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Preface

In the last few decades, surgical procedures have seen remarkable advancements
through disruptive technologies. The introduction of minimally invasive techniques
in surgery has revolutionized the way surgical procedures are performed, allowing
for faster recovery times, less pain, and fewer complications for patients. The next
step in this evolution is robotic-assisted surgery, which is expanding rapidly and has
the potential to be the most significant advance in surgery for generations to come.

The current robotic platform, the Da Vinci system, is the product of an evolution
that began with the US Department of Defense’s efforts to provide advanced surgical
care to frontline soldiers from remote locations. The system’s enhanced dexterity,
based on an anthropomorphic model that mimics the human hand’s range and
freedom of movements, has allowed both average and skilled surgeons to push the
envelope in the complexity of minimally invasive procedures. The robotic approach
has now permeated essentially every specialty in surgery.

The true potential of robotic surgery lies in two new dynamics between patient
and surgeon. The master-slave relationship, where the surgeon is remote from the
patient and controls a slave patient cart that is attached to the patient, enables
telepresence and will have a profound impact on delivering complex care to remote
locations from a command center. It will also dramatically facilitate professional
education and collaborative surgery. The digital interface, which allows the
collection and manipulation of data that can be used for diagnostic or interventional
purposes, represents an even greater potential.

Currently, the robotic approach has permeated practically all surgical specialties.
This book is the first comprehensive overview of the role of robotic surgery devices
in all surgical specialties. It is intended to give a historical perspective of the
evolution and applications of robotic surgery in each surgical specialty. In
recognition of the importance of understanding emerging technology and future
robotic platforms, this book also provides an overview of the potential impact of
this technology on the future of surgery.

Each chapter in this book is written by recognized leaders in their field, examining
specific applications of robotic surgery in a surgical specialty. The authors provide
detailed technical aspects of each existing platform and the surgical procedures
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performed using this technology, as well as the results of these techniques. The
editors appreciate the participation of these expert surgeons in this effort, and we
hope that this comprehensive resource will advance the practice of robotic surgery.

Sao Paulo, Brazil Joao Padua Manzano
Sao Paulo, Brazil Rafael Silva de Aratjo

Sao Paulo, Brazil Lydia Masako Ferreira
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History of Robotic Surgery

Lydia Masako Ferreira, Rafael Silva de Araijo,
and Catherine Maureira Oyharcabal

The first appearance of species currently described as “robots” refers to the work
“Iliad” by Homer, book XVIII, from the fifth century Bc. In it, it was found the
activity of creating beings made of metal and gold with their own movement
designed by the god of metallurgy, Hephaestus, to serve him in his tasks. In the
course of history to the present day, the image of these beings has acquired different
features, moving between heroes and villains in different scenarios of prosperous
futures or fanciful dystopias [1].

Despite the description in the Antiquity period, the first time that the term “robot”
was used comes from the Czech play “Rossum’s Universal Robots,” written in 1920
by Karel Capek. According to the translation of the play in the work Rossum’s
Universal Robots (Tchéapek, 2010, p. 16), it is described that the word robot comes
from the Church Slavonic term rob, which means slave, and that as a feminine noun
in the Czech spelling robota, it translates to forced labor or strenuous physical
labor. Thus, in the theatrical work, the word robota was used to refer to metal
beings with an image similar to man and which translates to “servants” whose
destiny and function was previously established: to fulfill what human beings had
not had the ability or intention to perform [2, 3].

It can be seen during the play that the boring activities dedicated to the dozens of
replicas allowed human beings more time to dedicate themselves to other intellec-
tual activities, to leisure, and to idleness. In the end, Tchapek describes the awaken-
ing of the robots’ consciousness in his narrative, which face their dominators with
the saying: “The human stage is outdated. A new world has begun! The government
of robots!’[3].

L. M. Ferreira (P<) - R. S. de Aradjo
Plastic Surgery Department, Universidade Federal de Sao Paulo, Sdo Paulo, Brazil
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What at first was just a science fiction dream that brought alternative realities and
extraordinary battles in the field of Literature gradually brought new tools to human
daily life, especially with the advancement of technologies and innovations. In the
field of medicine, in the 1980s, there were already specific computer systems that
guided certain procedures, such as the case of Robodoc for hip replacement surgeries
in orthopedics or the Programmable Universal Machine for Assembly (PUMA) 200
for performing neurosurgical biopsies. During this period, based on a proposal
made by the United States Army (USA), the spark was lit for the insertion and
idealization of the use of robotic machinery in surgical fields [4, 5].

The main idea of this request was based on the possibility of allowing the arrival
of medical aid in military camps of difficult access, changing the previous paradigm
of transferring the injured soldier to the nearest hospital and bringing the new
concept of taking the operating room to the support unit. In this way, it was hoped
to change the precept from “Golden Hour” to “Golden Minute,” allowing for
immediate intervention and improving the survival of seriously injured soldiers [5, 6].

The pioneering prototypes depended on previous studies by researchers at the
National Aeronautics and Space Administration (NASA) and Scott Fisher, who
developed a screen attached to the face through a helmet to allow a three-dimensional
(3D) virtual environment. For the creation of a telepresence device, engineer Dr.
Phil Green from the Stanford Research Institute (SRI), a program funded by the US
government, Colonel Richard Satava, and other members of the SRI team developed
what was called a “telepresence surgery system,” also known as the “SRI system,”
consisting of a surgeon’s workstation and a remote surgical unit [7].

This public initiative prototype contained a pair of instrument handlers at the
surgeon’s station that transmitted their movements to the remote surgical unit
attached to the patient. These gauntlets did not contain an articulating wrist and
therefore allowed movement in only four degrees of freedom compared to the seven
possible degrees of being performed by the human hand. They were positioned
below a mirror in order to give the illusion that the instrument handles in the
surgeon’s hand were attached to the tips projected in the image seen on a monitor.
As there was a simple video system, this phase required the use of polarized light
glasses to create a 3D image [7].

In the remote surgical unit, instruments could be changed through a twist lock
mechanism, making it possible to use needles, intestinal forceps, scalpels, and
electrocautery. A point that differentiates the SRI system from current ones is the
presence of tactile feedback from force sensors in the distal portion of the
instruments, which transmitted sensations to the surgeon and prohibited movements
from a certain degree of resistance encountered during the intraoperative [7, 8].

Although it was initially designed for use in open surgery, in 1989, Colonel
Richard Satava watched the presentation of a videotaped laparoscopic
cholecystectomy performed by Dr. Jacques Perrisat at the Society of American
Gastrointestinal and Endoscopic Surgeons (SAGES). This milestone made him
bring to the SRI team the idea of promoting the transition from the robotic
laparotomy system to a laparoscopic model. At the time, Colonel Satava argued that
the robotic telepresence system offered a solution to difficulties with traditional
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laparoscopic tools, such as providing better-definition stereoscopic vision, improved
dexterity, reduced tremor, and motion scaling, that could improve a surgeon’s
performance beyond their physical limitations [7].

Such action resulted in Colonel Satava’s invitation to the Advanced Research
Projects Agency in 1992 (ARPA, which became the Defense Advanced Research
Projects Agency [DARPA] in 1993) to develop the telepresence system for potential
military applications. With the aim of improving military medicine, mobile units
were developed with the telepresence system coupled with tests on mannequins.
Despite these initiatives, the system was never used in humans, opting for the exit
strategy of patenting it between 1993 and 1994 during the performance of various
tests on both live and nonliving models [7, 9].

Created in 1990 and originating from the private initiative of Dr. Yulun Wang, the
Computer Motion Inc., from Santa Barbara, California, USA, initially aimed to
develop an endoscopic support. Along with funding from NASA’s Small Business
Innovation Research Grant, complemented by DARPA, in 1992, the first robotic
prototype was released, approved for use in humans by the Food and Drug
Administration (FDA) in 1994, called the Automated Endoscopic System for Optimal
Positioning (AESOP) [9].

Its first version, AESOP 1000, was composed of a single mechanical arm cou-
pled to a laparoscopic optic and its control could be performed by pedals. Later
versions brought changes, such as the use of voice control in replacing the pedals in
the AESOP 2000 and increasing degrees of freedom of movement in the AESOP
3000. In 1996, the HERMES system was announced, which incorporated voice con-
trol and haptic feedback into other operating room components, such as lighting or
operating table movement, in the so-called AESOP HERMES Ready (HR) [9, 10].

When envisioned, the AESOP was designed to provide improved video image
stability and eliminate the need for an auxiliary to hold the optics. Such ambitions
were acquired in practice, but it was realized that the operative procedures still
required the need for slight movement of the camera from time to time and the
surgical team [8, 9].

In 1998, the same company that created the AESOP developed the ZEUS Robotic
Surgical System®, in Goleta, California, USA. It consisted of a mechanical arm
intended for optics and two independent arms with four degrees of freedom, all
attached to the operating table. This system enhancement allowed the introduction
of the telepresence concept of robotic surgery from a console. This surgeon’s
handling device consisted of a video monitor and two handles capable of controlling
the instruments in a two-dimensional interface. The ZEUS system was used both in
fallopian tube anastomosis and coronary artery grafting in 1998 and 1999,
respectively [7].

However, the most successful milestone for this robot comes from Operation
Lindbergh, the first transatlantic surgery, performed in 2001. Charles Augustus
Lindbergh (1902-1974) was the American aviator who became the inspiring name
for this surgery due to his heroic act of planning and performing a solo flight from
New York to Paris in 1924, becoming a symbol of American freedom, pride, and
daring [11].
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Operation Lindbergh consisted of a cholecystectomy performed by Jacques
Marescaux, a surgeon located in New York, on a patient located in Strasbourg,
France. The ZEUS robot used the SOCRATES telecollaboration system, which
allowed the control of robotic arms across the Atlantic Ocean. The result was the
success of the operation, whose total duration was 54 min, without technical
incidents [11, 12].

Concurrent with the period of development of the ZEUS system, another com-
pany created in California in 1995, called Intuitive Surgical Inc., brought its first
model to the market: Lenny, an abbreviation for Leonardo. Lenny, whose prototyp-
ing continued from where the SRI system had stagnated, took a differential leap by
adding a robotic pulse to handling instruments. Such action promoted the addition
of the seven degrees of freedom of movement of the human hand to the robot,
improving the surgeon’s skill and field of action. In addition, the use of glasses with
lenses synchronized with the video monitors increased vision, but the manual fixa-
tion of the three robotic arms on the operating table took a long time to prepare the
room and limited the surgery. Although animal tests were performed in 1996, it was
not considered mechanically reliable and still did not provide the surgeon with a
very high-quality view of previous events [6, 12].

In 1997, the second generation of Intuitive, Mona, was released in honor of
Leonardo da Vinci’s Mona Lisa. This was the company’s first robotic surgical
system to be used in human trials. Unlike Lenny, Mona had an interface with four
rotating ports of interchangeable instruments that could be exchanged intraoperatively
in a sterile field. Mona’s first procedure was a cholecystectomy, performed the same
year by Jacques Himpens, a bariatric surgeon at Saint-Blasius General Hospital,
Belgium [7, 8].

Despite the success of the surgery, flaws in this system were noticeable, such as
the absence of an arm for the endoscopic camera, requiring an assistant to hold it,
the fragile coupling of the instruments, and the difficult configuration of the
equipment [6, 7].

In 1998, it was launched the robotic platform that would become the one with the
greatest impact and employment today: the da Vinci® system. Different from
previous robotic systems, the da Vinci obtained the differential of bringing greater
ergonomics to the surgeon’s movements from the increase of seven degrees of
freedom, with two axes of axial rotation, and better convenience when coupling the
stereoscopic viewer and the control pedal of the mono- or bipolar power to the
surgeon’s console. The robot consisted of three arms, two to hold the instruments
and one to support the new 3D endoscopic camera, joined to only one exoskeleton,
dispensing time to assemble each arm to the operating table [8, 13].

Its first iteration in human trials took place the same year as it was launched in
Mexico, Germany, and France in procedures that included cholecystectomy, Nissen
fundoplication, thoracoscopy mastectomy, and mitral valve repair. Its first
commercial sale took place in late 1998 to the Leipzig Cardiac Center in Germany,
and within a year another ten units were sold across Europe. To prove the safety of
this new technology, about 300 robotic surgeries were performed on the same
continent, especially cholecystectomies and fundoplications. Other registered
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surgeries were tubal reanastomosis, correction of inguinal hernias, intrarectal pro-
cedures, and hysterectomies [8, 14].

In the 2000s, the da Vinci system obtained approval for use in abdominal proce-
dures by the FDA; however, by claiming the equivalence of the da Vinci technology
with that of Mona, Intuitive Surgical Inc. was able to extend the authorized regions
for the procedures. In 2002, based on the growing need, the company added a fourth
arm to the current version to aid in the presentation of anatomical structures [6, 13].

As sales, enrollment, and employment of the new technology soared, in the fol-
lowing year, Computer Motion Inc. merged with Intuitive after a legal battle, halting
development of the ZEUS system and migrating all efforts to the latest model [7, 9].

In 2006, Intuitive launched the da Vinci S system, in which it implemented sim-
plifying handling of the operating system and improving quality of 3D endoscopic
camera vision. In 2009, the da Vinci model was reformulated to its da Vinci Si ver-
sion, the most widespread platform in the world. As a highlight, the dual console
technology was introduced, which allows cooperation between two surgeons, either
intraoperatively or in the training, and supervised simulation of surgeons. In addi-
tion to these aspects, the images presented to the surgeon obtained further improve-
ments with the incorporation of the Firefly system, a technique for applying and
acquiring fluorescence images in real time [6].

In 2014, the da Vinci Xi platform reached global markets with the insertion of an
exoskeleton adjustable to the patient’s table from any positioning angle and an
integrated table motion (ITM), which allows repositioning intraoperatively, without
the need to reposition the robot. Both features reduce both surgical time and the
time required for equipment assembly and preparation. Likewise, the endoscopic
camera has received further 3D image quality improvements with the possibility of
reversing the camera angle by the surgeon at the console, eliminating the need for
an assistant. Over the years, the most recent version announced by Intuitive is the da
Vinci SP, in which a single specialized arm for minimally invasive single-port
surgery features three instruments and a camera articulated to narrow spaces [6, 15].

