diagnosed with 
colorectal cancer and that around 50,000 people will die as a consequence of this in 2016. 
The increase of life expectancy and the increment of the number of diagnostic tests con-
ducted have had a great impact on the amount of cancers being detected. Among other 
diagnostic tools, colonoscopy is the most prevalent. In order to help endoscopists cope 
with the increasing amount of tests that have to be carried out, there exists a need to 
develop automated tools that aid diagnosis. The characteristics of the colon make pre-
processing essential to eliminate artefacts that degrade the quality of exploratory images. 
The goal of this chapter is to describe the most common issues of colonoscopic imagery 
as well the existing methods for their optimal detection and correction.

Keywords: colonoscopy, medical image pre-processing, specular reflections, 
inhomogeneous illumination, black borders, interlacing

1. Introduction

The unceasing increase in incidences of colorectal cancer (CRC) in recent decades has led to 
a rise in the number of medical tests being carried out; in the case at hand, colonoscopies. 
Specialists consequently have a greater amount of work, and find themselves overwhelmed. As 
a result of this problem, numerous investigations have been conducted in recent years focus-
sing on developing tools to help with diagnoses, thereby supporting specialists. Development 
of algorithms for the automatic analysis of colonoscopy imaging requires preliminary pre-
processing of the images in order to rectify the multiple factors that detract from their quality.

© 2018 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



The objective of this chapter is to shed light on the most common problems encountered in 
colonoscopic imaging, while also providing the most frequentlys-used solutions among the 
scientific community. The aim is to thusly supply useful information in order to develop 
automatic algorithms, which may then be implanted in robots that automate tasks currently 
requiring manual interaction.

2. What is a colonoscopy?

A colonoscopy is a method of reference for diagnosing and treating colonic diseases; essential 
to both colorectal screening and monitoring. This exploration enables the large intestine to be 
viewed in its entirety, to extract biopsies and to remove tumours.

It has been proven that carrying out this procedure reduces the colon cancer mortality rate. Before 
undergoing the procedure, it is necessary for the patient to have been through a preparation 
phase, so that there is no solid waste in the colon. The procedure is performed by inserting a colo-
noscope—a flexible tube with a camera at the end—into the anus (see Figure 1). In some cases, a 
sedative is used so as to carry out the procedure without causing discomfort. It is the best means 
of detecting CRC since it enables localisation and, in the majority of cases, immediate extraction.

3. Main problems of colonoscopies

The principal difficulties in obtaining colonoscopy imaging are described below; which, in 
many cases, are the result of the equipment used or the environmental difficulties.

Figure 1. Colonoscope. Source: goo.gl/6qtSW9.
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Black mask: this is due to the fact that the lenses used in the colonoscopy image capturing sys-
tem have a black frame around the edge. In many cases, the mask is used to convey informa-
tion, either pertaining to the patient or the test being carried out. This black frame hinders the 
development of digital image processing algorithms since it creates false borders, as well as 
covering a larger area for analysis that would not yield useful information. For these reasons, 
applying different techniques to eliminate its effects becomes necessary. In Figure 2, the black 
mask in colonoscopy imaging can be observed.

Ghost colours: the problem of ghost colours (see Figure 3) is linked to a lack of synchronisation 
of the colour channels. Its appearance is due to the fact that most colonoscopy equipment uses 
monochromatic cameras, in which the components R, G, and B are obtained at different times. 
This causes a reduction in the quality of the image, making the subsequent development of 
PDI algorithms difficult.

Figure 2. Black mask.

Figure 3. Ghost colours.
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Interlacing: interlacing allows twice the number of frames per second to be taken without con-
suming additional bandwidth. It is used in standard formats such as the National Television 
System Committee (NTSC) or phase alternating line (PAL), and shows half of the horizontal 
lines in each iteration. Each frame is divided into two fields: the first contains odd-numbered 
lines and the second field the even-numbered lines. Due to the phenomenon of the persis-
tence of the human eye, the brain mixes both iterations of the interlaced frame, identifying it 
as one image. The effects of interlacing cause the appearance of false outlines in the images 
(see Figure 4), which make the development of algorithms more complicated. Therefore, it is 
necessary to implement techniques to reduce its occurrence.

Specular highlights: specular highlights (see Figure 5) are points of high intensity in the image 
due to the illumination of shiny objects. When a source of light is shone directly on an object, 
the light is reflected and captured by the camera. This process generates heavily saturated 

Figure 4. Effects of interlacing.

Figure 5. Specular highlights.
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areas in the image, which can lead to unwanted outlines, making it subsequently difficult to 
process the image. This effect is extremely important in the detection of polyps, which are 
generally rounded and similar to tumours. Due to their shape, they reflect light and gener-
ate specular highlights when illuminated, which can lead to a malfunction of the developed 
algorithms.

Uneven lighting: the variations in the intensity and direction of lighting are decisive in the 
 appearance of objects in digital images. The illumination of the colon in a colonoscopy is 
variable, which, because of the colon’s three-dimensional shape, causes shadows to appear, 
accentuating or diminishing certain aspects of the image. Varying degrees of illumination on 
the same object cause differing representations of the object, rendering said variability of light-
ing unwanted. In the literature, there are numerous publications that address this problem. In 
Figure 6, an example of uneven lighting in colonoscopic imaging is shown in order to facilitate 
its detection.

4. What is the pre-processing of colonoscopic images?

Every image capturing process is affected in some way by factors that reduce the quality of the 
image to some degree. Colonoscopic imaging is no exception, so it is necessary to implement 
techniques that help to improve the quality and thereby obtain a better visual representation.

Any technique whose objective is to contrast, highlight, accentuate or remove unwanted effects  
from the image is considered a method of improvement. This is a process of vital importance 
in medical imaging, in which the limitations of the image capturing system—in the case at 
hand, colonoscopies—cause unwanted effects which need to be removed. It is crucial to point 
out that by improving imaging:

• No new information is added to the image; the image is only highlighted so as to be used 
more efficiently by the algorithms that are to be developed.

Figure 6. Uneven lighting.
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• There is no exact criterion for quantifying the degree of improvement; in many cases, it is 
based on subjective opinions and/or on the result obtained by the developed algorithms.

Below is an outline of the applicability of pre-processing colonoscopic imagery in robots 
which may be able to automate tasks that are vital in a colonoscopy.

5. Applicability of pre-processing colonoscopic imagery in robots

Faced with the growing number of diagnostic tests for colon cancer being carried out, it has 
become necessary to rely on support tools for medical diagnoses. These tools support the spe-
cialist by providing objective data, thereby enabling more accurate diagnoses.

The main functions that endoscopists require are related to the automatic detection of polyps 
and the evaluation of the quality of the test being carried out.

In the case of detecting polyps, having tools available that enable their automatic detection 
will mean a reduction in the number of missed tumours, which, in many cases, lead to inter-
val cancers. Interval cancers are those that appear between two scheduled diagnostic tests 
and, in most cases, are due to a polyp or tumour that was not detected by the specialist during 
the procedure. In this context, publications such as [1–3] have made important contributions 
to the scientific community.

Moreover, the quality evaluation of the procedure is a necessity, since many of the metrics 
are currently based on the specialist’s interpretation and are therefore subjective, imped-
ing correct comparison among different health centres with the intention of improving 
the process. The European Guidelines for Quality Assurance in Colorectal Screening and 
Diagnosis [4] provide a series of metrics that evaluate different aspects of the colonos-
copy. In this regard, publications such as [5–8] make valuable contributions to the scientific 
community.

All research studies focused on the development of automated tools for the assistance of 
medical diagnoses share the need for the availability of an image pre-processing system. The 
availability of tools to improve the quality of the images is a necessity, as can be observed in 
investigation [9].

All the methods for pre-processing imagery outlined in this chapter will be able to be implanted  
in robots and colonoscopies in such a way as to enable the development of various automated 
tools, which allows for significant higher reliability of colonoscopies.

