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Robotic-Assisted Minimally Invasive Surgery: A Comprehensive Textbook is a one-of-a-kind 
book which covers all fields of surgery that currently use robotic platforms to facilitate a mini-
mally invasive approach to procedures. The advantages of robotic surgery including improve-
ments in instrumentation,  three- dimensional optics, and computer-assisted motion have 
jump-started the implementation of more than 4000 systems worldwide and over 7000 peer-
reviewed research studies. A textbook that comprehensively covers this evolution of surgery is 
timely and necessary.

The target audience for this book spans a wide breadth, including surgeons using, or plan-
ning to use, robotic platforms; general, specialty, and gynecologic residents; medical students; 
nurses; surgical technologists; hospital administrators; and even patients seeking to understand 
more about their options for the robotic-assisted surgical management of disease.

Most texts on the topic of robotic surgery are limited to a specific field. Robotic-Assisted 
Minimally Invasive Surgery: A Comprehensive Textbook in addition to the background, train-
ing, and economics of robotic surgery covers procedural details of general surgery, gynecol-
ogy, urology, cardiothoracic surgery, plastics, otolaryngology, military surgery, and future 
robotic platforms. Included are disease-specific procedures that have been described and pub-
lished in the peer-reviewed medical literature. Each chapter includes a literature review, preop-
erative planning, setup, procedural steps, and postoperative care of each surgical disease that 
has been managed with robotics.

Established experts and pioneers in the area of robotic surgery authored the chapters of this 
book. The latest knowledge and techniques are presented in a concise manner, with figures and 
photos to supplement the text. For the fastest-growing method of surgery across all fields, 
Robotic-Assisted Minimally Invasive Surgery: A Comprehensive Textbook is the authoritative 
resource.

Las Vegas, NV, USA Shawn Tsuda, MD, FACS
Boston, MA, USA Omar Yusef Kudsi, MD, MBA, FACS
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Intuitive Surgical: An Overview

Kyle Miller and Myriam Curet

 Company Background

Intuitive Surgical, Inc., with corporate headquarters in 
Sunnyvale, California, pioneered the rapidly expanding field 
of robotic-assisted minimally invasive surgery. Founded in 
1995, the company initially aimed for adoption in cardiac 
surgery with its introduction of the da Vinci ® Surgical 
System. However, as history would demonstrate, urologists 
were the first group to widely adopt robotic-assisted mini-
mally invasive approaches for prostatectomies leading to a 
revolution in the field of surgery [1]. Intuitive Surgical now 
supports and serves customers throughout the USA and 
world, providing technology innovation in cardiac, thoracic, 
gynecology, colorectal, otolaryngology, urology, pediatric, 
and general surgery disciplines.

When Intuitive was first founded, the vision for the prod-
uct revolved around four key specifications or product pillars 
for a surgical robotic system: (i) a reliable, fail-safe surgical 
device, (ii) a system providing intuitive control of the instru-
mentation, (iii) dexterous manipulation with six degrees of 
freedom, and (iv) three-dimensional stereo vision. The goal 
for the company with its formation was to provide surgeons 
with a minimally invasive approach while regaining key ben-
efits of open surgery that were lost with the invention and 
adoption of laparoscopic surgery: virtual transposition of the 
surgeon’s eyes and hands onto the surgical workspace. The 
da Vinci® System was appropriately named during the com-
pany’s first month of existence for the renowned renaissance 
polymath, Leonardo da Vinci, given his lasting contributions 
in the fields of science, art, anatomy, and engineering.

The technology was initially licensed from SRI 
International, IBM, and MIT providing a foundation for the da 
Vinci ® Surgical System. Dr. Fred Moll, Rob Younge, and John 
Freund co-founded Intuitive Surgical in 1995 by licensing 
telepresence surgery technology from SRI and began by hiring 

three engineers. The company developed two generations of 
technology prototypes (Lenny and Mona) that would be uti-
lized in the first set of animal and human trials [2]. The Lenny 
prototype was completed and taken to animal trials during the 
summer of 1996 for a period of 6–9 months to demonstrate 
safety and feasibility around intuitive motion mapping and 
dexterity with six degrees of freedom with the wristed archi-
tecture. From this prototype, the team learned an extraordinary 
amount from the initial in vivo experiments. With lessons from 
the Lenny prototype, the Mona prototype was born with dra-
matic redesigns and improvement with the patient-side manip-
ulators, interchangeable architecture, master-slave interface, 
and setup mechanisms [2]. The Mona prototype (Fig.  1.1), 
named after Leonardo’s timeless masterpiece, the Mona Lisa, 
would be the first prototype tested in humans. These proto-
types eventually led to the launch of Intuitive’s flagship prod-
uct, the da Vinci® Surgical System. The company began 
marketing the da Vinci ® Surgical System initially in Europe in 

K. Miller (*) · M. Curet 
Intuitive Surgical, Inc., Sunnyvale, CA, USA
e-mail: kyle.miller@intusurg.com

1

Fig. 1.1 da Vinci® Mona prototype. (With permission ©2018 Intuitive 
Surgical, Inc.)