After FDA approval in the early 2000s, the Vattikuti Institute of Detroit,
Michigan, was the first to document the so-called “Vattikuti Institute prostatectomy,”
which become commonly recognized as one of the most performed procedures in
this area: robotic-assisted prostatectomy. Nowadays, several specialties already use
robotic surgery, such as gynecological surgeries for benign diseases, orthopedic
surgeries for spinal procedures with lower risk of spinal cord injury,
otorhinolaryngology and head and neck surgery for oncological procedures with
reduced complications, and, in particular, the areas of urological surgery and surgery
of the digestive system [5, 13, 15].

In 2018, the British company called Cambridge Medical Robotics Surgical
(CMR Surgical) launched the Versius® robotics platform. According to Luke Hares,
the company’s chief technology officer, the platform was developed to address
some of the limitations and needs not met by previous robotic systems. First, the
system’s manual controllers were ergonomically designed to optimize the surgeon’s
comfort, seeking to avoid neck pain and low back pain. Next, the surgeon’s console
has an open (i.e., non-immersive) design that allows the surgeon to maintain
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communication with his team during surgery and is height adjustable, giving you
the option of sitting or standing during the procedure. Visual feedback is provided
by the console surgeon’s “head-up display,” which displays 3D video from the
endoscopic camera with an image overlay. Finally, the arms of the instruments have
about eight joints, providing seven degrees of freedom of precise and stable
movement during the procedure, and it is worth noting the small size of the robot,
facilitating docking and transport [16, 17].

Over the years, studies have shown that the use of the robotic platform reduces
blood loss and the need for blood transfusion, mean pain scores, and hospital stay
compared to the open procedure. On the other hand, there are disadvantages, such
as longer operating time depending on the surgery, complex installation process
depending on the model used, costs, and lack of tactile feedback [4, 14].

However, perspectives indicate that robotic-associated procedures are a safe real-
ity, superior in several patient-related elements compared to the laparotomy tech-
nique and comparable in some of these data to laparoscopy depending on the
surgeon’s experience and the procedure performed [14]. Despite this, it is noticeable
that the history of robotic surgery is far from over, with the potential for the creation
of new tools, new systems, and professionals in continuous adaptation of procedures
from different specialties for use with robotics in search of excellence in the surgical
results of patients.
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Robotic Devices in Aesthetic Plastic
Surgery

Marco Aurélio Faria Correa

1 Introduction

We are seeing an increasing number of female and male patients presenting with
small- and medium-size abdominal wall deformities coming to our clinics asking
for minimally invasive and scarless procedures that can effectively improve their
core muscle and the aesthetic appearance of the abdomen. In many cases the
problem is not the cosmetic aspect of the skin, nor striae, nor the redundant folds of
skin, nor overweight or abdominal lipodystrophy, but rectus diastasis (Figs. 1, 2, 3,
4,5,6,7,8,9, 10, and 11). They complain that despite working hard at losing
weight, having a strict and rigorous workout regime, they cannot get rid of that
bulging stomach and/or the periumbilical deformity (sad belly button). The
weakening of the musculoaponeurotic abdominal wall due to congenital conditions,
weight variation, aging, or pregnancy is a frequent cause of rectus diastasis and/or
umbilical hernia that can alter the cosmetic aspect of the abdomen [1, 2]. The rectus
abdominal muscle plays an important role, not only in the cosmetic appearance of
the abdomen but also in the stability of the spine. Depending of the degree of the
rectus diastasis, it can lead to a vicious posture, spine problems, back pain, slipped
disc, etc. Rectus plication can effectively restore function, providing a balance
between the anterior and posterior muscle of the abdominal wall, and improve the
cosmetic appearance of the abdomen [1, 3]. The long-term evaluation by
ultrasonography and CT scan of the plication of the anterior rectus sheath [4, 5] as
well as our long-term clinic follow-up (Fig. 12) has shown the efficiency of the recti
plication when properly performed.
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Fig. 1 Mini-abdominoplasty with mini-dermolipectomy done in 1986 caused an anatomical
deformity by lowering the umbilicus position

Fig. 2 Minimal scar abdominoplasty: xiphoid-pubic rectus plication, lipectomy, and no skin
removal—performing the whole procedure using the previous “C-section scar” with the aid of
light source retractors
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Fig. 3 Before and after minimally incision abdominoplasty
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Fig. 4 Endoscopic abdominoplasty scars hidden inside the navel/umbilical and inside the pubic
hair-bearing area
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Fig. 5 Before and after endoscopic abdominoplasty
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Fig. 6 Endoscopic abdominoplasty with 20 years of follow-up showing the maintenance of the
result of the rectus plication even after patient aging 20 years and putting on 8 kg

| 3 AL

Before After 35 days After 2 year

Fig. 7 Long-term follow-up of endoscopic abdominoplasty after 35 days showing a very fast
recovery with minimal swelling. After 2 years showing maintenance of the result of the rectus
plications and fat plication
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Before After 1 year After 5 year

Fig. 8 The before photo shows a patient who had abdominal deformities after the delivery of
twins and was 8 kg overweight. At 1-year follow-up the patient cut down 8 kg. After 5 years
post-op, the patient put back 5 kg. We observe the long-term maintenance of the result
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Fig. 9 Endoscopic abdominoplasty performed through C-section scar: before and after
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Fig. 10 Robotic abdominoplasty: before and after 3 months and 1 year. After three pregnancies a
42-year-old very fit patient started to suffer from a moderate to severe degree of rectus diastasis
that was causing her back pain and urinary issues (urgency to pass urine and leaking urine when
coughing and practicing sports). The patient had tremendous improvement in her spine and urinary
issues after repairing rectus diastasis. We can observe in the frontal view the RD all along the
whole abdomen before and the improvement after. In the profile view we observe an acute
angulation of her spine and a bulging projection of her abdomen on the before view and a nice
improvement after; in the semi-profile view we can observe a global improvement of the function
of her core muscles
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Before 5 months Post Op After 1 Year

Pre-Operation 5 months Post Op 1 Year Post Op

Fig. 11 Robotic abdominoplasty—before, after 5 months and after 1 year. We can observe impor-
tant improvement in her posture, a new definition of her core muscle, and in the hanging abdomen
before and the new capacity of holding her abdominal viscera after
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Fig. 12 Set of instrument
developed by the author

2 Evolution of Thought

By analyzing the results of mini-abdominoplasty in the treatment of small- and
medium-size abdominal deformities, I have drawn the following conclusions:

e Plication of the lower abdominal rectus may cause a protrusion of the upper
abdomen; therefore, rectus plication from the pubis to the xiphoid process is
required.

* Small skin resections in the lower abdomen will not help in the flabbiness of the
abdomen and may cause dog-ears and/or long scars, so I recommend no skin
resection and work through smaller incision possible in patients presenting with
good skin elasticity.

e The reposition of the umbilical scar below its original position may cause a dis-
tortion of the patient’s original anatomy and an unnatural and weird appearance,
so [ recommend reinserting it in its original site.

3 Evolution of the Method: From the Light Source
Retractors to Endoscopic and to Robotic Methods

In 1989 I started performing mini-abdominoplasty without removing any skin, just
using the previous C-section scar, with the aid of light source retractors freeing the
umbilical scar, performing a xiphoid, pubic rectus plication, and lipectomy, and
reinserting the umbilical scar in its original site (Figs. 2 and 3)—minimal scar
abdominoplasty technique.
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The beautiful results achieved by effectively treating the cosmetics and func-
tional deformities through minimal incisions, without adding new scars, but just by
using the previous scars and even improving it, gave me the enthusiasm.

In 1991 one patient came to me without previous “C-section” asking me if I
could treat her using a very small scar hidden inside her pubic hair-bearing area.
Attentive to the emerging video-endoscopic method, which was so promising,
allowing the surgeons working through very minimal incisions, I had the idea of
using endoscopic methods in plastic surgery [6-9].

Then, at the University Hospital PUC Porto Alegre, I started a research project to
adapt endoscopic methods to the subcutaneous territory for treating patients pre-
senting with rectus diastasis and no redundant skin, working through incisions as
small as 4 cm hidden in the pubic hair-bearing area and inside the umbilical area
[7-10] (Fig. 4). In those days there was a concept that we should not use pressured
gas in the subcutaneous to develop the optical cavity, the working space, due to the
risk of gas embolism when cutting perforators veins during the flap dissection and
also the risk of gas dispersion causing the subcutaneous emphysema. For circum-
venting those risks, I developed a set of instruments to gasless, undermining the
abdominal flap, tenting the flap, and stitching the muscle [6, 7, 9] (Fig. 12).

Attentive to the development of new instruments, machines, and methods in sur-
gery that can facilitate and improve our task and result and with more than 20 years
of follow-up, it shows the effectiveness of the technique and the beauty of restoring
the original anatomy leaving minimal and inconspicuous scars (Fig. 4); in 2013 I
started studying and training robotic surgery with the enthusiasm of going for the
next level, using the da Vinci Robotic Surgery System to perform rectus plication in
minimally invasive abdominoplasty [1].

Robotic surgery is the “gold standard” of minimally invasive surgery in many
surgical fields. The robot high-definition three-dimensional view and the
amplification of images give us a much better depth sensation of the surgical field
than the 2D endoscopic view; it is even better than our naked eyes. Laparoscopic
instruments have a limited range of motion; the robot EndoWrist range of move-
ments is comparable to the human wrist. The surgeon’s hand tremor is transmitted
through the rigid laparoscopic instrument; this limitation makes delicate procedures
more difficult [10, 11]. The superb precision and stability of the robot arms, surgical
field, and instruments, all controlled by the surgeon seated at the console in a com-
fortable ergonomic position, without the need of coordinating camera and instru-
ment movement with a surgical assistant makes the surgery much easier, more
precise, and less stressful [1].

In urology, robotic prostatectomy is such a solid application, presenting so many
advantages over the open methods as well as over the endoscopic methods [11, 12]
that, if a patient has the chance to choose which methods to undergo, the best choice
would be to go for robotic-assisted ones. In cardiothoracic surgery the surgical
robots are also proving to be the key in transforming technically challenging open
procedures like mitral valve repair and heart revascularization into technically
feasible, minimally invasive procedures. In any institution where robotics “da Vinci
Surgical System” is available, the tendency for laparoscopic surgery (in gynecology,
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colon-rectum surgery, and general surgery) is being replaced by robotic-assisted
surgery due to the many advantages that robotic-assisted surgery presents over lapa-
roscopic method [1].

In many surgical fields robots are becoming a promising technology.

In reconstructive plastic surgery it has already been used for the harvesting of
latissimus dorsi in breast reconstruction, supermicrosurgery, hand surgery [10, 13,
14], and hair transplant.

So far I didn’t find in the literature any report of other applications of robotics in
aesthetic plastic surgery [1].

As a cosmetic plastic surgeon I feel it is very interesting that there is a fast-
growing trend for the use of robot for performing trans-axillary robotic thyroidec-
tomy and robot retro-auricular submandibular gland resection [15, 16] procedures
that are improved or tweaked to minimize visible scars or even relocate the scars to
other body areas that could be hidden. Yet little is done in the area of aesthetic plas-
tic surgery, where scarring is of an important concern for patients [1].

After completing my training and certification as a robotic surgeon, I designed
retractors to perform a gasless muscle—aponeurotic rectus plication in the same
fashion as I do endoscopic abdominoplasty. I performed my first case in April 2015
and since then up to now 31 cases are done with no complication and very satisfac-
tory results.

4 Saurgical Robots

The equipment that I am using is the da Vinci Surgical System SI and XI. It consists
of three components: the console where the surgeon sits to operate the robotic arms,
a robotic cart with three or four arms on which the patient sits, and the high-
definition 3D vision system.

It is the surgeon that operates. The robot system does not have autonomy to do
anything on its own; every single movement is operated and controlled by the
surgeon. Sitting at the console, using the joysticks, the surgeon drives the robot arms
and endowrist instrument operating very precise miniaturized tools. Using the feet,
the surgeon controls the camera (zoom in zoom out), monopolar and bipolar cut,
and cauterization, as well as switching use of the second and the third robot-work-
ing arms, without the need of coordinating the movements with an assistant [1].

5 Surgical Technique

I use two different methods: the CO, method and the gasless method. In this chapter
I will describe the gasless method that is the direct evolution of the minimal scar
abdominoplasty. It is the method that I recommend for the beginners.
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5.1 Anesthesia

For endoscopic abdominoplasty, epidural anesthesia or general anesthesia is used.
For robotic abdominoplasty general anesthesia is my preference because after
docking in the robotic arms, the patient should stay still, in a state where she could
move as a reaction to pain or other stimuli. There is a so-called remote center in the
trocar that must stay in place to avoid tearing the skin. All the movements of the
robot arms are around a fixed rotating point.

5.2 Infiltration

Five hundred milliliter of saline solution and 1 mL of epinephrine (1:500,000) are
infiltrated at the area to be undermined in between the fat tissue and the muscular
aponeurosis to facilitate dissection and reduce bleeding as well as in the incision sites.

5.3 Incisions

If a patient presents with previous scars from cesarean sections or other abdominal
surgery (Figs. 6,7, 8, and 9), the surgeon assesses the need to repair the scars as well
as the possibility of using them for access [6, 9].

In endoscopic abdominoplasty technique if there is no previous C-section scar, a
4 cm incision is made at the pubic hair-bearing area and another one inside the
umbilical scar (Fig. 13).

In robotic abdominoplasty I use two incisions of 0.7 cm at the bikini line 20 cm
far from each other to avoid instrumental collision and one incision for the camera
arm at the midline of the patient’s abdomen, inside the pubic hair-bearing area at the
pubic bone level, 3 cm above the vaginal furcula, measuring to 2 cm, and one
“Y”’-shaped incision is made within the umbilical scar (Fig. 14). The umbilical port
is used for the introduction of retractors for tenting the abdominal flap, for supplying
sutures and gauze into the operative field, and for the surgical assistant helping with
laparoscopic instruments if necessary. Liposuction can be done using the same three
incisions in cases of lipo-abdominoplasty (Fig. 14).