6. Pre-processing colonoscopic imagery

Here, we describe the most frequently used techniques in the scientific community for remov-
ing the most common discrepancies in colonoscopic imagery. Solutions that have been pro-
posed in the literature are outlined, and the most appropriate focus for each point has also 
been proposed.
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6.1. Removal of black borders

In the literature, there are three tendencies for black border removal: the restoration of the 
image, the use of thresholding and cropping of the black mask. Following is a brief explana-
tion of each method.

• Removal of the black mask through restoring the image: this involves replacing the pixels 
of the black mask using the median value of the pixels in a certain vicinity. This focus has 
been used in investigation [9], obtaining satisfactory results.

• Removal of the black mask using thresholding: a threshold is set to detect the real frame 
of the image, removing the black mask. In many occasions, this focus does not manage to 
completely remove the black mask, leaving residual lines, which makes it necessary to ap-
ply techniques such as the Hough transform [10] to remove them. This technique was used 
in investigation [11].

• Removal of the black mask through cropping the image: this is the simplest focus, in which 
an area of the image is selected and the rest is removed. This method involves obtaining 
a smaller image but maintaining the maximum amount of information possible from the 
original image, running the risk of losing valuable information.

In this section, a suggestion for an alternative focus for the removal of black borders is pre-
sented. Depending on the model of colonoscope used, the black borders that are generated vary 
(see Figure 7), which makes pre-processing difficult. In many cases, the borders are used to pro-
vide information about either the patient or the procedure being carried out (see Figure 7(b)). 
This frame makes the development of PDI algorithms difficult, since it generates false borders, 
as well as entailing a greater area to be analysed that does not provide useful information. Due 
to these reasons, it is necessary to apply different techniques to remove their effects.

There are various literary references to methods addressing this problem: reconstructing the 
borders by restoring them [9], the use of thresholding for their detection [11] and the cropping 
of the black mask. In this pre-processing design, a method combining the existing solutions 
was chosen. This technique involves detecting the black mask using thresholding, as well as 
cropping and reconstructing. Figure 8 shows the process in which this task is carried out.

Figure 7. Black masks with different characteristics: (a) Black mask in the corners. (b) Circular black mask and with information.  
(c) Black mask bordering the image.
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The following is a description of the steps to remove the black borders using the proposed 
method:

(1) Conversion to Hue, Saturation, Value: in order to address the automatic detection of the black 
mask in colonoscopic images, it is necessary to convert them from the RGB colour model 
(the original colour model for colonoscopic imagery) to the HSV colour model. This is due 
to the fact that the RGB model makes certain colour specification difficult, whereas this is 
one of the HSV model’s strengths. Thanks to this, the thresholding described in the next 
step is made much more simple.

(2) Channel V thresholding: once the conversion from the RGB colour model to HSV is com-
plete, the image is ready for thresholding. Thresholding offers a wide range of intensity 
values from which to choose, allowing us to define among them those objects that we 
want to be detected automatically. In this chapter, channel V thresholding is proposed, 
in which values of 0.03 and lower are attributed to the black mask. This method enables 
the separation of useful content in the colonoscopic image from the black borders. This 
process can be observed in Figure 9, in which Figure 9(a) shows the process of Channel V 
thresholding and Figure 9(b) presents the result generated.

Figure 8. Removal of black borders.

Figure 9. Thresholding for the detection of black borders: (a) Channel V thresholding highlighted in red. (b) Result of 
thresholding.
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Depending on the model of colonoscope used to capture the images, the black borders may be 
different. This is a problem, since when thresholding is carried out to detect the black borders, 
the information shown in the borders will remain visible over the image. In order to remove 
it, an additional step is necessary which involves making a morphological opening by using a 
size-5 disk structure to the detected black mask. In this way, all the information shown on the 
black border is removed, leaving it clean. This process can be observed in Figure 10, in which 
Figure 10(a) shows the detected black mask with leftover information and Figure 10(b) shows 
the result of the morphological opening for its removal.

Once the thresholding of the image is complete, it is possible to proceed to the removal of the 
black borders.

(3) Black border removal: the process of black border removal comprises two steps: cropping 
and reconstructing. The following is a detailed description of both:

• Detection of the upper central point not belonging to the black mask: starting from the pixel in po-
sition (max(X)/2.1) searching southwards, the first pixel does not belong to the black mask.

• Detection of the lower central point not belonging to the black mask: starting from the pixel 
in position (max(X)/2.max(Y)) searching northwards, the first pixel does not belong to 
the black mask.

• Detection of the centre-left point not pertaining to the black mask: starting from the pixel in po-
sition (1.max(Y)/2) searching eastwards, the first pixel does not belong to the black mask.

• Detection of the centre-right point not pertaining to the black mask: starting from the pixel 
in position (max(X).max(Y)/2) searching westwards, the first pixel does not belong to 
the black mask.

Once the four positions of the sought pixels have been obtained, a rectangle is generated 
whi ch contains them and will be what determines the dimensions of the image with the 
black borders cropped out. Figure 11 shows a visual example of this process. The next step 
in removing the black borders is the reconstruction of the leftover black borders. This pro-
cess is addressed in the following section.

Figure 10. Thresholding for the detection of black borders: (a) Black borders with information highlighted in red. (b) 
Result of the morphological opening.
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Reconstruction of the remnants of the black mask: in Figure 11 it can be seen that the final area 
of the image highlighted in orange still contains remnants of the black borders. The final 
task for their removal is to reconstruct them. In order to do so, a restoration is applied 
which aims to replace the pixels of the black mask by the median value of the pixels in a 
certain vicinity. This operation is carried out repeatedly until the difference between the 
values of the neighbouring pixels used in the reconstruction falls below a predetermined 
amount.

(4) Image without black borders: having performed all the procedures designed for black border 
removal, we will obtain an image with reduced dimensions and the reconstructed black bor-
ders. The result obtained can be seen in Figure 12, in which Figure 12(a) shows the original 
image without editing, and Figure 12(b) provides the result obtained through this process.

6.2. Removal of specular highlights

There are numerous methods to detect specular highlights. The following is a brief summary 
of the most important of these:

Park et al. [12] propose the detection of specular highlights using a search of saturated areas 
and small regions with high contrast. The saturated areas are detected by applying adaptive 
thresholding to the image’s intensity histogram. The value of the threshold is predetermined 

Figure 11. Process of cropping the black borders.
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as the region that surrounds the maximum value of the histogram. The smaller regions with 
high contrast are detected using the method proposed in Ref. [13], which applies a top-hat 
filter followed by a reconstruction and erosion operation by a size-5 disk structure.

Bernal et al. [9] assume that the specular pixel intensity value is greater than that of the non-
specular pixels in their vicinity. Furthermore, they indicate that non-specular pixels which 
neighbour specular pixels will have higher intensity values than non-specular pixels far from 
the reflective areas. The detection of specular highlights is carried out by the subtraction of the 
original image and their median. Once this has been done, specular highlights can be detected 
through the use of thresholding.

Gross et al. [14] detect specular highlights based on the space of HSV colour. Specular high-
lights show a high saturation and low brightness, which makes their detection simple.

The method put forward in Ref. [15] for the detection of specular highlights uses two different 
colour spaces. In the first, it is necessary to observe the borders generated by the changes in 
texture and specular highlights. In the second, only the borders generated by the textures need 
to be seen. Subtraction of these two colour spaces enables the detection of specular highlights. 
This method has been used in investigation [16] with satisfactory results. Therein, the detec-
tion of specular highlights based on low saturation of the colour of the highlights is suggested.

Having shown the techniques used in various studies for the removal of specular highlights, 
the method for their elimination is proposed. Figure 13 shows the steps for a better under-
standing. A description of each of the modules that comprise them follows.

(1) Conversion to greyscale: in order to commence the process of specular highlight removal, 
it is necessary to convert the borderless image from the original colour model (RGB) to 
greyscale. This operation is necessary for subsequent detection of specular highlights, 
which is described in the next step.

Figure 12. Result of black border removal: (a) Original image with black borders. (b) Result of black border removal.
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(2) Detection of specular highlights: the method used for the detection of specular highlights 
has been proposed by the authors of the study [9]. To this end, a system comprising four 
blocks has been designed, which is shown in Figure 14. In the following steps, there is 
a detailed description of the process for specular highlight removal proposed for this 
investigation.

• Calculation of the threshold value (U): to detect specular highlighting automatically, it is 
vital to affix a threshold value (U) which distinguishes between normal values in the 
image and specular highlighting. To this end, the median value of the original image 
(μ) is calculated on a greyscale, which is then multiplied by a weight (W) which, by 
default, has a value of 0.3. In this way, the value required for addressing the next phase 
in the detection of specular highlights is calculated.

• Subtraction of the original image in greyscale and the threshold value: once the threshold 
value (U) has been calculated, the subtraction of the original image in greyscale with 
the threshold value (U) is performed. In this way, a matrix equal in dimensions to that 
of the image in greyscale is obtained, in which values above 0.75 belong to specular 
highlighting.

• Thresholding: having calculated the matrix with the values pertaining to the subtraction 
between the original image in greyscale and the threshold value (U), a binary mask 
will be generated in which values surpassing the threshold (U) are given a value of 1, 
and everything else a value of 0, thereby obtaining an image that only shows the posi-
tions of the specular highlighting that has been detected.

• Mask with specular highlights: as a result of this process, a mask is obtained which will be 
used in the next step and will deal with the reconstruction of the highlighting.

(3) Reconstruction of the image: once the dilation of the specular highlighting mask has been 
carried out, we can begin to reconstruct the regions of the image indicated by the mask 
through the following steps:

Figure 13. System for the removal of specular highlights.
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(1) The damaged section is filled in using information from the rest of the image.

(2) The structure of the area surrounding the deteriorated part is filled in towards its centre, 
extending the lines that reach the border.

(3) The numerous regions that are generated inside the damaged area from the extension 
of the contour lines are filled in with the colour of the corresponding bordering region.

(4) Finally, the small details are coloured in to maintain uniformity.

The algorithm repeatedly carries out steps 2 and 3 until the desired quality is achieved. Having 
carried out this process, an image free of specular highlights is obtained. The result is highly 
effective, as shown in Figure 15.

Figure 14. Detection of specular highlights. μ Represents the median value of the image without black borders and W 
denotes the multiplication factor (0.3 by default).

Figure 15. Removal of specular highlights.
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6.3. Lighting normalisation

In the scientific literature, there are numerous publications that deal with uneven lighting in 
imaging. A brief summary of the most relevant works, as well as a proposal for an alterna-
tive to normalise lighting in colonoscopic imagery illumination is presented. Investigation 
[17] presents a contrast operator built by means of two primitives involving Weber’s law, 
and, in doing so, achieving an improvement in the contrast of the image. On the other 
hand, study [16] carries out a reduction of the effects of uneven lighting through the local 
normalisation of the image’s brightness. For this, each pixel is divided by the maximum 
value of its vicinity. In this publication, vicinity was considered 13 × 13 pixels. Finally, in 
investigation [14], an equalisation of the background of the image in greyscale was carried 
out, thereby strengthening the contrast of the different structures, as well as removing the 
lighting variation in the image.

The following procedure is proposed to solve the issue of homogenous lighting in colono-
scopic imagery. The proposed design is shown in Figure 16, offering a complete description 
of the blocks comprising it; i.e. obtaining the subtraction value, subtracting the image with the 
subtraction value and the image with normalised lighting.

1. Obtaining the subtraction value: in order to achieve a more uniform illumination in the im-
ages, it is a fundamental requirement to calculate a subtraction value for each of the win-
dows into which the image has been divided (20 × 20 pixels). This value is obtained by 
calculating the median value of each channel inside the said window and multiplying it by 
a weight (0.3 by default).

2. Subtraction from the window with the subtraction value: once the subtraction values of the dif-
ferent channels have been calculated, these are subtracted from the corresponding channel 
of the window. In this way, the effects of the peaks of intensity that the uneven lighting 
causes are mitigated.

3. Image with normalised lighting: as an output of the lighting normalisation module, an image 
is obtained with a range of much more uniform colour intensities, which aids its subse-
quent analysis. Following this previous step, the colonoscopic images are ready to be used 
for quality evaluation algorithms for the preparation of the colon, using the BBPS, and au-
tomatic polyp detection. In Figure 17, it is possible to observe the result obtained through 
the normalisation of lighting. Figure 17(a) shows an image without lighting normalisation 
and Figure 17(b) shows the result obtained through this process.

6.4. Removal of interlacing effects

The adverse effects of interlacing are habitual in the use of videos, or in the extraction of 
images from video frames. The removal of these aspects has been addressed in numerous 
investigations, which achieve very accurate results. Below, the most relevant publications that 
propose a solution to this problem are shown.

Studies [18–20] address the removal of the effects of interlacing through deinterlacing. The 
procedure is based on obtaining one in every two horizontal lines, decreasing the vertical 
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size of the image. To maintain the size proportion of the original image, they apply vertical 
redimensioning by a factor of 0.5.

Figure 18 shows the results of applying these techniques for removing interlacing effects. As 
can be observed, the obtained result is very good, achieving high effectiveness.

6.5. Removal of ghost colours

This problem has been addressed in the literature, in study [21], where channel equalisation 
is proposed, as is carrying out an estimation and compensation of the movements of the 
camera. Channel equalisation aims to obtain a histogram with a more uniform  distribution, 

Figure 16. Illumination normalisation.

Figure 17. Result of lighting normalisation: (a) Image with neither black borders nor specular highlighting. (b) Result of 
lighting normalisation.
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i.e. the same number of pixels should exist for each level of grey in the histogram of a 
monochrome image. The estimation and compensation of the movements of the camera 
are obtained through the use of the movement vectors from MPEG video standard. These 
enable an estimate of the deviation affecting each colour channel in obtaining the image, 
allowing the errors produced to be corrected. This same solution has been addressed in 
study [22]. The application of this technique corrects the effect very accurately, failing solely 
in images of very low initial quality. The result obtained using this solution is shown in 
Figure 19.

7. Conclusion

The benefits derived from the tools described in the present chapter are in the improvement 
of colonoscopic images. Specifically:

Figure 19. Removal of ghost colours.

Figure 18. Removal of the effects of interlacing.
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• The scientific community is provided with information about the origin and characteristics 
of the most prevalent artefacts that corrupt colonoscopic images, thus allowing for their 
identification, detection and removal.

• The techniques that have to be applied to the images in order to increase their quality are 
described, as well as the methodology that has to be used to apply them.

• The scientific community is also given a useful guide to a system of medical diagnosis aid 
based on colonoscopic images, thus allowing to offer tools better suited to the needs of the 
patients.

Since the systems to aid diagnosis are constantly on the rise nowadays and are likely to be 
in the immediate future, we consider the current chapter is undoubtedly necessary to the 
specialist in the area.
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Abstract

Since the 1990s, laparoscopic technique has become a standard approach for several 
surgical procedures in the field of colorectal surgery. Laparoscopic approach to splenic 
flexure and transverse colon cancer, however, is still a matter of debate and considered 
challenging for both anatomical and technical aspects. The relationship with the spleen 
and the absence of a consensus on the extent of surgery for splenic flexure cancer are 
two of several aspects that make splenic flexure surgery mostly debated. Robotic tech-
nique has overcome some pitfalls of laparoscopy, thanks to its stability of vision, tremor 
filtering, and fine movements of the robotic arms that can help in better identifying and 
managing both vascular structures and side organs, thus avoiding splenic and pancreatic 
injuries. In addition, robotic system can allow a better fashioning of the intracorporeal 
anastomosis, and the advent of fluorescence is useful to guide dissection and to evaluate 
the vascularization of the colon. Herein we discuss a standardized approach for robotic 
splenic flexure resection and transverse colon.