The skin of the umbilical scar is detached from its stalk. If there is an umbilical
or paraumbilical hernia to be repaired, I do it before proceeding for the rectus
plication. The umbilical stalk is then transfixed using a 3-0 mononylon suture. The
reinsertion of the umbilicus skin flaps is done after finishing the rectus plication, at
its original site, deep inside the plication [9]. If there is redundant skin at the navel,
a Y-shaped incision is made generating 3 triangular flaps [6, 9], the closure of it will
leave inconspicuous converging scars, following Avelar’s original idea [17]. By
resecting part of these triangular flaps, we treat the redundant skin (Fig. 15) [1, 6, 9].
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Fig. 13 Endoscopic abdominoplasty: (1) team positioning; (2) suprapubic incision; (3) dissection
and identification of the diastasis recti; (4) rectus abdominis muscle inner border demarcation; (5) first
layer of plication using interrupted stitches; (6) cutting tread after stitching; (7) second layer of stitch-
ing, running suture using mononylon 2-0; (8) resulting scar hidden inside the pubic hair-bearing area

Fig. 14 Robotic abdominoplasty: (1) surgeon sitting at the console performing the rectus plication;
(2) drawing the incisions; (3) infiltration of saline solution and adrenaline (1:500,000); (4) Y-shaped
incision at the umbilicus; (5) Faria-Correa retractor tenting the flap to maintain the optical cavity in
a gasless fashion; (6) robot arms positioned and the surgeon performing the rectus plication (1)
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Fig. 15 The surgical sequence of umbilicoplasty technique is as follows:
e Intraumbilical Y-shaped incision

* Three triangular flaps and a wide entrance port

* Partial resection of these flaps to treat flabbiness

* Closure, leaving inconspicuous converging scars

5.4 Dissection and Elevation of the Abdominal Flap

In the gasless method the undermining starts from the umbilicus progressing down-
wards through the midline towards the pubis and from the pubic incision upwards,
or vice versa, to meet each other. The procedure begins with the use of traditional
methods with conventional instruments as far as our eyes, fingers, and instruments
allow us to work safely and comfortably. With the aid of a 4 or 7 mm 30-degree
endoscope, retractors, and the “subcutaneous tomoscope” [9] or electrocautery, we
progress to dissecting a tunnel from the pubic bone to the xiphoid process (Figs. 6
and 13) up to the outer borders of the rectus abdominal muscles to create the optical
cavity. The undermining can be done endoscopically or with the aid of the robot
system. If further undermining is necessary for a proper redistribution of the abdom-
inal flap, we do a blunt dissection, creating tunnels and preserving vessels and
nerves. Tunneling preserves the sensitive innervation of the abdominal wall and
provides faster recovery with earlier reduction of the edema [9] (Fig. 7).

5.5 Recti Plication

We identify the rectus diastasis (Figs. 13 and 16), and with a small cotton bud tinted
with methylene blue, we demarcate the inner border of the rectus abdominal muscle
aponeurosis to be plicated. Plication of the anterior rectus sheath is performed in
two layers, the first layer using 2-0 or 3-0 nylon buried stitches 1.0 cm distant from
each other, and the second layer of two continuous sutures using V-Loc 00 nylon:
one starting from the xiphoid process running till just above the umbilical stalk,
another continuous running suture starting from just below the umbilical stalk to the
pubic bone.

Supra-umbilical or periumbilical flabbiness is frequent (Fig. 17). This deformity
occurs during pregnancy when the abdominal muscles stretch and the subcutaneous
fatty tissue attached to them is pulled away, creating a gap with skin flabbiness in
the region. This subcutaneous fat gap is repaired by suturing the two edges of the fat
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Fig. 16 Robot rectus aponeurosis plication. Surgeon’s HD 3D view in the console. (a) Identify the
rectus diastasis. (b) Draw the inner border of the rectus abdominis using a small cotton bud. (c)
Plication starts using 2-0 nylon interrupted stitches 1 cm distant from each other. (d) Second layer
of plication by using a 2-0 V-Loc nylon running suture

i

Fig. 17 (a) Pre-op showing the rectus and periumbilical fat diastasis. (b) Intra-operation, a view
of the repaired rectus diastasis and the mark of the edges of the subcutaneous fat gap to be repaired.
(c) Intra-op, a view of the rectus diastasis repaired and subcutaneous fat gap repaired. (d) Immediate
postoperative result

tissue together with 4-0 monocryl interrupted sutures. A small hole is left between
the edges to permit these small triangular umbilical skin flaps to pass through it for
the reinsertion into the umbilical stalk, which was previously secured by the spare
suture mentioned earlier [9].
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5.6 Liposuction

If there is any area that requires liposuction, the liposuction will be performed after
the rectus plication. We aspirate only the deep surface of the dermal-adipose flap. In
the undermined areas we use the cannula with the holes facing up. In the non-
undermined areas, we use the cannula with the holes facing down in the traditional
way and liposuction of the deep fat tissue area, creating tunnels, preserving vessels,
and creating a closed vascular system just like what was described by Avelar [18].

6 Results

I have done approximately 20 cases of minimal incision abdominoplasty from 1989
to 1992, approximately 300 cases of endoscopic abdominoplasty from 1992 to 2015,
another 280 cases of endoscopic assisted abdominoplasty and endoscopic abdomino-
plasty (using both the CO, and the gasless method) from 2015 to today, and 31 cases
of robotic abdominoplasty from 2015 to today. I have many robotic abdominoplasty
patients with up 5 years of long-term follow-up (Figs. 10 and 11) and endoscopic
abdominoplasty cases up to 5 and 20 years of follow-up (Figs. 6, 7, and 8). We can
observe an important cosmetic improvement, a much flatter abdomen, improvement
in the posture, and a natural reconstitution of the patient’s original anatomy leaving
minimal scars, and most patients inform an important improvement in their quality of
life by reducing their suffering from back pain and pelvic floor dysfunction.

The rectus plication showed effectiveness and is long-lasting in most of the cases
when the plication method was done using two layers of stitching: first-layer
interruptive stitches with nylon 00 and second-layer running stitches. It failed in a
few patients that didn’t respect the proper downtime and started exercises before
6 months.

I converted the minimally invasive abdominoplasty into a full abdominoplasty in
about 20 cases. After a short period of time, because some patients had some degree
of flabbiness that they did not accept, and other who were happy with the result of
the endoscopic abdominoplasty for many years, after putting on weight and plus the
aging process caused redundant skin, they decided to remove the redundant skin.

Overall the results are very satisfactory when it is done in the right patients with
no redundant skin and with realistic expectations and that don’t want long scars.

7 Complications

The complications in minimally invasive abdominoplasty, both endoscopic and
robotic methods, are the same: seroma (Fig. 18) and hematoma. So far in a total
number of more than 600 cases in more than 32-year experience, I never had one
case of infection and skin necrosis, had some cases of skin surface irregularities due
to the liposuction, and had cases of rectus diastasis failure because the patients
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Fig. 18 Seroma

started physical activities too early, not following the recommendation of 6 months
of no sports but only core muscle re-education exercises. We manage to reduce the
incidence of seroma by reducing as much as possible the undermining area, creating
a closed vascular system [18], and stitching the dermal-adipose flap to the muscle
fascia, and suction drainage would have to be maintained minimally for 2 or 3 days
or until the drainage over 24 h is less than 30 cm? [6, 9].

8 Discussion

A proper understanding of the patient’s concern, a correct diagnosis of the issues
involved, and a clear discussion with the patient about the surgical plan and the
outcomes are paramount.

Treating patients with over-redundant folds of skin, flabbiness, and skin dam-
aged by striae is an easy task. We have no doubt on what to do. Our patients will be
very happy to have a long scar, that will fade as time goes by, in order to have the
ugly and redundant skin removed, to get a new body contouring.

But the situation is not the same when it comes to the treatment of small- and
medium-size abdominal wall deformities. They ask for scarless minimally invasive
procedures that can restore their original anatomy.

Post-gestational deformities are most of the time associated with rectus diastasis
and the stretching of the linea alba that causes a protrusion in the abdominal wall
affecting the function of the core muscle, leading to medical and cosmetic issues.
Rectus diastasis most of the time is not limited to the lower abdomen but extends
towards the whole abdomen—that is why rectus plication from the pubis to the
xiphoid is required for a proper functional and cosmetic result.

Many times, the skin is not the patient’s concern. If the patient’s skin is still pre-
senting with good elasticity, with the capacity to retract, and is also presenting with
a nice cosmetic aspect, cutting a fuse of skin in the lower abdomen will not help in
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treating a small degree of flabbiness, and will just create unnecessary scars, some-
times cause a lowering of the umbilicus positioning, distorting the patient’s original
anatomy, not contributing to the beauty of the result.

Liposuction alone will not be enough if there is a rectus diastasis. Liposuction
can be associated with rectus diastasis in very selected cases of real abdominal
lipodystrophy.

Pregnancies can cause an imbalance of the core muscle. After repairing and
reconstructing the linea alba, a physiotherapy work may be helpful to achieve the
optimal result. We recommend a postural re-education with a specialized
physiotherapist to reinforce the core muscle and a proper healthy lifestyle and
maintenance of the right weight.

Minimally invasive surgery presents many advantages compared to open meth-
ods, like fast recovery, less pain, lower risk of infection, and minimal scars that are
our goals in cosmetic surgery. Plastic surgeons are not well trained in minimally
invasive methods and it will demand a lot of time, cost, and dedication to develop
skills in endoscopic surgery and robotic surgery. Robotic surgery also adds a cost to
the patient and that makes it difficult for some patients to afford. In robotic surgery
an initial limitation is the loss of haptic feedback (force and tactile). Conventional
endoscopy presents with a 2D image view, whereas the da Vinci system presents
with a high-definition precise 3D image that compensates for the loss of haptic
feedback [1].

But, even if minimally invasive methods present advantages over open methods,
what I consider more important in this technique is the new concept in mini-
abdominoplasty: In patients presenting with good cosmetic aspect of the abdominal
skin, good elasticity, and no redundant skin, we should work using minimal inci-
sions and do remove any skin; plication should be performed using nonabsorbable
stitches, at least one layer of interruptive stitches, and extends from the pubis to the
xiphoid process; the umbilical scar should be re-inserted in its original site; and
liposuction should be performed when necessary.

9 Conclusion

We are living a new era in plastic surgery. We have learned a lot about the skin elastic-
ity and capacity to retract. New technologies to help the skin to retract are available.
Rectus diastasis so far still needs surgical treatment. Minimally invasive methods
have shown many advantages over the conventional methods, and scars are one of the
most important concerns in our cosmetic patients. Robotics in aesthetic plastic sur-
gery is still in its infancy, but it is very promising considering its many advantages in
minimally invasive surgery associated with high technology that helps us work
through minimal scars with incisions at remote sites, leaving inconspicuous scars that
are the hallmark of plastic surgery. Over the past 30 years we are seeing an increasing
number of female and male patients coming for the treatment of small- and medium-
size abdominal deformities. Many of them are presenting with rectus diastasis, no
redundant folds of skin, good skin elasticity, and with or without abdominal lipodys-
trophy. They demand for scarless procedures that can effectively correct it. Liposuction
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alone will not be effective enough in many cases. The long-term evaluation of midline
aponeurotic rectus plication, when properly performed, has proved its efficiency.
Plastic surgeons are always looking for tools and instruments that can help us to better
perform our procedures with more precision, efficacy, less trauma, faster recovery for
our patients, and minimal scars. Since 1991 I started using endoscopic methods for
the treatment of the described deformities. The efficacy of the minimally invasive
method was observed in patients with more than 20 years of follow-up, it gave me the
enthusiasm of going to the next level: the “gold standard” of the minimally invasive
video surgery, the use of robot “da Vinci Surgery System” for the plication of the
rectus diastasis. In many areas of application like urology, gynecology, general sur-
gery, neurosurgery, and heart surgery, robot surgery has proved to have many advan-
tages over conventional endoscopic methods due to the robot high-definition
three-dimensional surgical view and amplification of images that makes it much more
accurate than the 2D view provided by the conventional endoscopic methods, the
superb precision and a much larger range of motion of the robot endowrist instru-
ments that are comparable to the human wrist, and the stability of the surgical field,
camera, and instruments, all controlled by the surgeon seated at the console in a com-
fortable position [1]. It is time to stop creating unnecessary scars and using minimally
invasive methods in body contouring plastic surgery. It is time for robotics in plastic
surgery. MILA (minimally invasive lipo-abdominoplasty) is the state of art of 32 years
of evolution of a new concept in mini-abdominoplasty and by the introduction of
emerging technologies of endoscopy and robotic. The Endoscopic version of MILA,
Endoscopic Abdominoplasty awarded by the American Society of Plastic Surgeons
and Plastic Surgery Foundation in 1996 (Fig. 19a) and the Robotic Abdominoplasty
awarded by six societies of cosmetic and plastic surgery in Asia in 2016 (Fig. 19b).
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Fig. 19 (a) Endoscopic Abdominoplasty Technique award by the American Society of Plastic
Surgeons in 1996 “Endoscopic Abdominoplasty Technique”. (b) Robotic Abdominoplasty Technique
received award of recognition in 2016 during the International Congress on “FACE/BODY
COUNTOURING & REJUVENATION”—in recognition of my contribution to plastic surgery
bringing mini-abdominoplasty technique to the next level of a keyhole minimally invasive surgery by
introducing the use of endoscopic methods and robots for rectus plication—robotic abdominoplasty
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Features and Knacks of Robotic Keyhole
Cardiac Surgery

Check for
updates

Ryuta Seguchi, Norihiko Ishikawa, and Go Watanabe

1 Introduction

The da Vinci Surgical System (Intuitive Surgical, Sunnyvale, CA) has revolution-
ized the field of minimally invasive cardiac surgery. While it avoids sternotomy
similar to conventional minimally invasive cardiac surgery via lateral thoracotomy,
the robot provides clear visualization of the operation field and enables precise
movements of its arms, which allows more elaborate surgery compared to those
performed with human hands (Fig. 1).