Keywords: splenic flexure cancer, transverse colon cancer, robotic colorectal surgery, 
robotic technique, robotic splenic flexure resection, robotic transverse colon resection, 
robotic intracorporeal anastomosis

1. Introduction

Since the 1990s, laparoscopic technique has become a standard approach for several surgical 
procedures in the field of colorectal surgery [1]. All the main prospective trials comparing open 
and laparoscopic technique for colorectal cancer have shown same clinical and oncological 

© 2018 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
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outcomes of the two approaches [2–5]. Laparoscopic approach to splenic flexure and transverse 
colon cancer, however, has not been investigated and it is still a matter of debate, mainly due to 
the rare incidence of the cancer of the left flexure, ranging approximately from 3 to 10% of all 
colon cancers, and to technical difficulties in approaching the transverse colon. Splenic flexure 
cancers are generally considered as all those cancers occurring between the distal part of the 
transverse colon and the proximal part of the descending colon [6]. Pure transverse colon can-
cers are commonly defined as all those cancers occurring in the middle part of the transverse 
colon. Surgical technique for this kind of tumors is not standardized yet, because of anatomical 
aspects and technical issues. Laparoscopic approach has been considered a challenging proce-
dure, with longer operative time than in open surgery and a relative risk of splenic and pancre-
atic injuries, suggesting its use by expert surgeons and for early stage disease. Robotic surgery 
has been introduced in colorectal surgery about 15 years ago, and it is spreading worldwide, 
thanks to its advantages over laparoscopic technique.

2. Robotic splenic flexure resection

2.1. Patient positioning, robot docking, and operating theatre setup

2.1.1. Operative setting overview

Patient is placed in the reverse Trendelenburg position (15°), with a 30°-tilt to the right with the 
arms alongside the trunk and the legs abducted (Figure 1). The cart approaches the operative 
table from patient’s left hip (Figure 2). The procedure is carried out with a five-trocar technique 
and begins with the insertion of the Veress needle in the left hypochondrium and the induction 

Figure 1. Position of the patient on the operative table.
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of a 12-mmHg pneumoperitoneum. The optical trocart is placed 2 cm right and up the umbilical 
scar. The robotic trocarts R1, R2, and R3 are inserted in the right iliac fossa at the cross between 
the line passing through the antero-superior iliac spine and the umbilical scar, and the middle 
clavicular line; in the epigastrium/left flank between the midline and the left-middle clavicular 
line, and in the right hypochondrium 2 cm below the right rib margin along the middle clavicular 
line, respectively. A laparoscopic 12-mm trocart is placed in the right flank between R1 and R3, for 
the assistant at the operative table. Arm 1 is connected to R1, arm 2 is connected to R2, and arm 3 is 
connected to R3. The complete trocarts and operating theatre setups are shown in Figures 3 and 4.

2.1.2. Robotic instruments and setting

Robotic instruments used in this procedure are bipolar fenestrated forceps, for coagulation 
and traction, the ProGrasp for traction and exposure, and robotic scissors for cutting and blunt 
dissection (when used with closed jaws). The robotic monopolar scissors are mounted on arm 
1, the robotic bipolar fenestrated forceps on arm 3, and the ProGrasp on arm 2 (Figure 5).

2.2. Exploration of the abdominal cavity, intraoperative hepatic ultrasonography and 
mobilization of the splenic flexure

A laparoscopic exploration of the abdominal cavity and an intraoperative ultrasonography of 
the liver are systematically performed to identify the site of the neoplasm (tattoo or the cancer 
itself) and to complete the staging of the disease. This is a fundamental step that allows also in 
finding out the connections between the splenic flexure and the inferior pole of the spleen. The 

Figure 2. Direction of the docking of the robotic cart in left colic flexure resection.
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robotic arms are connected to the trocarts (robot docking). The first step of the flexure takedown 
is the dissection of the gastrocolic ligament. The transverse colon is pulled down by the assis-
tant with a laparoscopic grasper, while the stomach is pulled up by the bipolar forceps on arm 
3, in order to maximize the exposition of the gastrocolic ligament and to identify the Bouchet’s 

Figure 3. Trocarts position in left colic flexure resection. SUL, spine-umbilical line; MCL, middle clavicular line.

Figure 4. Operative theater setting.
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area, the starting point of the dissection carried out by the robotic scissors on arm 1 in a right-
to-left direction (Figure 6). The dissection continues till the lower pole of the spleen is reached, 
then the splenocolic ligament and the superior part of the left paracolic gutter are incised. The 
access to the lesser sac is achieved. The inferior margin of the pancreas is identified and the root 
of the mesocolon is incised 1 cm below the pancreatic margin by the robotic scissors on arm 1, 
from left to right, till reaching the first jejunal loop, at the Treitz area. The transverse and left 
colon are medialized by the assistant and the separation of the Toldt’s fascia from the Gerota’s 
fascia is carried out in a lateral-to-medial direction; during this step, the paracolic gutter is 
completely incised up to the sigmoid colon. The takedown of the splenic flexure is completed.

2.3. Vascular dissection and lymphadenectomy

2.3.1. Brief summary of the vascular and lymphatic drainage anatomy of the left colic flexure

Vascular anatomy of the left colic flexure is constituted by secondary branches of the two 
main intestinal vascular trunks; blood supply is provided by the left branch of the middle 
colic artery originating from the superior mesenteric artery, and by the left colic artery (LCA), 
originating from the inferior mesenteric artery (IMA); venous drainage flows into the superior 
mesenteric vein, through the left branch of the middle colic vein, and into the inferior mesen-
teric vein (IMV), through the left colic vein (LCV).

Figure 5. Robotic instruments used during robotic left colic flexure resection.

Robotic Splenic Flexure and Transverse Colon Resections
http://dx.doi.org/10.5772/intechopen.69881

119



Splenic flexure cancer has various lymphatic drainage pathways. The standard lymphatic 
way is satellite to the left branch of the middle colic artery and left colic artery, but lym-
phatic metastases to the infrapancreatic lymph node region and the splenic hilum have been 
reported. Indocyanine green (ICG) fluorescence may help analyzing metastatic lymphatic 
spread, if injected subserosally or submucosally. The optimal dose range is between 0.1 and 
0.5 mg/kg and should not exceed 2 mg/kg. For the detection of the lymph flow, a dose of ICG 
of 2.5 mg/1.0 mL is injected into the subserosal-submucosal layer around the tumor at two 
points after trocar insertion; the lymph flow is observed using the robotic integrated near-
infrared system (NIR) 30 min after ICG injection.

2.3.2. Description of the vascular dissection

The transverse colon is pulled upward by the assistant with the laparoscopic grasper, and 
the left colon is lifted up and laterally by the ProGrasp on arm 2. The inferior mesenteric vein 
(IMV) is identified at the inferior margin of the pancreas. The dissection starts at the lateral 
margin of the IMV in order to identify the left colic vein (LCV). An accurate lymphadenectomy 
of the root of the IMV is performed. The left mesocolon is lifted up by the ProGrasp on arm 
2, while the IMV is medialized by the assistant with a laparoscopic grasper. The dissection 
continues till the LCV is identified and isolated between non-adsorbable clips, applied by the 
assistant or by the robotic clip applier on arm 1, and cut by the assistant or by the scissors on 
arm 1 (Figure 7a and b). The dissection is carried out with a medial to lateral direction, joining 
the previous plane between Toldt’s and Gerota’s fascia. The sigmoid colon is completely mobi-
lized, preserving the left gonadal vessels and the ureter, lying down Gerota’s fascia (Figure 8).

The left mesocolon is then lifted up by the ProGrasp on arm 2 to identify the inferior mesen-
teric artery (IMA): the dissection follows the lateral aspect of the IMA till reaching the origin 

Figure 6. Dissection of the gastrocolic ligament. The transverse colon is pulled down by the assistant with a laparoscopic 
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of the left colic artery (LCA). An accurate lymphadenectomy of the origin of the IMA is per-
formed. The LCA is isolated between non-adsorbable clips and cut by the assistant or by the 
robotic scissors on arm 1 (Figure 9).

The vascular dissection continues with the isolation of the left branches of the middle colic ves-
sels (LMCV) (Figure 10a). The transverse mesocolon is pulled upward by the ProGrasp on arm 2,  

Figure 7. Vascular dissection. the LCV is identified and isolated between non-adsorbable clips, applied by the assistant 
or by the robotic clip applier on arm 1, and cut by the robotic scissors on arm 1. LCV, left colic vein.
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and the identification of the main trunk of the middle colic vessels starts at its origin from the 
superior mesenteric vein (SMV), upward. The dissection is carried out by the robotic bipolar 
forceps on arm 3 and the robotic scissors on arm 1. After identification of the main trunk, the left 
branch is dissected and freed from the surrounding lymphatic and fatty tissue, and cut by the 
assistant or by the scissors on arm 1, after being isolated between clips, as well (Figure 10b and c).

Lymphadenectomy and vascular dissection have been completed.

2.4. Transverse and left colon transection, anastomosis

Once the mobilization of the splenic flexure and the vascular dissection are completed, the 
evaluation of the vascularization of the colon with ICG is performed to identify the correct 
site of transection (Figure 11a). After intravenous injection, in a time interval between 5 and 
30 s, ICG reaches the arterial and venous vessels. The assistant, then, cut the transverse colon 
and the proximal sigmoid colon by a laparoscopic linear stapler (Figure 11b). A robotic linear 
stapler can be used if available on arm 1. A recheck of both the two colonic stumps is carried 
out to avoid postoperative risk of anastomotic or stumps dehiscence, mainly caused by tissue 
devascularization (Figure 11c and d). The specimen is inserted into an endobag for further 
removal. The two colonic stumps are approached. The robotic bipolar forceps on arm 3 holds 
the descending colon stump and a colotomy is performed at the level of the tenia, with the 
robotic scissors on arm 1, as well as for the transverse colon stump. The laparoscopic linear 
stapler is introduced into both the two colostomies while the surgeon at the console helps 
the introduction of the two branches of the stapler inside the colonic stumps with the robotic 
bipolar forceps on arm 3. A colocolic side-to-side antiperistaltic mechanical anastomosis is then 

Figure 8. Mobilization of the sigmoid colon. The left gonadal vessels and ureter are preserved under Gerota’s fascia.
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performed (Figure 12). The entry hole of the stapler is closed by two running barbed sutures 
starting from the opposite angles. The first running suture is performed from the inferior angle 
upward. The second suture is performed from the upper angle downward (Figure 13a and b). 
Afterwards, the robotic system is undocked and a Pfannenstiel incision is performed for speci-
men extraction.

Figure 9. Vascular dissection. The LCA is isolated between non-adsorbable clips and cut by the robotic scissors on arm 1.
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Figure 10. Vascular dissection. Identification of the left middle colic vessels (a), isolation between clips (b) and section (c).

Figure 11. Evaluation of the vascularization of the colon with ICG (a), section of the colon (b), recheck of the two colonic 
stumps (c-d).
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Figure 10. Vascular dissection. Identification of the left middle colic vessels (a), isolation between clips (b) and section (c).

Figure 11. Evaluation of the vascularization of the colon with ICG (a), section of the colon (b), recheck of the two colonic 
stumps (c-d).
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3. Transverse colon resection

3.1. Patient positioning, robot docking, and operating theatre setup

3.1.1. Operative setting overview

Patient is placed in anti-Trendelenburg position with the arms along the trunk and the legs 
abducted. The robotic cart approaches the operative table from patient’s head (Figure 14). 
The procedure is carried out with a five-trocar technique and begins with the insertion of 
the Veress needle in the left hypochondrium and the induction of a 12-mmHg pneumoperi-
toneum. The optical trocart is placed 2 cm right the umbilical scar. Three robotic trocarts are 
placed in the right (R2) and left (R1) hypochondrium 2–3 cm under the rib margin and in the 
right flank (R3) along the middle clavicular line 2 cm below the transverse umbilical line. A 
laparoscopic 12 mm trocart is inserted in the left flank along the middle clavicular line 2 cm 

Figure 12. Fashoning of the colo-colic side-to-side mechanical anastomosis.

Figure 13. Closure of the entry hole.
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below the transverse umbilical line for the assistant. Arm 1 is connected to R1, arm 2 is con-
nected to R3, and arm 3 is connected to R2. The complete trocarts and operating theatre setup 
are shown in Figures 15 and 16.

3.1.2. Robotic instruments and setting

As for splenic flexure procedure, robotic instruments used in transverse colon resection are 
bipolar fenestrated forceps, for coagulation and traction, the ProGrasp for traction and expo-
sure, and robotic scissors for cutting and blunt dissection (when used with closed jaws). The 
robotic monopolar scissors are mounted on arm 1, the robotic bipolar fenestrated forceps on 
arm 2, and the ProGrasp on arm 3.

3.2. Vascular dissection and lymphadenectomy

3.2.1. Brief summary of the vascular and lymphatic drainage anatomy of the transverse colon

Transverse colon receives blood supply from the two main intestinal trunks: the superior 
 mesenteric artery (SMA) and the IMA, via the middle colic arteries and the left colic artery, 
as well as the venous drainage is tributary of both the two vascular systems (SMV and IMV). 
Venous drainage, however, is especially variable and closely related to pancreatic and omental 

Figure 14. Direction of the docking of the robotic cart in transverse colon resection.
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Figure 15. Trocarts position in transverse colon resection. SUL, spine-umbilical line; MCL, middle clavicular line.

Figure 16. Operative theater setting.
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veins, as for the close relationship of the transverse colon with the greater omentum, the pan-
creas, and the stomach. Even though locoregional lymphadenectomy of the root of the SMV 
and SMA is commonly considered oncologically adequate, some authors suggest exploring and 
dissecting lymph nodes of the infrapancreatic and gastroepiploic region.

3.2.2. Description of the vascular dissection

The first step of the procedure is the dissection of the gastrocolic ligament carried out by the 
robotic scissors on arm 1. The stomach is pulled up by the surgeon with the robotic ProGrasp 
on arm 3, and the transverse colon is pulled downward by the assistant. The dissection contin-
ues laterally to the sigmoid colon on the left side to the cecum on the right: the phrenicocolic 
and splenocolic ligament, and the parietocolic ligament are sectioned on the left; on the right, 
the gastrocolic ligament is dissected below the gastroepiploic vessels, performing a locore-
gional lymphadenectomy. The right colon is then retracted medially by the assistant and by the 
robotic ProGrasp on arm 3, and the dissection of the right parietocolic ligament is performed 
by the robotic scissors on arm 1. A blunt dissection is performed lateral-to-medial from both 
sides and over the pancreas till reaching the Treitz area and the origin of the middle colic ves-
sels. Then, the transverse colon is pulled up by the robotic ProGrasp on arm 3, enhancing the 
main trunk of the middle colic vessels. The dissection of the root of the transverse mesocolon is 
completed toward the end of the pancreatic tail. The root of the main trunk of the middle colic 
vessels is clipped by the assistant or by the robotic clip applier and sectioned by the assistant 
or by the robotic scissors on arm 1, and the locoregional lymphadenectomy is carried out. The 
incision of the transverse mesocolon is performed by the robotic scissors, starting from the 
middle colic vessels straight to the flexure on both sides.

3.3. Transection of the transverse colon and anastomosis

The transection of the colon is performed by the assistant with a laparoscopic flexible stapler 
or by the surgeon with the robotic stapler on arm 1, and it includes both the two flexures. The 
left and the right colon are joined and a colotomy is carried out at the closed margin of both 
the two colonic stumps. The right colon is held by the surgeon with the ProGrasp on arm 
2, the left colon by the assistant. A double running suture colocolic end-to-end anastomo-
sis is performed with two needle-holders on arms 1 and 3. Afterward, the robotic system is 
undocked and a Pfannenstiel incision is performed for specimen extraction.