Robotic cardiac surgery has mainly developed in the field of coronary artery
bypass grafting (CABG) and mitral valve repair (MVR). The da Vinci Surgical
System has played a key role in this development. In the year 1998, Carpentier
performed the first robotic mitral valve repair using a prototypic da Vinci Surgical
System. In the same year, Loulmet et al. performed the first robotic totally endoscopic
coronary artery bypass (TECAB) in an arrested human heart. In the year 2000, Falk
described the first off-pump robotic TECAB using an endoscopic stabilizing device.
In the same year, Chitwood performed the first complete mitral valve repair using
the da Vinci Surgical System [1].

In Japan, the first robotic cardiac surgery was performed by our team in 2005 [2].
In 2009, we established a method to perform robot-assisted totally endoscopic
mitral valve repair using the da Vinci Surgical System [3]. We used the da Vinci S
system until 2018 and then converted to using the da Vinci X system. From 2005 to
October 2021, we have performed 1143 robotic cardiac surgeries. These include
191 cases of CABG, 815 cases of MVR, 98 cases of atrial septal defect (ASD)
closures, 4 cases of ventricular septal defect (VSD) closures, and others.
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Fig. 1 Clear surgical
visualization of tricuspid
valve provided by the da
Vinci Surgical System

In 2019 and 2020, the number of robotic cardiac cases per year in a single faculty
was 212 and 178, respectively, and they were the highest in the world. We would
like to introduce our basic methods and share our experiences.

2 Surgical Methods

2.1 Mitral Valve Repair
2.1.1 Patient Selection and Outcomes

Mitral regurgitation due to degenerative change or annular dilatation meets the cri-
teria for robotic mitral valve repair. Contraindications are active endocarditis, solid
mitral leaflet due to rheumatic change, and severe tethering with a severely enlarged
ventricle.

Ascending aorta clamping is essential for robotic mitral valve repair. Preoperative
computed tomography, preferably enhanced, is crucial for evaluating ascending
aorta calcification. Patients with calcified ascending aorta should avoid undergoing
robotic mitral valve repair. Other exclusion criteria are as follows: (1) severe aortic
regurgitation, (2) severe lung dysfunction which cannot tolerate single-lung
ventilation, and (3) preoperative history of trauma or surgery in the right pleura of
the mediastinum. The third exclusion can be overcome with the use of an
endoballoon, but this device is not available in Japan.

In our method, MVR is completed from four keyholes (Fig. 2). The early out-
come of mitral valve repair in our faculty is described previously by Tarui et al. with
an incidence of 0% mortality, 1.4% cerebrovascular complication, 1.4% reoperation
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Fig. 2 Operative scars of robot-assisted mitral valve repair. The operation is completed from four
keyholes

due to bleeding, 0% new-onset dialysis, 0% reoperation for mitral valve insufficiency
within 30 days, and 9.4% requiring transfusion [4]. Mean operation time was
192 + 49.8 min, cardiopulmonary bypass time was 127 + 23.8 min, and aortic cross-
clamp time was 70.1 £+ 16.2 min [4].

2.1.2 Operative Method

The patient is placed in a supine position and general anesthesia is delivered through
a double-lumen endotracheal tube that allows for a hemi-pulmonary collapse. A
triple-lumen central venous catheter and Swan-Ganz catheter are inserted from the
left jugular vein. A 16 Fr drainage tube is inserted from the right jugular vein with
low-dose heparin of 3000-5000 units. Transesophageal echocardiography is
performed.

Next, the patient is moved to a 30-degree decubitus position. Cardiopulmonary
bypass is established following injection of full-dose heparin. A 22-24 Fr drainage
tube is inserted from the right femoral vein. Combined with the jugular vein
drainage, bicaval drainage is established. In cases with persistent left superior vena
cava, an additional drainage tube is inserted from the left jugular vein. The first
choice for the arterial line is the right femoral artery, due to its ease and safety of
cannulation. In cases where there is calcification and plaques in the descending and
abdominal arteries or insufficient diameter in the iliac arteries, the axillary artery is
selected as an additional substitute.

Right-thoracoscopic robot-assisted procedure is performed through four ports
using a surgical robot system (da Vinci X Surgical System, Intuitive Surgical,
Sunnyvale, CA). Ten-millimeter ports are inserted from the third, fourth, and fifth
intercostal space on the right anterior axillary line. A service port, 20 mm in diam-
eter, is made in the fourth intercostal space on the right midaxillary line (Fig. 3). The
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Fig. 3 Port placements in robotic totally endoscopic mitral valve repair using the da Vinci
Surgical System

retractor port is added only in cases where it is required. The da Vinci Surgical
System is docked to the patient. After pericardiotomy and marking of the right-side
left atriotomy line, double purse-string elastic sutures are placed on the aorta around
the planned site of cardioplegia cannula insertion. An antegrade cardioplegia needle
is directly passed through the chest wall and then inserted through the middle of the
purse-string sutures into the ascending aorta. Flexible aortic cross-clamp is endo-
scopically inserted from the service port. Cardiac arrest is achieved using cold car-
dioplegia. Following left atriotomy, the atrial roof is lifted.

The lesion is determined by the saline test, and mitral valve repair is performed
according to its etiology. Neochordae implantation, French collection, ring
annuloplasty, edge-to-edge techniques, and leaflet augmentation with the
pericardium are available options. The ideal leaflet mitral valve surface is confirmed
by the saline test. Cryoablation with the designated probe (CryoICE, AtriCure,
USA) and endocardial left atrial appendage closure with 4-0 Gore-Tex suture (CV-4;
W.L. Gore & Associates, Flagstaff AZ USA) are performed in a patient with
coexisting atrial fibrillation. The atriotomy is closed with 3-0 Prolene (Ethicon,
Raritan, NJ) continuous suture, and a left ventricular vent tube is inserted from the
incision line. The position is changed to Trendelenburg and a sufficient dose of
hotshot is given. After which, the aorta is declamped. In patients with coexisting
tricuspid insufficiency, tricuspid annuloplasty is performed via right arteriotomy
with the superior vena cava clamped. During closure of the atriotomy, the cardia is
weaned from the cardiopulmonary bypass. Following vent tube extubation,
abolishment of mitral regurgitation is confirmed by transesophageal echocardiogra-
phy. The cardioplegia needle is evacuated from the aorta according to the method
described in Watanabe et al. [5]. Finally, the robot is undocked, cardiopulmonary
bypass is disconnected from the patient, and the scar is closed.
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2.2 Atrial Septal Defect Closure
2.2.1 Patient Selection

Every secundum atrial defect is a candidate for robotic closure. Exclusion criteria is
the same as that for MVR.

2.2.2 Operative Method

The cardiopulmonary bypass is the same as that for mitral valve repair. Under ven-
tricular fibrillation, the operation can be completed using only two ports (Fig. 4).
Bilateral robotic arms are inserted to one scar in a cross-armed fashion (Fig. 5). The
precise method is described by Ishikawa et al. [6].

Fig. 4 Intraoperative view
of robotic atrial septal
defect closure [6]

Fig. 5 Scheme and
operative image of port
setting in two-port robotic
atrial septal defect closure.
The bilateral arms of the
da Vinci S system are
inserted to single 20 mm
port in cross-armed
fashion [6]
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2.3 Coronary Artery Bypass Grafting

The da Vinci Surgical System is tremendously useful in harvesting the left and right
internal mammary arteries (IMA) for minimally invasive coronary artery bypass
grafting. The scar is small, and the risk of graft damage is minimized due to its clear
visualization and precise movement of the arms [7].

Regardless of the side, the port is placed in the second, fourth, and sixth intercos-
tal space on the anterior axillary line. Single-lung ventilation and insufflation
between 6 and 12 mmHg is vital to expose internal mammary arteries. The graft is
harvested in a skeletonized fashion from the region between the adhesion site of the
first rib to the bifurcation of the sixth rib (Fig. 6). When the IMA is covered with
excessive fats and is difficult to visualize, the da Vinci Surgical System’s firefly fluo-
rescence imaging is helpful to detect the exact location of the artery [8]. In cases
requiring harvesting of both the right and left mammary arteries, we usually harvest
starting from the right side. In order to harvest a mammary artery, the robot should
be docked from the opposing side. After peeling off the right graft from the chest
wall, the robot is moved to the contralateral side. When the left graft is peeled off,
heparin is injected. The peripheral portion of the left mammary artery is ligated by
clips and is transected. The mediastinal pleura is then incised to visualize the right
mammary artery. The peripheral portion of the right mammary artery can be tran-
sected via the left pleura with the robot.

Once the grafts are harvested, anastomosis is performed. With the use of the da
Vinci S system and U-clip device (Medtronic, Minneapolis, MN, USA), totally
endoscopic off-pump left internal mammary artery-left anterior descending (LIMA-
LAD) anastomosis can be performed with the robotic arms. The da Vinci S system
is equipped with a stabilizer and blower for totally endoscopic anastomosis [9]. In
other situations, the anastomosis is performed by hand sewing from the incision
made in the fourth or fifth intercostal space.

Fig. 6 Intraoperative image of the left internal mammary artery harvesting with the da Vinci
Surgical System. The artery is harvested in skeletonized fashion
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2.4 Other Procedures

Besides the procedures mentioned above, the da Vinci Surgical Systems are also
applicable in treating ventricular septal defect and atrial tumor [10, 11]. With the
invention of COR-KNOT (LSI SOLUTIONS, Victor, NY), mitral valve replacement
is now performed with the assistance of the robot [12]. Robotic aortic valve surgery
has also been reported [13]. Concomitant surgery, such as combining robotic mitral
valve repair and coronary artery bypass grafting, is also a good option to avoid
sternotomy. It is also possible to combine keyhole left atrial stapler appendectomy
with robotic CABG and MVR [14, 15].

3 Tips for Achieving Safe and Successful Robotic
Cardiac Surgery

Robotic cardiac surgery has unique features which differ from conventional open
surgeries. We herein discuss core concepts and tips to achieve successful and safe
keyhole cardiac surgeries.

3.1 Avoidance of Knot-Tying

Although the da Vinci Surgical System provides precise and artistic movements,
knot-tying using robotic arms is still a time-consuming process compared to tying
by hand. In order for robotic keyhole surgery to proceed smoothly and efficiently,
knot-tying should be minimized. Using continuous sutures rather than interrupted
sutures is one solution. Watanabe et al. reported that barbed sutures (V-Loc,
Covidien, Mansfield, MA) enable continuous suture without knot-tying in mitral
valve ring annuloplasty [16].

However, there are several situations in which knot-tying is unavoidable. In such
cases, the knot-tying technique should be simplified. “Figure-4 knot,” described by
Ishikawa et al., avoids knot loosening and provides solid ligation [17]. “Shape-
memory suture with spiral,” described by Seguchi et al., enables solid hangman
knots without ligation [18]. The suture is useful in additional suture for atriotomy
line hemostasis.

3.2 Controlling the Bleedings from the Aorta

In order to accomplish cardiac operation via total endoscopy, controlling arterial
bleeding, especially from the aorta, is crucial. Incision or injection to the aorta can
be avoided by using an endovascular endoballoon. However, in patients with
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atherosclerosis in the aorta or in countries where endoballoon is unavailable,
injection of antegrade cardioplegia needle to the aorta is unavoidable. The hemostasis
after extubation of the needle is technically demanding, and this is a limiting factor
preventing many faculties from performing the surgery using the keyhole method.

The technique described by Watanabe et al. provides a solution to this problem
[5]. In their method, a double purse-string suture with elastic string is made in
advance to cardioplegia needle insertion. The two ends of the elastic sutures are
clipped together with da Vinci clips. An antegrade cardioplegia needle is directly
passed through the chest wall and inserted into the ascending aorta through the
middle of the purse-string sutures. For aorta clamping, a transthoracic flexible aortic
clamp (Cygnet, Vitalitec International, Balgheim, Germany) is used. The flexible
clamp is inserted through the 2 cm service port into the transverse sinus.

Removal of the cardioplegia needle should be performed before weaning from
cardiopulmonary bypass. While evacuating the needle from the aorta, the elastic
purse-string suture is drawn together by sliding the clips. This provides temporary
hemostasis from the cannula hole. An additional 4-0 Prolene suture (Ethicon,
Raritan, NJ) is placed to ensure hemostasis.

3.3 Securing Clear Surgical Field

Sufficient and continuous atrial blood suctioning is important to achieve clear visu-
alization and stress-free operation. Since robotic arms cannot afford to be used for
suctioning and assistants have difficulty in inserting coronary suctions without
interference, placing a DOBON suction catheter (Senko Medical Instrument Mfg,
Tokyo, Japan) in the bottom of the atrium is useful to obtain a clear surgical field
(Fig. 7). In a right atrial procedure, superior vena cava clamping is vital to avoid
blood filling in the atrium. In contrast, blood from the inferior vena cava can be
controlled by the drainage tube in most cases. In a patient with persistent left
superior vena cava, an additional drainage tube from the left jugular vein is effective
in reducing venous return from the coronary sinus.

Fig. 7 Secured clear
visualization of the mitral
valve with posterior leaflet
prolapse. Suction catheter
placed in the bottom of the
atrium provides a bloodless
surgical field
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Minimally invasive cardiac surgery via the right thoracic cavity has been reported
to be technically challenging in cases with pectus excavatum (PE). Low ceiling
prevents ideal intracardiac visualization. The sternal elevation with the electrical
sternum lifting system, reported by Ishikawa et al., provides a fine visualization of
the surgical field and relieves stress in performing robotic surgery and Minimally
Invasive Cardiac surgery. In cases with severe PE, combining with the Nuss proce-
dure is effective for correcting rib cage deformity from a small incision [19].

3.4 Prevention of Stroke

Prevention of operation-related stroke should be made the highest priority in all
cardiac procedures. Unlike conventional open chest cardiac surgery, there are some
features in robotic surgery which need specific considerations.