4. Generic considerations, technical review, and future perspectives

The role of minimally invasive surgery has been recently established in the colorectal field 
thanks to a series of randomized clinical trials that compared laparoscopic and open tech-
niques. Their results definitely eliminated any doubts concerning the oncological adequacy of 
minimally invasive treatment. The spread of minimally invasive surgery may be also justified 
by the reduced postoperative pain, decreased hospital stay and faster postoperative recovery, 
reduced incidence of postoperative complications, improved cosmetic outcome, and decreased 
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incidence of incisional hernias. Alongside these encouraging results, technologic innovations 
have been introduced in minimally invasive surgery. Robotic technique has spread worldwide 
thanks to its advantages over standard and advanced laparoscopy (three-dimensional (3D)). 
Several generic aspects of robotic assistance, such as three-dimensional view, better ergonom-
ics, magnified vision, and articulated tips of the robotics instruments are reported to be signifi-
cant technical advantages in colorectal surgery. Splenic flexure and transverse colon resections 
seem to be challenging procedures, which robotics may help with. Surgical approach of left 
flexure and transverse colon cancers is not standardized yet, due to the rare incidence of the 
flexure cancer and the technical difficulties of the latter. Left colic flexure cancers have an inci-
dence ranging from about 3–10% of all colon cancers [7] and were initially correlated to a poor 
prognosis and a high risk of obstruction [8]. This correlation has been recently overcome by 
some studies showing comparable survival outcomes to those of other colonic cancers, and 
demonstrating that neither the splenic flexure site nor colonic obstruction has an independent 
influence on patient survival after surgery [8–10]. One of the aspects that remain controversial 
is the extension of lymphadenectomy [6, 11]. As previously reported, the classic pathways fol-
low the main nourishing arterial trunks: the middle colic vessels, essentially the left branch, 
and the left colic artery. Some authors argue that lymphatic spread may follow the IMV and 
the IMA, thus requiring their ligation and a consequent standard left colectomy in order to 
achieve an oncologically adequate lymphadenectomy; aberrant metastatic pathways to the 
infrapancreatic lymph node region and the splenic hilum have been reported [12], even though 
no systematic data in the literature regarding the frequency of lymphatic drainage roots at this 
site have been clarified yet. Recently, indocyanine green fluorescent imaging (ICG) in colorec-
tal cancer has been used to evaluate the blood flow, but there are few reports on the lymphatic 
flow [13–15]. Some authors conducted a study on the pattern of lymph flow for splenic flexure 
colon cancers with ICG on 31 consecutive patients [15]. The amount of ICG injected was 2.5 
mg (1 mL of solution) into the subserosal-submucosal layer. The main lymphatic diffusion was 
observed through the IMV and LCA areas, with or without the presence of aberrant vascular-
ization. The conclusion was that lymph node dissection of the root of the IMV area is impor-
tant and it should be always performed, avoiding ligation of both the left middle colic artery 
(lt-MCA) and LCA, in those cases without widespread lymph node metastases. Unnecessary 
splenectomy is one of the main complications reported on laparoscopic studies for splenic 
flexure colon cancers, due to the anatomical relations between these two organs, and the char-
acteristics of the laparoscopic instruments. Poor dexterity, instrument stiffness, and a limited 
range of motion make splenic flexure resection a challenging procedure, requiring also several 
modification of patient’s position. Moreover, the use of 3D laparoscopy is controversial as it 
seems to fail showing any advantages in colonic resection or other more complex procedures, 
as it is in its infancy and further comparative studies are necessary to assert whether it can 
reduce learning curve [16–18]. Robotic assistance may help performing an accurate lymphade-
nectomy thanks to motion scaling, tremor filtering, 7-degrees of freedom and the 3D magnified 
view, avoiding unnecessary vessel ligation or inadverted injuries to the surrounding organs. 
These results suggest that robotic assistance, associated to ICG imaging, may introduce the 
concept of “tailored” surgery and can facilitate surgical resection of splenic flexure colon can-
cer. Further studies on lymph flow pattern may lead to a “standardization” of this procedure. 
Fluorescence was integrated into the da Vinci Si HD System (Intuitive Surgical, Sunnyvale, CA, 
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USA) in 2010. The surgeon can quickly switch between normal viewing mode to fluorescence 
(near-infrared light) by pressing the pedal on the surgical console (Figure 17). Indocyanine 
green is a sterile, water-soluble protein-binding dye with low toxicity and fast biliary excretion. 
ICG fluorescence imaging system is a simple, safe, useful method and can be used in several 
fields of general surgery, particularly in oncologic surgery [13].

Laparoscopic transverse colon resection for middle cancers is a rare procedure as population 
suffering with it is too small. Moreover, transverse colectomy requires advanced laparoscopic 
surgical skills and, consequently, a longer learning curve than other colorectal procedures. 
Dissection of the middle colic vessels and locoregional lymphadenectomy are more challeng-
ing than in other laparoscopic colectomies as well as the complete mobilization of hepatic and 
splenic flexures, which is an essential step of transverse colectomy. Colic flexures takedown 
may help anastomosis fashioning; even though there is no statistical difference between the 
advantages of intracorporeal versus extracorporeal anastomosis, it is preferable to perform 
an intracorporeal colocolic end-to-end anastomosis because of some well-known advantages: 
better chance to choose the site of the minilaparotomy (suprapubic or median), especially 
in obese patients, low traction on the mesentery and avoidance of twisting of the mesentery 
[19–21]. Some authors argue that excessive mobilization of the colon, without the flexures 

Figure 17. ICG NIR-Fluorescence System. Fluorescence was integrated into the da Vinci Si HD System (Intuitive 
Surgical, Sunnyvale, CA, USA) in 2010. The surgeon can quickly switch between normal viewing mode to fluorescence 
(near-infrared light) by pressing the pedal on the surgical console.
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takedown, can be avoided when adopting an intracorporeal anastomosis [22], but it can result 
in a unadverted traction on the anastomosis itself and a moderate risk of dehiscence in the 
postoperative, then, it is always preferable to take down both the two flexures even in an intra-
corporeal anastomosis. Robotic approach provides specific advantages in intracorporeal anas-
tomosis sewing, thanks to the endo-wrist function and the stability of the robotic arms, thus 
reproducing all the steps as in open surgery, and the 3D magnified view. Initially, the lack of 
tactile sensation was considered a pitfall of the robotic system, and several studies of engineer-
ing are still ongoing in order to provide a tactile sensation by the robotic system. This aspect, 
however, was recently confuted as it was shown that visual feedback of an expert surgeon can 
successfully replace tactile sensation, without the need of a tactile-feedback device [23].

In conclusion, few cases have been reported on robotic splenic flexure and transverse colon 
resection, but robotic assistance seems to provide several advantages on performing these 
procedures. Further studies are necessary to assess the real role of robotics in the treatment of 
the splenic flexure and mid-transverse colon cancers.
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Abstract

Robotic surgery has revolutionized medicine during the last 16 years by transformation 
of the classic operating theaters into computer-mediated working stations. Numerous 
procedures have been proved to be feasible and safe by using the continuously evolving, 
various robotic platforms. From the early beginnings of this revolution, challenging oper-
ations such as those concerning the gastroesophageal junction, especially in super-obese 
patients or during redo operations, proved out to have certain benefits when performed 
robotically, both for patients as well as for surgeons.

Keywords: robotic surgery, gastroesophageal reflux, cruroplasty, Nissen fundoplication, 
Toupet fundoplication

1. Introduction

From the early introduction of robotic surgical systems, upper gastrointestinal (GI) surgery 
has been one of the most promising areas of application. Numerous reports for successful 
robotic hiatal hernia and gastroesophageal reflux disease (GERD) surgery have been pub-
lished [1–6]. Nissen fundoplication is the most commonly performed fundoplication. Partial 
fundoplications can be performed by adjusting the extent of the wrap. In any case, the main 
stages of the operation are performed according to the following description of the robotic 
Nissen fundoplication.