First is the difficulty of quick intracardiac deairing before aortic declamping.
This is because ventricle compression is impossible in keyhole surgery. Therefore,
sufficient and gradual filling up of the left atrium and ventricle should be
accomplished during the left atrial wall closure. This could be achieved by filling up
the right cardiac system and expanding the left lung. Blood will be filled antegradely
to the left cardiac system from the pulmonary veins and retrogradely from the
coronary veins to coronary arteries.

Second is the location of arterial line. Since uncontrollable hemorrhage from the
aorta is a concern, the arterial lines for cardiopulmonary bypass are usually
connected to peripheral arteries. Femoral arteries are the most common channel for
feeding blood, and operations can be performed safely in most cases. However, in
cases with moderate to severe atherosclerosis and plaques in the aorta, there are
concerns of cholesterol embolism by the retrograde perfusion. In such cases, an
additional arterial line to axillary arteries must be established.

Third is the difficulty of changing bed positioning during the procedure. When
the da Vinci is docked to a patient, there is always an announcement, “Do not move
the operating table for da Vinci is docked.” Adherence to this instruction is important
for avoiding chest wall and organ injuries while manipulating the robotic arms.
However, it prevents surgeons and anesthesiologists from changing to the
Trendelenburg position at aortic declamping and cardiopulmonary bypass weaning.
Even though it is time-consuming, it is important to undock the robotic ports once
and change the body position to avoid air embolism and maintain the cerebral
circulation.

In other considerations, Nishijima et al. reported that the silent infarction of the
watershed area in the right hemisphere was seen in patients who underwent cardiac
operation with arterial line from femoral arteries [20]. The right hemisphere is the
farthest region from the femoral arteries. In minimally invasive cardiac procedure,
it is vital to maintain sufficient arterial pressure to avoid low cerebral perfusion.
Furthermore, since the right hemisphere is not only farthest but also the highest
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region in left decubitus position, Trendelenburg positioning might be helpful to
maintain circulation in the region, especially during weaning from cardiopulmo-
nary bypass.

4 Perspectives

We herein described the basic method of robot-assisted keyhole cardiac surgeries
with the da Vinci Surgical System. The robot has become widely used in mitral
valve repair, tricuspid valve repair, atrial septal defect repair, and coronary artery
bypass grafting. In the recent years, there have been some reports of its use in
ventricular septal defect closure and valve replacements. With the evolution of
camera flexibility, arm mobility, and invention of new devices, the utility of the da
Vinci Surgical System is expected to broaden.

Moreover, in order to perform safe and advanced operations, concomitant
advances of surgery personnel are also essential. In robotic surgery, the console
surgeon is not the only one who requires a high level of skill. Patient-side surgeons,
anesthesiologists, nurses, perfusionists, and mechanics also require specialized
skills, and mutual respect is important. Lastly, as the operator’s vision is limited to
the surgical field, communication and teamwork are essential for success in utilizing
this cutting-edge technology.
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for Lung Malignancies with the da Vinci Xi
Surgical System
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Abbreviations

HD High-definition

1ICG Indocyanine green

RATS Robot-assisted thoracic surgery
VATS  Video-assisted thoracic surgery

1 Introduction

Robotic surgery, like video-assisted thoracic surgery (VATS), has become a well-
established minimally invasive technique in surgery of the lung [1-4]. The approach
is safe and effective and widely used to treat malignant and benign tumors of the
lung, mediastinal tumors, myasthenia gravis, diaphragmatic plication, and other
diseases. Procedures that can be performed robotically include segmentectomy of
the lung [5], bronchial/vascular resection and reconstruction [6], and chest wall
resection and reconstruction. Robotic surgery provides several advantages, including
high-definition (HD) stereoscopic visualization (Fig. la), improved surgical
dexterity (Fig. 1b), removal of physiologic tremor, reduction of fulcrum effect, and
greater surgeon comfort [7].

The da Vinci Xi surgical system (Intuitive Surgical Inc., Sunnyvale, CA, USA)
utilizes four surgical arms (a camera arm and three working arms), which enables
solo surgery. This chapter provides an overview of robotic devices currently
available for use with the da Vinci Xi surgical system.
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Fig. 1 Robotic endoscope (a) and instrument (b)

2 da Vinci Xi System and Approaches for Lung Cancer

The fourth-generation da Vinci Xi system was released in 2014 followed by the da
Vinci X system in 2017 (Fig. 2). The da Vinci Xi system provides surgeon-con-
trolled three-dimensional HD visualization, multi-quadrant access, Firefly™ fluo-
rescence indocyanine green imaging (Fig. 3), integrated energy, skill simulation,
vessel sealer instruments, and staplers. Three units comprise the da Vinci Xi system:
patient cart, vision cart, and surgeon console (Fig. 4). The vision cart has a large HD
display and serves as the integrated hub for power generation, CO, source, image
processing, and data systems. The robotic arms are controlled by the surgeon at the
surgeon console [8].

Robotic surgery for lung cancer can be performed using a utility incision without
CO, insufflation or complete portal approach with CO, insufflation [7, 9] (Fig. 5).
Advantages of complete portal approach over robot-assisted approach include better
visualization, decreased bleeding owing to CO, insufflation, and smaller incisions
[10]. However, it does not allow intraoperative manual finger insertion into the chest
cavity for palpation.
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Fig. 2 Evolution of the da Vinci system
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Fig. 3 Identification of the intersegmental plane between the left upper division and lingular divi-
sion during left lingular segmentectomy using Firefly™ fluorescence indocyanine green imaging

Port placement for robotic lobectomy varies according to surgeon preference. A
2019 survey of high-volume robotic thoracic surgeons reported that 90% utilized a
4-arm approach and 79% used a completely 4-arm portal approach with CO,
insufflation. In addition, most surgeons used the seventh to ninth intercostal spaces
for the camera and instruments [11]. We preferentially use the port placement
method used by Dylewski (Fig. 5), in which the camera port is placed at the sixth
intercostal space for upper lobectomy and seventh intercostal space for middle or
lower lobectomy (Figs. 6 and 7). A more cranial camera port position enables a bet-
ter operative view for superior mediastinal lymph node dissection. In addition, it
provides a better view of the truncus superior artery.

Adding the above two approaches of the robot-assisted procedure and complete
portal procedure, pure uniportal RATS using the da Vinci Xi and its instruments has
been recently reported performing all types of lung resections, including segmen-
tectomies and (double-)sleeve and carinal resections [12].
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Fig. 4 The three units of the da Vinci Xi system: (a) patient cart, (b) vision cart, and (c) sur-
geon console

RAL (robotic-assisted lobectomy) | RPL (robotic portal lobectomy) |

Dr Veronesi Dr Cerfolio Dr Dylewski

Fig. 5 Port placement for robot-assisted and completely robotic right upper lobectomy. Yellow
circles indicate an 8-mm port. Blue circles indicate a 12-mm port. Purple circles indicate an 8-mm
assistant port. The camera port is indicated by “C”
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Fig. 7 Photographs in the operating room showing port positions and da Vinci Xi system
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3 Robotic Endoscopes

Surgeons may select a 0° or 30° tridimensional robotic endoscope to use during
robotic surgery. Both provide clear three-dimensional HD visualization (Fig. 1a)
and are controlled by the surgeon console. However, the use of the 0° endoscope is
more intuitive, and it has less of a fulcrum effect, which decreases intercostal nerve
damage and related postoperative pain. Nonetheless, some surgeons prefer the 30°
endoscope. Either endoscope can be placed in any arm of the Xi and X systems,
unlike the previous da Vinci systems (original, S, Si), in which the endoscope can
be placed in only one arm.

4 Instruments Used in Robotic Lobectomy

The various instruments for robotic lobectomy using the da Vinci Xi system are
listed in Table 1. With one robotic arm holding the camera, a second is used to con-
trol tissue-grasping instruments such as the Cadiere forceps and fenestrated bipolar
grasper. Instruments for surgical dissection, such as monopolar and bipolar cautery
devices, are controlled using the third arm (Fig. 8). The fourth arm is typically used
for lung retraction [13]; we also use it for stapling (Fig. 6).

Table 1 Instruments of the

N Monopolar cautery
da Vinci Xi system

Curved scissors

Spatula
Hook
Bipolar cautery

Maryland forceps

Long bipolar grasper
Curved bipolar dissector

Fenestrated bipolar grasper

Force bipolar

Clip applier

Medium-large clip

Small clip

Grasper

Tip-up fenestrated grasper

Cadiere forceps

Advanced instruments

Vessel sealer extender

SynchroSeal
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Fig. 8 Monopolar and bipolar instruments

4.1 Robotic Ports

Eight- and twelve-millimeter ports are used with the da Vinci Xi system. Most
instruments can be passed through 8-mm ports except for staplers, which require a
12-mm port because of their larger diameter. Instruments and endoscopes can be
manipulated through the ports without causing much trauma to the chest wall to
minimize postoperative wound pain. This enables earlier ambulation, decreases
length of hospital stay, and allows faster recovery in general.

4.2 Energy Devices

Energy devices are used to dissect tissues, including the pulmonary ligament, lymph
nodes, and perivascular and peribronchial tissue, and to coagulate and divide small
vessels. Monopolar devices include the cautery spatula, curved scissors, and hook
(Fig. 8). Bipolar devices include the Maryland bipolar forceps, long bipolar grasper,
and curved bipolar dissector (Fig. 8).

Monopolar devices have a risk of stray energy transfer [14, 15] and should be
used with caution around the phrenic, vagal, and recurrent laryngeal nerves. Stray
energy transfer by a monopolar L-hook can be reduced by lowering the power
setting, utilizing the low-voltage cut mode (instead of coagulation mode), and
avoiding open air activation [14].
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Bipolar devices are used to dissect, grasp, and transect tissue and achieve hemo-
stasis [16]. Bleeding tissue can be grasped and cauterized. These devices have little
risk of stray energy transfer and can be safely used near nerves. We preferentially
use the curved bipolar dissector because it can dissect tissue more smoothly than
other bipolar devices; however, its bipolar tip is shorter than those of the Maryland
bipolar forceps and long bipolar grasper.

4.3 Fourth Arm

In the fourth arm, the tip-up fenestrated grasper (Fig. 9) is used to retract the lung
and provide an appropriate surgical field like an assistant surgeon would in open
surgery and VATS. This enables solo surgery. Since we also perform stapling with
the fourth arm, staplers are exchanged with the tip-up fenestrated grasper when
needed. Therefore, we place a 12-mm port with a plastic reducer as the fourth arm
port at the beginning of surgery. The plastic reducer for the tip-up fenestrated
grasper is initially placed inside the 12-mm port and used until the stapler is needed.

* EndoWrist Grasper

: s
X

DV_Xi_X_ DV_INST_Xi_X_
Cadiere Forceps Tip-Up Fenestrated
Grasper

* Advanced Instruments

AAI_INST_X_X:_ ] DV_INST_X_Xi_
Vi

essel Sealer Synchroseal
Extend

* EndoWrist Clip Applier
»

Medium-Large Small Clip
Clip Applier Applier
DaVinci Xi, X DaVinci Xi, X

Fig. 9 Graspers, advanced instruments, and clip appliers
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Then, the grasper and reducer are removed, leaving the 12-mm port for stapler
insertion. The other three ports do not usually require instrument exchange, which
decreases operation time.

4.4 Advanced Instruments and Clip Appliers

Advanced instruments and clip appliers are listed in Table 1 and shown in Fig. 9.
The Vessel Sealer Extend can be used as an alternative to bipolar devices to seal
lymphatic vessels up to 7 mm in diameter [16]. Furthermore, some surgeons prefer
using it to divide incomplete fissures between lobes because of its ability to seal air
leakage.

Double medium-large plastic and small metal clips are useful to achieve hemo-
stasis of vascular bundles (Figs. 9 and 10). However, migration of a hemostatic clip
into the bladder has been reported as a complication of robotic prostatectomy [17].
Medium-large plastic clips are used to ligate the proximal side of a vessel before
cutting. To prevent clip migration, a small metal clip is placed adjacent (Fig. 10).
For smaller diameter vessels, two small metal clips are used.

Fig. 10 Intraoperative
photograph of da Vinci
clips. The single asterisk
denotes a medium-large
plastic clip ligating the
proximal side of a vessel
before cutting. The double
asterisk indicates a small
metal clip placed adjacent
to the plastic clip to
prevent migration
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5 Stapling Devices

With the da Vinci Xi system, robotic staplers are controlled directly by the console
surgeon. The surgeon may select an EndoWrist™ or SureForm™ stapler (Table 2,
Fig. 11) [18]. Straight- and curved-tip types are available for both. Staplers with a
curved tip are useful for passing through pulmonary vessels and bronchi, whereas
the straight-tip type is useful for transecting pulmonary parenchyma and incomplete
fissures. As noted above, robotic staplers require a 12-mm robotic port for insertion
and use, while the other robotic instruments can be used through an 8§-mm port.
The EndoWrist™ stapler has several different length and tip combinations: 45 mm
and straight, 30 mm and straight, and 30 mm and curved. Combinations for the
SureForm™ stapler include 60 mm and straight, 45 mm and straight, and 45 mm and
curved. For both staplers, staple cartridges are selected according to stapler length, sta-
pler tip, and length of staple desired (Table 3). SureForm™ staples are shown in Fig. 12.
Differences between the EndoWrist™ and SureForm™ staplers are shown in
Table 2 and Fig. 11. The tip of the EndoWrist™ staplers rotates as an ellipse, 54°
vertically and 108° horizontally. The tip of the SureForm™ stapler rotates as a cone
(120°). Because the SureForm™ stapler tip is thinner, it passes through vessels and
bronchi more easily and safely with less tension to vessels and bronchi. With the
EndoWrist™ stapler, the anvil side of the stapler is opened and closed. In contrast,
the staple side of the stapler is opened and closed with the SureForm™ stapler. that

Table 2 Characteristics of the EndoWrist™ and SureForm™ staplers

EndoWrist™ SureForm™
Articulation Vertical 54°, Horizontal 108° 120° Cone
Thickness of anvil Thicker Thinner
Stapler reload exchange More difficult Easier
Stapler jaw alinement Smart clamp I-beam
Stapler shaft Reusable (50 applications) Disposable
EndoWrist™ SureForm™

& close ;-37

Open & close

60°UP

54°Left

54°Right

60°Down
27°Down

Fig. 11 EndoWrist™ and SureForm™ staplers
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Table 3 da Vinci Xi system stapler cartridges used in our hospital

Iststage 2ndstage 3rdstage  4th stage
30 curved Gray
White
Blue
Green
45 straight Blue
Green
45 curved White
Blue
Green
60 straight Blue @)
Green ©) (O)
Black®l [ON[TOTIOT

O

EndoWrist o

SOoO@o OO0

@O O

SureForm

8 &0 O

‘ SureForm 45 curved tip ‘ ‘ SureForm 60 straight tip ‘

I |

I .| | Incomplete

I 2, | fissure and

I "1 | Bronchus

I 1
Incomplete I o |
ﬁssurepand B\ ! | | Incomplete

! 1 | fissure
Bronchus ’

c

Incomplete
fissure

Pulmonary
vessels

Fig. 12 SureForm™ staplers

makes SureForm™ staplers more safely used for vessels. Therefore, we prefer to
use the SureForm™ stapler. In our experience, most stapling can be performed
using only the 45 mm SureForm™ curved-tip stapler (Table 3).

Because the stapler’s working end is long, a 12-mm port should be placed as
caudal as possible [18, 19] (Fig. 13). Two ports (one anterior and one posterior) can
be useful to provide a variety of stapler angles [18]. On the other hand we use only



54 M. Oda and R. Hamanaka

Fig. 13 A 12-mm port is
required for the use of the
robotic stapler. The port
should be placed as caudal
as possible because the
working end is long

one 12-mm port (Figs. 6 and 13) and the other ports can be 8-mm by using the ves-
sel loop technique [20] or using moving the ground technique when necessary.

The use of robotic staplers has been associated with significantly lower risks of
perioperative bleeding, conversion to open surgery, and possibly air leak and overall
complications compared with the use of handheld staplers; moreover, it does not
appear to increase total costs [21].

6 Conclusion

This chapter provided an overview of robotic devices currently available for use
with the da Vinci Xi surgical system, which can be used to perform numerous types
of robot-assisted and completely robotic lung surgeries, including lobectomy,
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segmentectomy, and other types of resection. Further advances in robotic technol-
ogy will increase utilization of minimally invasive thoracic surgery and increase
quality of care.
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Robotic Devices in Urology

Marcio Covas Moschovas, Joao Padua Manzano, and Vipul Patel

1 Introduction

The concept of using a robotic platform to assist surgical procedures was initially cre-
ated in military medicine to improve the surgical care of wounded soldiers on the
battlefield. The objective of using this technology was to improve the standard of care
from the “Golden Hour” to the “Golden Minute” by bringing the operative room
condition to the battlefield instead of losing valuable time transferring bleeding sol-
diers to local hospitals [1, 2]. In this scenario, faster treatment could be provided
inside the conflict zone while minimizing the risks of losing surgeons and medical
staff in the war. Surgeons could operate on several soldiers wounded in different geo-
graphic locations without being exposed to danger and losing time in transportation.

Although the robotic-assisted surgery concept began in the 1960s, it wasn’t until
the 1990s that the first project was effectively carried out by the US Defense
Department in association with various startup companies [3]. After several years of
technological advancement, especially in the three-dimensional field, the first
robotic-assisted surgery was performed in 1997 in Belgium, with a robotic platform
called “Mona” (da Vinci® precursor) [4, 5]. In the same year, the da Vinci® (Intuitive
Surgical, Sunnyvale, USA) robot was cleared in the USA by the FDA, but only for
visualizing and retracting tissues. Three years later, in 2000, this robot was cleared
for a general surgery approach to Nissen fundoplication and cholecystectomy.
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Two decades after the first robotic surgical procedure, the technology has evolved
through successive consoles and proved advantageous over conventional open and
laparoscopic procedures [6—9]. Robotic surgery played an important role in urology,
especially for approaching the surgical treatment of prostate cancer. Therefore, in
this chapter we described different robotic devices currently being used in the
urologic field.

2 da Vinci® Platform Evolution

Initially designed to approach coronary artery surgery, the da Vinci® robot gained
popularity in urologic surgeries after Binder and colleagues performed the first
robotic-assisted radical prostatectomy (RARP) in Frankfurt (in 2000) [10, 11].
Since then, several da Vinci® robotic models have been released, each with continued
technological improvements including ergonomics, instruments, high-definition
scopes, Endo-wrist™ technology, and single-port surgery [12, 13]. Currently, the da
Vinci® is the most common technology used in robotic surgery worldwide.

2.1 daVinci® Standard

This is the first unit used after the FDA approved robotic surgery in the USA. The
da Vinci® Standard had some limitations due to its archaic technology. It lacked
bipolar instruments and three-arm configuration, which limited hemostasis and
range of motion to work in different quadrants [12].

2.2 daVinci®$

Introduced to the market in 2006, this robot presented some improvements com-
pared to the da Vinci® standard. This model had longer robotic arms which improved
its range of motion, and four arms which provided the option of using an extra
instrument during surgery. In addition, the implementation of bipolar energy
enhanced hemostasis performance during the surgical procedure. Finally, the
creation and adoption of high-definition (HD) scopes led robotic surgery imaging to
a superior level [12].
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2.3 daVinci® Si

Three years later in 2009, Intuitive Surgical (Sunnyvale, USA) launched another
generation of the da Vinci® robot. Named the da Vinci® Si, this model presented
some modifications and upgrades, including finger-base clutching, Firefly™
technology with indocyanine green fluorescence, and scope improvements. In
addition, this generation provided dual-console benefits, which enhanced training
and teaching methods.

2.4 daVinci® Xi

The Xi system (Fig. 1) was released in 2014 and presented improvements in the arm
design and trocar placement. This platform has thinner arms with modified
articulations, which reduces the external clashing and allows different types of
docking for the same procedure (side docking or between the legs). In addition, all
ports are 8 mm in diameter and the camera can be placed at all four arms, which
offers a dynamic visualization in procedures accessing different quadrants, such as
nephroureterectomies or partial nephrectomies. The docking is performed with
laser guidance, which indicates the correct positioning to optimize the internal and
external space during the surgery. Finally, this platform allows docking with an
integrated OR table that can be moved during the procedure without undocking and
repositioning the patient (Trumpf Medical, Germany) [12].

Fig. 1 da Vinci® Xi model
system—Intuitive Surgical !
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2.5 daVinci®X

Cleared by the FDA in 2017, this platform is a hybrid between the Si and Xi tech-
nologies, mixing the Si arm configuration and cart model with the Xi 8 mm dynamic
scope. Therefore, this unit does not have the same versatility provided by the Xi in
terms of reduced external clashing and multiquadrant procedure. However, the Xi
platform offers the advantages of the Xi instruments and scope with reduced costs,
which opens robotic surgery access to centers with financial limitations to invest in
this technology.

2.6 daVinci® SP

The da Vinci® SP robot (Figs. 2, 3, and 4) was initially designed based on laparoen-
doscopic single site surgery (LESS), which associates the concept of minimally
invasive surgery with a single incision to place the trocar. However, the laparoscopic
and initial robotic approach to LESS did not gain traction due to its steep learning
curve, lack of standardized technique, and reduced number of well-designed studies
describing encouraging outcomes [14-20]. In this scenario, improvements in the
robotic approach to LESS started with the SP 1098 platform: a pure single-port
system consisting of a flexible scope and two flexible instruments controlled by the
Xi system. Some groups reported feasible and safe procedures performed with the
SP 1098 platform, including partial nephrectomy, radical prostatectomy, and peri-
neal radical prostatectomy [21, 22]. However, only after releasing the final version

Fig. 2 da Vinci®
Platforms—Intuitive
Surgical-—comparison
between the Xi and SP
robots, side by side. Left:
da Vinci® Xi model
system. Right: da Vinci®
SP model system
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Fig. 3 da Vinci® SP model
system—Intuitive
Surgical—single-arm
attached to trocar

—ny

SP Trocar

Instruments.

Fig. 4 da Vinci® SP model
system—Intuitive
Surgical—single-arm robot
after docking

:
3
r

of the da Vinci® SP robot that the robotic single-port surgery begins its expansion
throughout multiple referral centers.

The da Vinci® SP was cleared by the FDA in 2018 and consists of a single trocar
that houses three biarticulated instruments and one flexible scope. Since the first
clinical report of this robot, several authors have described the outcomes in different
types of urologic procedures. Recently, the SP has had updates in the number of
pedals and scope definition [14, 16-20, 23-25].

3 Building a Robotic Program

Despite the robotic platform model, it is crucial to develop a robotic program to
integrate all surgical teams and nursing staff to improve outcomes and optimize the
robot use [26]. In addition, it is imperative to study the limitations of each robot
according to the demand and type of surgeries performed at each center. In this
scenario, the da Vinci® SP still has some limitations because it is only available in
the USA and Korea, and only a few specialties are cleared by the FDA to use it in
humans, while the previous generations are available worldwide and can be used in
all surgical specialties.
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4 Current Systems Available for Urological Procedures

Robotic surgery has been widely used in urology to approach malignant and benign
diseases of adults and pediatric patients [27]. The multiport da Vinci® system still
comprises most robots used to approach urologic surgeries. The platform model
varies among centers according to the financial condition and surgical volume of
each institution. Despite the modifications previously described between multiport
generations, the operative performance and outcomes are similar between the most
recent platforms (da Vinci® Xi) and the previous models (da Vinci® Si) [13, 28].

Different groups compared the outcomes of SP and Xi robots in patients who
underwent radical prostatectomy [22, 25, 29]. Some authors described advantages
for the SP in terms of blood loss, postoperative pain, opioid use, and early discharge.
In our experience, comparing two groups of patients with similar preoperative
characteristics, we did not find these advantages and we had a higher operative time
for the SP group [25]. However, it is crucial to highlight that all current articles are
based on retrospective analysis with potential risks of bias. In addition, due to the
SP’s recent use in most centers, none of the articles have reported the long-term
functional and oncological outcomes of this robot. Therefore, we still need
prospective and randomized control trials to evaluate the actual benefits of the SP
platform over its multiport antecessors.

Other platforms such as Revo-I®, Versius®, Senhance®, Hugo®, and Toumai®
have recently appeared on the market, with articles describing outcomes published
in peer-reviewed journals [30, 31]. However, before comparing these new platforms
with the da Vinci® technology, Revo-I®, Versius®, Senhance®, Hugo®, and Toumai®
must be technically and scientifically validated. Other non-laparoscopic systems are
also available for urologic diseases, such as The Focal One® HIFU device, for
prostate cancer focal treatment, and Avicenna Roboflex® for nephrolithiasis
endoscopic treatment.

4.1 Versius Robot

Developed by Cambridge Medical Robotics Ltd. (Cambridge, UK), the Versius sur-
gical system (Fig. 5) had its first project in 2014 and received the European CE mark
in March 2019 [32]. It consists of human-like arms with shoulder, elbow, and wrist
placed individually on portable carts. The surgeon can receive haptic feedback from
the handles. It utilizes fully articulated 5 mm diameter instruments that feature
seven degrees of freedom. The surgeon’s console has an open design, facilitating
communication with staff, and requires polarized glasses for HD 3D vision.

The system was used in a preclinical trial, in which surgeons successfully per-
formed kidney, prostate, and lymphadenectomy surgeries on porcine models and
cadavers. Several clinical studies with gastrointestinal, gynecological, and urological
surgeries have been recently published [32, 33].
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Fig. 5 Versius surgical
system—Cambridge
Medical Robotics Ltd.
(Cambridge, UK)

The Versius system is already established as a surgical tool in Europe, India,
Australia, and the Middle East centers. At the end of 2021, it received regulatory
approval from the Brazilian National Health Surveillance Agency, opening the way
for sales in the rapidly growing Brazilian market. Brazil will be the 11th country to
use the Versius system for surgeries in adults.

4.2 Hugo Robot

Medtronic has obtained European approval (CE mark) to use its Hugo® surgical
robot (Figs. 6 and 7) for urological and gynecological procedures, paving the way
for the system to make its continental debut in several countries [34].

Hugo® performed its first human procedure in June 2021, a minimally invasive
prostatectomy in Santiago, Chile [35]. It has since expanded into Latin America,
with gynecological surgeries in Panama City, Panama. Medtronic also announced
its first operation with Hugo® RAS System in the Asia-Pacific region, through a
prostatectomy in Chennai, India.

The robotic platform consists of modular surgical arms on wheeled carts. All
company’s systems are linked to a global patient registry, which tracks results and
feeds back data into the platform.
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Fig. 6 Hugo® robotic-
assisted surgical system—
Medtronic plc—surgeon
console

Fig. 7 Hugo® robotic-
assisted surgical system—
Medtronic plc—modular
surgical arms on wheeled
carts

M. C. Moschovas et al.
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4.3 Revo-I Robot

The Revo-I is a surgical platform developed by Meere Company Inc. (Yongin,
Korea), a company founded in 1984, a manufacturer of high-tech equipment, which
in 2007 started developing robotic surgical platforms. In 2015, version 5 of Revo-I
was approved in preclinical tests and trials. In August 2017 it received approval for
use in humans by the Korean Ministry of Food and Medicine Safety.

This is a master-slave system, which is very similar to the da Vinci Si system. It
features a patient cart with four articulated arms, a surgeon’s console with a
binocular 3D HD closed vision system, and a control cart. The 3D HD endoscope is
10 mm in diameter. The 7.4 mm diameter instruments are entirely handful, providing
seven degrees of freedom, and are reusable up to 20 times.

Finally, in 2018, the first human study using the Revo-I was published reporting
a robot-assisted Retzius-sparing radical prostatectomy [36].

4.4 Senhance Robot

The Senhance® Surgical System was initially developed by the Italian company
Sofar (Milan, Italy), called TELELAP ALF-X advanced robotic system, and
received CE mark certification in 2016 for abdominal surgeries. Subsequently,
acquired by TransEnterix Surgical Inc. (Morrisville, NC, USA), in October 2017,
Senhance® became the first robotic system to receive FDA clearance since the da
Vinci authorization in 2000.