Indications:

• Symptomatic sliding hiatal hernia—GERD, esophagitis

• Paraesophageal hernia

© 2018 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



Contraindications:

• Nonspecific

• Intolerance to anesthesia or laparoscopy. Bleeding tendency

• Relative: morbid obesity. Previous operations in the upper abdomen. Strictures from extensive 
esophagitis

Patient preparation:

• Gastrographin swallow

• Upper GI endoscopy (EGD)

• Esophageal manometry

• 24-h pH testing (not obligatory if patient presents with typical symptomatology)

• NPO for at least 8 h before the operation

• Admission at the day of surgery

• CXR, ECG, CBC, APTT, and INR at the day of surgery

• Preoperative antibiotic coverage (single dose at induction of anesthesia)

Operating room setup:

• da Vinci crew—technical support always necessary to be present

• Laparoscopic set availability (for the rare event of conversion)

Positioning of the patient and the robot:

• Anti-trendelenburg (Image 1)

• Robot comes in line with the camera port and the hiatus (Image 2)

• The surgeon should ensure continuous communication with the bedside assistants

• Bedside assistants should be experienced laparoscopic surgeons with certified training in 
the use of robotics

Pneumoperitoneum and trocar sites:

• 12 mm incision, 8 cm below the xiphoid and two fingerbreadths laterally to the midline 
(toward the left side of the patient)

• Pneumoperitoneum induction is done by using the Hasson technique. Alternatively, pneu-
moperitoneum may be induced by OptiView trocar (camera arm) by using 0° laparoscopic 
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camera. In this case, make sure to recognize all layers of the anterior abdominal wall (sub-
cutaneous fat, anterior sheath, muscular layer, and posterior sheath)

• Initial check of the abdomen to exclude other pathology can be performed with laparoscop-
ic maneuvers, by holding the robotic camera and rotating to all four abdominal quadrants

• Three additional robotic trocars (8 mm) are inserted: left (Arm 1) and right (Arm 2) mid-
clavicular and right anterior axillary line (fourth arm for retracting the liver). Incisions for 
trocars #1 and #2 should be done at least 3–4 cm below the costal margins and at an 8 cm 
distance from the camera port. A sterilized ruler may be used to confirm correct distance 
between ports

Image 1. Patient in supine position with legs apart.

Image 2. Positioning of the robot and team. The robot should be positioned at an axis created by the camera port and the 
hiatus. The surgeon should ensure continuous communication with the bedside assistants.
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• One or even two (especially in the initial experience of the team) 5 mm assistant trocars 
can be added according to the needs of the operation. The first one is placed between 
camera port and trocar #1. The second one is place between camera port and trocar #2 
(Image 3a and 3b)

Image 3. (a) Trocar positions for robotic Nissen. (b) Initial check of the abdomen with conventional laparoscopy, using 
the robotic camera.
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2. Console setup parameters

In the present systems, setup of the console parameters remains quite simple and is usually 
done before the operation with the assistance of technical staff responsible for the system. 
The surgeon must adjust the position of his chair, his arm-rest and the lenses in order to 
achieve the optimal ergonomy. In the end, he can save these settings in his account, so 
that the system restores exactly the same position every time he logs in. Using the TilePro 
System, you may import images of patient’s preoperative exams within the system for final 
considerations.

3. Stages of the procedure

3.1. Exposure

Install the liver retractor on Arm 4 and slowly retract the liver, exposing the gastroesopha-
geal junction. Retraction of the liver is accomplished using Arm 4 with the Robotic Graptor. 
Alternatively, a bowel grasper can be used. Ask the bedside assistant to insert a laparoscopic 
grasper through the left lateral 5 mm port and retract the stomach laterally and inferiorly. 
This traction is mandatory throughout the whole procedure for the proper exposure of the 
gastroesophageal junction (Image 4).

3.2. Dissection in the lesser omentum

Install the Cadiere forceps on Arm 2 and the Monopolar Hook Cautery on Arm 1 (remember 
to use a reducer if the 5 mm Hook Cautery will be used). By gentle traction of the lesser omen-
tum, create a window between the stomach and the liver edge (hepatogastric ligament), just 

Image 4. Retraction of the liver using Arm 4 with the robotic Graptor. Retraction of the stomach is accomplished by a 
laparoscopic grasper from the bedside assistant.
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above the caudate lobe of the liver. Beware to protect the right (hepatic) branch of the vagus 
nerve or any ectopic left hepatic arteries (that can be found next to the right branch), as you 
proceed proximally (Image 5).

3.3. Dissection at the crura and around the esophagus

As soon as the crural region was reached, careful dissection and stripping of the crura 
should take place. We usually dissect the right crus first. Dissection proceeds slowly with 
division of the superior portion of the phrenoesophageal ligament and toward the anterior 
surface of the left crus. Beware to protect the anterior branch of the vagus nerve, although 
stable traction ensured by the assistant trocar usually make it easily visible. Avoid grasping 
the esophagus at all times during the operation. Instead remember to ask for more trac-
tion on the stomach as the mobilization proceeds, exerted from the laparoscopic grasper 
of the bedside assistant. After complete dissection around the crura, mobilization of the 
esophagus is initiated by division of the numerous short adhesions to the crura. Extending 
this dissection as proximally as possible to ensure an adequate part of movable esophagus 
(at least 4 cm of esophagus should be able to move below the diaphragm without any 
tension). At this phase, a paraesophageal lipoma may be met, usually situated between 
the esophagus and the left crus. This is often rather voluminous and bleeds easily. Gently 
grasp with the robotic forceps (Arm #2) and pull back inside the abdominal cavity, while 
cauterizing any adhesions with the monopolar hook (Arm #1). After completion of the 
dissection, excise the lipoma and leave it under the liver but remember to remove before 
ending the operation (Image 6).

3.4. Creating the posterior window

Ask the bedside assistant to expose the angle between the right crus and the esophagus and 
start dissecting around the esophagus in a posterior direction. Take your time here because 

Image 5. View of the field after complete dissection of the hepatogastric ligament. On the left, the right crus is fully 
exposed. Inferiorly, the hepatic branch of the vagus nerve has been preserved.
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apart from hurting esophagus itself, it is crucial to recognize and dissect the posterior branch 
of the vagus nerve at this point. Control any minor bleeding by using the robotic bipolar for-
ceps. Avoid using monopolar for hemostasis (Image 7).

Image 6. (a) After complete dissection around the crura, mobilization of the esophagus is initiated by division of the 
numerous short adhesions to the crura. (b) Exposure of the left crus and dissection of its attachments to the lower 
esophagus.
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Image 7. (a-g): Snapshots from various phases of encircling the esophagus with a penrose drain by using the robotic 
grasper.
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Image 7. (a-g): Snapshots from various phases of encircling the esophagus with a penrose drain by using the robotic 
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At this point, ask the bedside assistant to introduce a short penrose drain through one of the 
robotic ports (usually #1). He should be aware that by this maneuver, pneumoperitoneum 
may be lost, so he must be fast but safe. Alternatively, he may use the 5 mm valve to introduce 
the drain without air loss.

Pass the robotic forceps slowly around the esophagus and grasp the penrose. By a backward 
movement, this should encircle the esophagus. The assistant secures the penrose with a hemolock 
clip and makes traction again by holding the penrose. Revise the crural dissection once again.

3.5. Division of short gastric veins

For adequate mobilization of the fundus, this is usually necessary. Your assistants should 
change the robotic monopolar with the robotic ultrasonic scissors (or Vessel Sealer) at this 
point. Approximately at one-third of the greater curvature length, make a window entering 
the omental bursa. Proceed cephalad with slow division of the short gastrics until the penrose 
drain at the gastroesophageal junction is met. Soft adhesions of the posterior gastric wall to 
the pancreas should be divided as needed. This part of the operation may be particularly 
troublesome and needs additional care as one proceeds proximally in tight proximity to the 
spleen, which can be easily injured. Use your second arm to gently retract the stomach and 
ask the bedside assistant to retract the omentum laterally. In this way, you should always find 
the correct plane to divide the short gastrics. In case of a minor hemorrhage, do not hesitate to 
put a sponge inside. This may immediately clean the field and help you identify the bleeding 
source (Image 8).

3.6. Suturing the crura

Now, proceed to close the defect of the hiatal hernia.

Many authors suggest that aNr.48-50 bougie should be in place while closing the crural 
defect. The authors have stopped using a bougie for Nissen fundoplications, early in their 
experience (Image 9).