The Senhance® Surgical System is a multiport robotic system that takes advan-
tage of innovative new technologies, such as camera manipulation controlled by the
surgeon’s eye movements through an infrared eye-tracking system and haptic
feedback from instruments, which helps with a smooth transition for laparoscopy
surgeons.

The multiport system comprises up to four independent robotic arms on separate
carts. The surgeon is ergonomically seated on an open console, operating on a 3D
high-definition monitor using polarized glasses.

The use of Senhance® for radical prostatectomy and other urological procedures
has recently been described in Europe [37].

4.5 Toumai Robot

MicroPort® Medical Group Co. (Shanghai, China), a company that traditionally
produced drug-eluting stents in 36 countries, started in 2014 the development of
medical robots. Since then, it has been engaged in the research and development of
endoscopic surgical robots.
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In November 2019, the Toumai™ endoscopic surgery robot successfully com-
pleted its first surgery, a robot-assisted laparoscopic radical prostatectomy (RALRP),
at Dongfang Hospital in Shanghai [38].

In February 2021 the start of a clinical trial using the Toumai® Robotic Endoscopic
Surgery System was announced. In January 2021, Microport reported the successful
completion of a complex partial nephrectomy to treat a complete Endophytic renal
tumor at Renji Hospital, affiliated with Shanghai Jiao Tong University. The team led
by Dr. Wei Xue, Head of the Urology Department, performed the operation. Since
then, the Toumai® Endoscopic Robot has been used in several urological surgeries,
such as radical prostatectomies and partial nephrectomies, demonstrating its clinical
feasibility. There is still no scientific publication to validate these results.

4.6 Prostate Cancer Focal Treatment

The Focal One® HIFU device is the first medical device designed specifically for the
focal treatment of prostate cancer [39]. It was the latest developments in high-
intensity focused ultrasound technology coupled with a robotic arm and image
fusion software to respond to all the specificities of focal PCa treatment (Fig. 8).

Fig. 8 Focal One®—
EDAP TMS




Robotic Devices in Urology 67
4.7 Robotic Devices for Retrograde Intrarenal Surgery

Robotic systems are not limited to laparoscopic surgery. In 2008, robotic FURS was
first reported using the Sensei-Magellan system designed for interventional
cardiology [40]. However, with this device, the ureteroscope was only passively
manipulated, which was the main reason this project was discontinued after 18
clinical cases. Avicenna Roboflex™ (Elmed, Ankara, Turkey) was specially devel-
oped for FURS.

The surgeon sits at an open console manipulating a standard flexible uretero-
scope with HD video technology. The handpiece of the scope is attached to a robotic
manipulator enabling rotation, insertion, and scope deflection. Touchscreen
functions and foot pedals provide irrigation, activation, and control of the laser fiber
and fluoroscopy. The Avicenna Roboflex has had a CE mark since 2014, and FDA
approval is in preparation. The multi-centric experience reports of the Avicenna
Roboflex are promising [41, 42].

S Technological Improvements Triggered by
Robotic Surgery

In addition to the enhancements of consecutive platforms, robotic surgery has also
spurred the development of new technologies to facilitate preoperative surgical
planning while optimizing intraoperative performance.

5.1 Three-Dimensional (3D) Imaging Reconstruction

The 3D imaging reconstruction allows more accurate visualization and understand-
ing of the anatomic planes between the tumor, surrounding vessels, and other organs
[43]. During the preoperative routine, CT (computerized tomography) or MRI
(magnetic resonance imaging) images are used to create a 3D anatomical
reconstruction which is accessed on smartphones, on tablets, or by the robotic
console (Tilepro-Isis mode).

5.2 Robotic Scope Imaging and Design

The robotic scope has been improved with high-definition 3D (three-dimensional)
imaging and near-infrared technology (Firefly) [44]. After injecting intravenous
indocyanine green dye, the scope detects the tissue perfusion (colored in green), and
the surgeon identifies the correct surgical plane to access. This technology has an
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optimal application in partial nephrectomies, facilitating tumoral perfusion
identification after the renal artery clamping. It has also been used in radical
cystectomies to identify perfusion of the bowel segment used in the urinary
diversion step.

Another modification regards the flexible scope presented by the new da Vinci®
SP, which enables different angulations and visualization of different quadrants
when the “cobra” mode is activated.

5.3 Intraoperative Ultrasound

Intraoperative ultrasound (US) technology has also been incorporated into robotic
surgery to improve robotic-assisted partial nephrectomies. With this technology, the
surgeon identifies and delineates the planes between the tumor and the renal
parenchyma before the tumor removal [45]. US is also used to delineate intravenous
thrombus in radical nephrectomies in patients with advanced renal tumors with vena
cava thrombi [46].

5.4 Augmented Reality

Augmented reality using 3D images is another technology described in the robotic
approach to urologic procedures [47]. Some renal tumors are difficult to identify
even with intraoperative ultrasound assistance, especially intraparenchymal and
small tumors, which usually are not evidently bulging in the cortical surface. In
these cases, according to the authors, this technology enables easier identification of
complex and intraparenchymal renal tumors with potential improvements in the
quality of the tumor resection.

5.5 Artificial Intelligence (Al)

Artificial intelligence has been incorporated into robotic surgery in the last few
years. This technology has been used to help surgeons identify the correct planes of
dissection and improve surgical precision in different steps, such as suturing.
Shademan and colleagues described studies with supervised autonomous soft tissue
robotic suturing using Al in the open surgical setting [48]. The suturing algorithm
was created based on surgical videos done by experts in intestinal anastomosis.

When comparing the expert (surgeon) anastomosis with supervised autonomous
in ex vivo and porcine models, the author reported superior outcomes for the Al
suturing in terms of metrics (suture spacing), pressure applied to avoid anastomosis
leakage, needle repositioning, lumen reduction in some sutures such as bowel anas-
tomosis, and completion time.
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6 Current and Future Perspectives

In the last two decades, robotic surgery has been rapidly becoming more common
and has been evolving with the creation of several generations of robotic platforms.
After millions of patients were operated on with this technological assistance in the
USA, robotic surgery has become the standard treatment of some urological diseases
such as localized prostate cancer (radical prostatectomy) and kidney tumors (partial
nephrectomy).

The robotic training methods have also improved, especially after the advent of
the dual console (teaching console), which integrates the expert and the trainee,
providing the same operative view while sharing robotic commands. In addition, the
simulator quality has been enhanced with new software and programs that allow a
step-by-step surgical training.

In Brazil, robotic training was restricted to a few centers in the early days of
robotic surgery, following bureaucratic guidelines to authorize the certification of
new generations of robotic surgeons. At that time, the certification demand was used
to be larger than the services provided by the certifying company, causing delays in
the qualifications of several surgeons. However, this trend has changed in the past
years with increasing accessibility of this technology in different centers. Currently,
for urology certification, each hospital is providing its own training and certification
based on established protocols and guidelines described by the Brazilian Urologic
Society (SBU) [49]. In our opinion, facilitating the certification access with obvious
quality maintenance leads to robotic training inclusion and improvements.

Finally, new platforms and technologies have been created and integrated into
robotic surgery [50]. We believe that the expansion of new companies on the market
will reduce the costs of platforms and instruments, allowing further improvements
in surgical outcomes. In addition, decreasing the final costs enables robotic surgery
in centers with financial restrictions, such as public hospitals with residency
programs.

7 Conclusion

In the past years, several robotic technologies have been developed and incorpo-
rated into surgical procedures with increased benefits for the patients. The methods
of training and certification have also been modernized and the da Vinci® technol-
ogy is still leading the market worldwide. Currently, the multiport is still the stan-
dard of care in all surgical specialties using robotic technology. We believe that
competition with new platforms will further decrease surgical prices, expanding the
accessibility to new generations of surgeons interested in minimally invasive
surgery.
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Robotic Devices in Surgery of the Digestive
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Bruno Zilberstein, Danilo Dallago De Marchi, Andrea Vieira Martins,
Rodrigo Moises de Almeida Leite, and Gustavo Guimaraes

The Robot is a working tool to be applied in Minimally Invasive Surgery [1].
Although an important series of Robots is being created, in this chapter, we will be
exclusively commenting on the instruments in Robotic Surgery of the Digestive
System, of the “Da Vinci” Robot, whether of the Si, X, or Xi model. These models
are made up of three components: Patient Cart, Console, and Vision cart (Figs. 1,
2, and 3).

These robotic systems are currently the most used worldwide with more than
5000 units sold [4].

The instruments are similar for the three models, with changes in the relationship
between the clamps in their fitting on the robot’s arms and the optics. In the Si
model the optic is 12 mm, while in the Xi and X models the optic is 8 mm.

The Da Vinci Robot (Si, Xi, and X) has four arms, one of which is always dedi-
cated to optics, which can be 0° or 30° [5].
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Fig. 1 Xi Robot: Patient Cart, Vision cart, and Console. (From Intuitive Surgical, 2023 [2, 3])

Fig. 2 X Robot: Console.
(From Intuitive Surgical,
2023 (2, 3])

oy
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Fig. 3 Si Robot: Console.
(From Intuitive Surgical,
2023 (2, 3])

Fig. 4 Robot Xi. (From Intuitive Surgical, 2023 [2, 3])

1 Terms Used in Robotic Surgery

Draping: draping the robot.
Docking: taking the patient’s cart to the patient.
Undocking: move the patient’s cart away.
On site: to check if the vision cart is connected to the internet network.

1. Boom rotation: The button is located on arms 1 and 4; it turns the robot arms to
the right or left.

2. Port clutch: A button on the robot’s arm that performs various movements (up

and down and left and right).

Clutch: A button on the robot arm that performs movement in the remote center.

Grab movie: Grabs and holds and performs rough arm movements.

5. Clearance patient: A button on the robot arm where the surgeon gains more space
to operate (Fig. 4).

Rl



76 B. Zilberstein et al.
2 Optics or Endoscopes

Regardless of the Si or X or Xi system, the optics can be 0° or 30°. The optics vary
depending on the robot model.

For the Si system, this optic can be 12 mm or 8.5 mm. That’s why, unlike other
Robot models, in the case of the Si, the optics cannot be changed during the surgical
procedure and normally must be placed on a 12 mm long trocar, since the Robot’s
arm is attached to the trocar.

Also in the Si system, there is a need for decoupling and inverting the optics in
case it is necessary to change the camera’s field of view. For real-time fluorescence
image visualization (Firefly), in this system it is necessary to use another green-
colored handle optics (Figs. 5 and 6).

For the X and Xi system, the optics are 8§ mm and can be placed on any of the
Robot’s trocars as they are all 8 mm (Figs. 7, 8 and 9).

Fig. 5 Robotic surgery
table, Robot Si. (From the
author’s archive [6])

Fig. 6 12 mm. Scope.
(From the author’s
archive [6])
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In this case, the Firefly system is automatic and the inversion of the image
is activated on the Robot console without the need to decouple the optics
(Fig. 10).

Fig.7 30° Scope. (From
the author’s archive [6])

Fig. 8 0° Scope. (From
the author’s archive [6])

Fig. 9 Table mounted for
robotic surgeries Robot Xi
and X. (From the author’s
archive [6])
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Fig. 10 Robot Xi. (From
authors’ archive [7])

Fig. 11 8 mm Trocar
Robot Si. (From the
author’s archive [6])

3 Cables and Trocars

See Figs. 11, 12, 13, 14, and 15.
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Fig. 12 12 mm Disposable
Trocar. (From the author’s
archive [6])

Fig. 13 Monopolar and
bipolar cables. (From the
author’s archive [6])
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Fig. 14 Robot Xie X
Trocars. (From the author’s
archive [6])

Fig. 15 Bipolar (blue) and
monopolar (green) cables.
(From the author’s

archive [6])

4 Robotic Tweezers

The tweezers are sterilized and have limited usage time given by the manufacturer.
After that they are discarded.

4.1 Grasping Forceps

All of them have the “endowrist” manipulation capability (articulated movement in
seven directions), that is, they can be freely manipulated in various angles and
directions.

Cardiere: Forceps; serrated and fenestrated forceps, weak jaw closure, atrau-
matic. It is the most used grasping forceps in digestive surgery.

Prograsp: Forceps; serrated and fenestrated forceps of strong grasp, rarely used
in digestive surgery.
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Tip-up fenestrated: Serrated and fenestrated tweezers, delicate, which can be
used as a counter-needle holder or pair of tissue apprehensions (Figs. 16, 17, and 18).

There are also Tenaculum and Cobra-Grasper; grasping forceps which, due to
their design, are not recommended in digestive surgery (Figs. 19 and 20).

Fig. 16 Cardiere. (From
Intuitive Surgical, 2023
[2,3])

Fig. 17 Pograsp. (From
Intuitive Surgical, 2023
[2,3D)
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Fig. 18 Tip-up
fenestrated. (From Intuitive
Surgical, 2023 [2, 3])

Fig. 19 Tenaculum. (From
Intuitive Surgical, 2023
[2,3])
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Fig. 20 Cobra-Grasper.
(From Intuitive Surgical,
2023 12, 3])

4.2 Power Clamps: Monopolar and Bipolar

Fenestrated bipolar: It is similar to Cardiere, however, more delicate and has a
lower apprehension power (endowrist mobility) and has bipolar energy.

Maryland bipolar: They are used as a grasping forceps and allows for bipolar
coagulation (endowrist mobility). Due to its fine tip, it has a greater risk of tissue
damage if used as a grasping forceps and, therefore, must be used for dissection and
delicate coagulation (Figs. 21 and 22).

Monopolar cautery Hook: There is “hook” forceps that has the mobility of the
endowrist and therefore lends itself to delicate dissections of viscera and vessels,
obeying their curvatures and recesses. Widely used in esophagectomy, gastrectomy,
and pancreatectomy.

Monopolar curved scissors: It is an endowrist mobility scissors, used for cut-
ting and cautery and fine dissection. In abdominal hernia operations, whatever the
region, it becomes a very useful instrument.

Monopolar spatula cautery: It is a delicate spatula, with endowrist movement,
and which lends itself to blunt dissections. The cautery power is used in pancreatec-
tomies and hepatectomies and whenever a blunt dissection is desired (Figs. 23, 24,
and 25).

Harmonic energy clamp: Corresponds to ultrasonic scissors. The allow cutting
and coagulation and is widely used for dissection. It has the disadvantage of not
having an endowrist which can limit its application in more restricted spaces.
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Fig. 21 Fenestrated
bipolar. (From Intuitive
Surgical, 2023 [2, 3])

Fig. 22 Maryland bipolar.
(From Intuitive Surgical,
2023 (2, 3])
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Fig. 23 Monopolar
cautery hook. (From
Intuitive Surgical, 2023
[2,3])

Fig. 24 Monopolar curved
scissors. (From Intuitive
Surgical, 2023 [2, 3])
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Vessel Sealer: The bipolar energy clamp that can seal vessels up to 7 mm. It has
an endowrist and used for dissection, but is too coarse for fine dissection. Very use-
ful for performing colectomies or bariatric surgery of the “sleeve gastrectomy’ type

(Sleeve) (Figs. 26, 27, 28, and 29).
\I

Fig. 25 Monopolar
spatula cautery. (From
Intuitive Surgical, 2023
[2.3D

Fig. 26 Harmonic energy
clamp. (From Intuitive
Surgical, 2023 [2, 3])
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Fig. 27 Vessel Sealer.
(From Intuitive Surgical,
2023 (2, 3])

Fig. 28 Vessel Sealer
Extend. (From Intuitive
Surgical, 2023 [2, 3])

87
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Fig. 29 SynchroSeal.
(From Intuitive Surgical,
2023 12, 3])

Fig. 30 Big clipper. (From
Intuitive Surgical, 2023
[2,3D)

4.3 Robotic Clippers

Robotic clippers: Instruments for applying clips for ligation of vessels, with three
sizes, small, medium, and large (Figs. 30, 31, and 32).
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Fig. 31 Medium clipper.
(From Intuitive Surgical,
2023 (2, 3])

Fig. 32 Small clipper.
(From Intuitive Surgical,
2023 2, 3])

89
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SureForm stapler instruments

Itemn code Product description Gtyfbax Uses
E 480460 SureForm 60 instrument 6 Single use
‘.ﬁ 480445 SureForm 45 instrument ] Single use
| g ] 480545 SureForm 45 curved-tip instrument & Single use

SureForm stapler reloads

Item code Product description

AB3E0W Reload, SureForm B0, 2.5 white B-row 12 1 firing
483608 Reload, SureForm B0, 3.5 blue B-row 12 1 firing
4B360C Reload, SureForm B0, 4.3 green B-row 12 1 firing
4B3EB0T Reload, SureForm B0, 4.6 black B-row 12 1 firing
48345M Reload, SurefForm 45, 2.0 gray B-row 12 1 firing
AB345W Reload, SureFors 45, 2.5 white B-row 12 1 firing
483458 Reload, SureFors 45, 3.5 blue B-row 12 1 firing
483456 Reload, SureFors 45, 4.3 green B-row 12 1 firing
483457 Reload, SureFors 45, 4.6 black B-row 12 1 firing

Fig. 33 Models and characteristics of robotic staplers. (From Intuitive Surgical, 2023 [2, 3])

4.4 Robotic Staplers

Robotic staplers: They correspond to automatic staplers with lateral movements
that allow the cutting and sealing of tissues and large vessels. It has the advantage
that the surgeon himself can apply the staple line using the benefit of the endowrist;
however, its cost in our country makes its routine use difficult (Fig. 33).

4.5 Needle Holder

All have articulated movements (endowrist).

Large Needle Driver: For smaller diameter wires up to 3-0.

Mega Needle Driver: For larger diameter wires.

Mega Suturecut Needle Driver: There is a needle holder that can also cut the
suture thread. Its use requires a lot of attention so that there is no accidental cutting
of the suture thread during the performance of the same (Figs. 34, 35, 36, 37, 38,
and 39).
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Fig. 34 Large Needle
Driver. (From Intuitive
Surgical, 2023 [2, 3])

91

Fig. 35 Mega Needle
Driver. (From Intuitive
Surgical, 2023 [2, 3])
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Fig. 36 Mega SutureCut
Needle Driver. (From
Intuitive Surgical, 2023
[2,3])

Fig. 37 Si Robotic
clamps. (From the author’s
archive [7])
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Fig. 38 Xi and X Robotic
clamps. (From the author’s
archive [7])

Wrist

Vo

Device tip Main tube

Disks
- —> Housing

Release Lever

Limit use indicator

)

Fig. 39 Xi and X Robotic clamp. (From the author’s archive [7])
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Fig. 40 Disposable robotic surgery kit. (From the author’s archive [6, 7])

5

Robotic Surgery Kit

Robotic surgeries, in addition to the use of tweezers and optics, require disposable
supplies:

6

4 arm drapes (robot arm cover);

1 column cover;

4 cannulas for trocars 5—-8 mm;

1 scissor tip protector (tip cover);
1 shutter (bladeless).

Single use tweezers:

1 harmonic ace clamp (single use);
1 vessel sealer clamp (single use) (Fig. 40).

Non-robot Instruments Needed for a Robotic Procedure

In addition to the Robot’s own instruments, it is necessary to add instruments spe-
cific to video laparoscopy surgery:
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Verres needle to perform pneumoperitoneum;

Laparoscopic forceps for use during the operative act by the assistant surgeon;
Small surgery box to perform the punctures;

A complete video laparoscopy box is mandatory in case of conversion.

7 Sterile Materials

For digestive tract surgeries, it is recommended:

Fig. 41 Conventional
tweezers. (From the
author’s archive [7])

Normal video laparoscopy box;

Obese video laparoscopy box;

Small surgery box;

Conventional digestive system surgery box;

Single laparoscopic needle holder;

5 mm permanent loose trocar;

Ultracision Cable;

Nathanson retractor;

Purple laparoscopic hemolock (normal and obese);

Green laparoscopic hemolock;

Laparoscopic Clipper 300 and 400;

Thermos bottle + clothesline;

Cuba kidney and cupula;

1 pair of long Langenbecks + 1 pair of short Langenbecks;
Adson forceps with tooth and 1 Adson forceps without tooth;
1 Laparoscopic aponeurosis kit (Figs. 41, 42, 43, and 44).
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Fig. 42 Laparoscopic
forceps. (From the author’s
archive [7])

Fig. 43 Laparoscopic
needle holder. (From the
author’s archive [7])

B. Zilberstein et al.
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Fig. 44 Laparoscopic
Trocars 10 mm and 5 mm.
(From the author’s
archive [7])

8 Disposable Materials and Orthoses, Prostheses,
and Special Materials

For digestive tract surgeries, it is recommended:
Disposable materials may vary by procedure and surgical technique.

— Wires;

— Antiallergic gloves;

— Probes;

— Drains;

— Dressings;

— 300 and 400 clipping loads;
— Disposable Trocars;

— Loads of purple and green;
— Parts collector;

— Staplers;

— Veress needle;

— Incision retractor (Figs. 45, 46, 47, 48, 49, 50, and 51).
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Fig. 45 Wires. (From the author’s archive [7])

Fig. 46 Clipping loads.
(From the author’s
archive [7])
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Fig. 47 Verres needle.
(From the author’s
archive [7])

Fig. 48 Disposable
trocars. (From the author’s
archive [7])

Fig. 49 Parts collector.
(From the author’s
archive [7])
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Fig. 50 Staplers. (From
the author’s archive [7])

Fig. 51 Incision retractor.
(From the author’s
archive [7])
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Robotic Devices in Head and Neck Surgery

Andressa Teruya Ramos and Renan Bezerra Lira Lira

1 Platforms Available

1.1 da Vinci: Intuitive (Models Si, X, Xi, and SP)

The first platform to gain space in the market and remain a successful model in the
specialty was the da Vinci robot, created with the objective of presenting good
reproducibility, with an accreditation and security system for the use of the tool and
thus standardize the procedures performed. It is a multiportal linear system that uses
four articulated robotic arms and endoscopic cameras with 3D visualization,
allowing the magnification of the image and high definition of the operative field.
The surgeon remains on the console and has control of optics, movement and angu-
lation of the tweezers, precision of movements, and ergonomics [1].

The latest model produced by the company, Single Port (SP), has the main
advantage of keeping all devices coming out of the same portal and improving the
mobility and angle of optics [2]. The SP has already been tested for use in robotic
head and neck surgeries mainly in the USA and Asian countries but is not yet
available in Brazil [3, 4].

At first, every head and neck surgeon who would like to obtain their certification
as robotic surgeons had to perform their training and qualification in the USA. Since
2021, Brazil has the only center outside the USA where certification is provided in
the specialty, through the postgraduate degree in robotic head and neck surgery of
the private hospital [5].
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1.2 Versius: Cambridge Medical Robotics

The system has as advantage the modular design with independent arms, facilitating
the positioning of the robot for the onset of surgery (docking). The commands are
also performed by the surgeon on the console [6]. There are no published reports
related in the literature about use in head and neck surgeries.

1.3 Hugo: Medtronic

As well as Versius, Hugo is mobile and modular; it has four separate arms that can
be relocated in the operating room as needed [7]. It is still underexplored in head
and neck surgeries.

1.4 Flex Robotic System: Medrobotics

The Flex Robotic System is the first flexible system specifically designed for use in
head and neck surgery, authorized by the FDA (Food and Drug Administration) for
transoral surgeries. Consisting of a single arm for control the flexible endoscopic
optic. The other tweezers attach to the mouth opener and the surgeon is close to the
patient, handling the tweezers. This system is a device that is intended for robot-
assisted visualization and surgical site access to the oropharynx, hypopharynx, and
larynx in adults (> 22 years of age). Also provides accessory channels for compati-
ble flexible instruments used in surgery [8].

2 Clinical Applications

2.1 Transoral Robotic Access TORS

Transoral robotic access is used for resection of lesions of the oropharynx (lingual
tonsils, tonsillar tonsils, tongue base, soft palate), supraglottic larynx, hypopharynx,
and parapharyngeal space [9]. The oropharynx is the main site affected with the
greatest number of cases, that’s why it will be highlighted in this chapter (Fig. 1).

Transoral robotic resection for early oropharynx tumors has established itself as
a feasible and oncologically safe technique, being initially disseminated by Gregory
Weinstein in 2010 at the University of Pennsylvania where he has also dedicated
himself to certifying head and neck surgeons around the world to use the da Vinci
robot [10] (Fig. 2).

The incidence of HPV-related oropharynx tumors has increased significantly in
the last decade, mainly driven by white men, young adults with no history of
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Fig. 1 Possible areas of
transoral resection

Fig. 2 Early-stage tonsil
cancer tonsil tumor
exposure after mouth
opener placement
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smoking, according to US statistics [11]. Brazilian data from 2021 corroborate
these data for our population, with the mean age of diagnosis being 59 years old
[12]. Despite having a better prognosis when compared to tumors not related to
HPV [11], at this time the same pattern of treatment can be performed exclusively
with radiotherapy or surgery for initial tumors and chemotherapy concomitant with
radiotherapy or surgical treatment, and for selected cases of locally advanced tumors
there is the possibility of the use of neoadjuvant chemotherapy [13].

Surgical therapy for early tumors is safe and comparable with IMRT (intensity-
modulated radiation therapy), while advanced tumors that have involved large sur-
gical resections and association with adjuvant chemotherapy and radiotherapy
should be avoided due to higher morbidity [13]. In this context, patients should be
well selected for surgical treatment with adequate imaging and if possible magnetic
resonance imaging to estimate the actual dimensions of the tumor, signs of vascular
and bone damage, and lymph node extracapsular extravasation, and thus for treat-
ment decision making. Recent studies question current treatments and the possibil-
ity of using robotic transoral surgery (TORS) also for advanced cases [14] (Fig. 3).

The scenario considered pandemic for HPV-related oropharynx tumors in young
adult patients promotes the search for minimally invasive techniques, with lower
morbidity and consequently less impact on the quality of life of patients who should
remain with the sequelae resulting from treatment for a long period [14]. Patients
with HPV-negative tumors, in the early stages, were also shown to be good

Fig. 3 Mandibulotomy for
oropharyngeal tumor
resection when there is no
access to the robot
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candidates for surgical treatment with adjuvant radiotherapy when compared to the
treatment with upfront chemotherapy and radiotherapy [15].

Patients with cervical lymph node metastasis without primary site identified on
physical examination or complementary tests such as PET-CT (occult primary) may
be submitted to physical examination under narcosis with the use of a robot, having
multiple biopsies performed. It is possible to proceed with resection with tonsillar
tonsillectomy and ipsilateral lingual if necessary [16]. When locating the primary
tumor, the therapy of choice is directed, which decreases the irradiated field and
consequently the sequelae resulting from the treatment that, in this region, has
implications in the rehabilitation of breathing, speech, and swallowing [17].

Hypopharynx and supraglottic larynx lesions are less frequent but also consid-
ered challenging because their structures are closely related to speech and swallow-
ing. The consequences of the treatment, surgical or with radiotherapy/chemotherapy,
can lead to severe dysfunctions requiring an alternative food route and tracheos-
tomy [17]. Robotic transoral resection aims to provide a good oncological treatment
with adequate margins with a better functional result, consequently improving the
quality of life [17].

Using this same approach, it is also possible to treat benign pathologies such as
resection of lingual tonsils for the treatment of sleep apnea and treatment of Eagle
syndrome with removal of the styloid process [18]. Patients with tumors in the para-
pharyngeal space also benefit from transoral access [19]. Compared to conventional
surgery that includes parotidectomy combined or not with access mandibulotomy,
the use of TORS decreases the manipulation of complex regional neurovascular
structures with potential for high complications such as facial paralysis and trismus
[20]. It is noteworthy that the resection of parapharyngeal tumors requires high
knowledge of local anatomy and familiarity with the use of the robotic platform,
with its realization at the beginning of the learning curve not being indicated.

2.2 Vestibular Approach

Access to the anterior cervical region w