Ask the assistant to pull the stomach laterally and superiorly in order to expose lower junc-
tion of the crura. Also, ask him to introduce a short piece of suture through port #1 (No. 2-0, 
nonabsorbable suture, 15 cm for every two stitches) and to change your robotic instruments 
with robotic needle holders. Suture the crura with thick bites and make sure to include the 
peritoneum to strengthen the suture. In addition, the use of pledgets is also advisable, espe-
cially in large defects. Use a figure-of-eight type of suturing. Usually 2–3 sutures are adequate. 
Robotic suturing is performed in an open-surgery fashion, that is, you simply rotate one arm 
around the other holding the end of the stitch. Laparoscopic suturing skills are not necessary 
for this phase of the operation.

3.7. Creating the wrap

Push part of the fundus toward the posterior window and then use the robotic forceps (Arm 
#2) to pull the fundus behind the esophagus. Do not try to do this in one step because the 
instrument may easily injure the gastric wall. Ask the bedside assistant to hold the fundus 
at this position and reposition your forceps by a larger (more secure) bite. Now pull the rest 
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of the fundus and bring it in front of the esophagus. You may assess tension of the wrap by 
gently pulling and pushing the fundus around the esophagus as you hold it at this point 
(shoe-shine maneuver). If your mobilization is adequate, the wrap should stay around the 
esophagus, else it may return at its initial position, outside the posterior window, which 
denotes that further posterior dissection may be necessary (Image 10).

Image 8. (a-e): Snapshots from various phases of mobilizing the gastric fundus by division of the short gastrics. Note the 
difficulty as the dissection proceeds proximally and closer to the spleen.
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3.8. Anchoring the wrap

Assess the anterior surface of the stomach in order to anchor your wrap properly. Remove 
any large lipomas near the point of anchoring by using the ultrasonic scissors (or the newer 
Vessel Sealer). After that using the maneuvers described above, introduce once again a suture 
of the same nonabsorbable material and ask for the robotic needle holders in your hands. 
Approximate the left to the right part of the fundus and suture them together making a fig-
ure-of-eight stitch. These stitches should pass through all gastric wall layers and part of the 
anterior esophagus should be included with partial thickness bites. Many authors suggest 
securing the wrap to the diaphragm using two coronal sutures (left and right). This is not 
included in the standard technique of the authors. After completion of the anchoring, the 
assistant’s 5 mm grasper should be able to pass below the wrap (maneuver to make sure that 
a “floppy Nissen” has been accomplished) (Image 11).

3.9. Final check and removal of instruments

Irrigation and suction is not necessary if no bleeding occurred during surgery. Remember 
to remove any material used during the procedure (failed clips, sponges, periesophageal  

Image 9. (a-d): Snapshots from various phases of closing the defect by suturing the crura.
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Image 10. (a-c): Mobilization is adequate because the wrap remains around the esophagus after cessation of the traction.
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Image 10. (a-c): Mobilization is adequate because the wrap remains around the esophagus after cessation of the traction.
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lipomas, lymph nodes, etc.) at this stage. Remove all instruments under direct vision, starting 
by the liver retractor which must be followed to the deep-seated fourth port in the right lower 
abdominal wall (Image 12).

Image 11. (a-d): Snapshots from suturing the wrap for fixation in its final position.

Image 12. Final result of the operation.
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3.10. Skin closure and wound dressings

If an OptiView technique was used for pneumoperitoneum at the beginning, there is no need 
for fascial closure. In case of open (Hasson) technique, a single figure-of-eight fascial suture 
is enough. Monofilament suture materials have been used to close the skin intradermally. 
Apply steri-strips and cover with water-resistant dressings.

4. Special considerations and hazards

• The large paraesophageal hernia

In the challenging case of large paraesophageal hernia, the technical difficulty of the operation 
rises significantly, and an experienced team should be called in. Soon after initial dissection 
at the crural region or even before this, assessment of the herniated content should be estab-
lished. An effort to reduce the herniated viscera should be tried after complete adhesiolysis 
around the esophagus. Careful separation of the hernia sac and mobilization of the large 
accompanying lipoma should be anticipated in addition to the standard phases of the opera-
tion. Injury to the esophagus, to the vagal branches, or significant hemorrhage can occur dur-
ing these stages.

• The short esophagus

Patients with advanced gastroesophageal reflux disease may present with a short esophagus. 
In practice, the surgeon should be able to differentiate between a truly short esophagus and 
an apparently short esophagus, which is more common and means that esophageal mobili-
zation should be performed. The robotic system permits fine dissection in the narrow para-
esophageal spaces even high in the mediastinum. Thus, the myth of a short esophagus should 
be treated with extensive mediastinal dissection of the lower esophagus (which accord-
ing to the authors is usually enough), before a lengthening procedure is considered (Collis 
gastroplasty).

5. Postoperative management

• After completion of the operation, all port sites are injected with a solution of 20 ml of ropi-
vacaine hydrochloride (2 mg/ml).

• The nasogastric tube is usually removed at the end of the operation.

• Normally, on the night of surgery, patients can receive oral fluids and should be mobilized.

• After a normal postoperative course, patients can usually be discharged within 48 h.

• Soft diet is suggested for the first 10 days after the operation.
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lished. An effort to reduce the herniated viscera should be tried after complete adhesiolysis 
around the esophagus. Careful separation of the hernia sac and mobilization of the large 
accompanying lipoma should be anticipated in addition to the standard phases of the opera-
tion. Injury to the esophagus, to the vagal branches, or significant hemorrhage can occur dur-
ing these stages.

• The short esophagus

Patients with advanced gastroesophageal reflux disease may present with a short esophagus. 
In practice, the surgeon should be able to differentiate between a truly short esophagus and 
an apparently short esophagus, which is more common and means that esophageal mobili-
zation should be performed. The robotic system permits fine dissection in the narrow para-
esophageal spaces even high in the mediastinum. Thus, the myth of a short esophagus should 
be treated with extensive mediastinal dissection of the lower esophagus (which accord-
ing to the authors is usually enough), before a lengthening procedure is considered (Collis 
gastroplasty).

5. Postoperative management

• After completion of the operation, all port sites are injected with a solution of 20 ml of ropi-
vacaine hydrochloride (2 mg/ml).

• The nasogastric tube is usually removed at the end of the operation.

• Normally, on the night of surgery, patients can receive oral fluids and should be mobilized.

• After a normal postoperative course, patients can usually be discharged within 48 h.

• Soft diet is suggested for the first 10 days after the operation.
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6. Future perspectives—single-site robotic Nissen

Single-site robotic Nissen was reported using da Vinci straight instruments through lapa-
roscopic single-site trocars [7, 8]. In May 2011, Konstantinidis et al. reported the first sin-
gle-site robotic Nissen using the single-site curved instruments. The port was placed two 
fingerbreadths above the umbilicus and laterally to the midline. A cholecystectomy took place 
using the same trocar, before attempting the fundoplication. Although some exposure prob-
lems were recorded, the procedure was completed uneventfully. Single-incision surgery may 
prove to give an additional benefit to the use of robotics in surgery by providing steady three-
dimensional image and intuitive instrumentation through a single 2.5 cm incision. Results of 
robotic fundoplication have been promising from numerous studies [9–15]; but up to now, 
supporters failed to publish an evidence-based proof of its superiority versus existing laparo-
scopic techniques [16–18].
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Robotic technology has increasingly been preferred by the medical professionals since 
they have been used for several clinical applications. Medical robots are preferred since 

they present better results compared to traditional methods such as smaller incision, 
higher accuracy, and lesser recovery time. Medical robots can be divided into three 

progressive generations. The first-generation robots were originally industrial robots 
that had been modified for performing medical applications in orthopedics, neuro-

surgery, radiology, and radiotherapy in the 1980s. The second-generation robots have 
been especially developed for executing surgical operations in the 1990s. After the 

2000s, the third-generation medical robots have been designed for performing diffi-
cult surgical and medical operations. From the first approved surgical robot AESOP to 

the current da Vinci Surgical System, there have been several different kinds of sur-
gical robots produced until now. Although the history of surgical robots is very short 
compared to the history of surgery, thousands of surgical robots have been installed 
in hospitals worldwide, and hundreds of thousands of people have been treated by 

these surgical robots. Nowadays, the achievements of the surgical robotics amaze both 
medical professionals and the patients. It is noteworthy to follow up on the evolution of 

surgical robotics in the future.
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