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-96866-7_1&domain=pdf
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1999. A month after the company’s initial public offering in 
June of 2000, Intuitive received FDA clearance for applica-
tions in general surgery with clearance for thoracic and uro-
logical procedures a year later [3].

In the initial pursuit to launch a robotic-assisted surgical 
system, a competitor emerged with Computer Motion, mak-
ers of the Zeus Surgical System (Fig. 1.2). Launched in 1997, 
the Zeus system utilized a voice-controlled endoscopic 
manipulator aimed at providing laparoscopic surgeons with 
improved precision and tremor filtration. Competition 
between the two companies led to Zeus focusing primarily on 
adoption by traditional laparoscopists, and the Intuitive da 
Vinci® System marketed toward open surgeons. Various pat-
ent infringement lawsuits were filed between the two compa-
nies with a legal battle starting to impact growth for both 
start-up surgical robotic companies. In 2003, the two compa-
nies elected to merge. Following the merger, the da Vinci ® 
System became the company’s single system offering [3, 4].

In 2003, a fourth arm was added to the patient-side cart in 
the creation of the da Vinci® Standard System (Fig. 1.3) in 
order to provide the surgeon with more control in exposure 
and traction. In addition to a new arm, the instrumentation 

available on the system expanded from 6 to over 50 units. 
With continued improvements, the da Vinci S ® product was 
released in 2006 (Fig. 1.4) with a focus on refining the ergo-
nomics of the patient-side cart, which reduced the setup time 
by half [2]. With the da Vinci S ® System, the side arms were 
lighter and smaller, improving the range of motion. 
Visualization improved with high-definition video, and 
TilePro™ was added for data interaction.

da Vinci Si ® System (Fig. 1.5) was released in 2009 and 
focused on improvement for the surgeon console and vision 
cart building upon the patient cart improvements made in the 
da Vinci S ® System [2]. With da Vinci Si ® System, a higher- 
resolution 3D monitor was introduced along with improve-
ments in ergonomic adjustability for the surgeon console. A 
wide-screen, higher-resolution touchscreen monitor was 
implemented into the vision cart. And finally, the da Vinci Si® 
System was developed to integrate two surgeon consoles to 
operate in unison with a patient-side cart. The introduction of 
the instrument “give-and-take” feature enabled advanced 
surgeon training and collaboration.

da Vinci Xi ® System (Fig. 1.6) was introduced into the mar-
ket in 2014 [2]. Advancements for the da Vinci Xi® System 

Fig. 1.2 Zeus prototype. 
(With permission ©2018 
Intuitive Surgical, Inc.)
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included redesigned kinematics for the patient cart that allowed 
for seamless deployment, roll-up, and docking steps to maxi-
mize workspace during an operation. Whereas the da Vinci Si® 
System relied upon orientation of the cart to plan for workspace, 
the da Vinci Xi® System’s novel gantry system enabled wider 
tolerances and clearances with deployment and docking.

Finally, da Vinci X™ System (Fig. 1.7) entered the market in 
2017 [5]. The da Vinci X® System integrates the thinner, 
enhanced arms of da Vinci Xi® System and positions them onto 
the cart like the da Vinci Si® model. The da Vinci X® System 
retains several da Vinci Xi® features including voice and laser 
guidance, 3DHD vision, and the surgeon-side console. The aim 
of the da Vinci X System is to provide access to advanced tech-
nologies associated with the da Vinci Xi® System at a more 
affordable entry point. The company has received both CE 
Marking and FDA 510(k) clearance for the da Vinci X® System.

 Four Generations of da Vinci Systems

Intuitive Surgical has produced five surgical robotic systems 
including the da Vinci® Standard System, the da Vinci S® 
System, the da Vinci Si® System, the da Vinci Xi® System, and 
the da Vinci X® System. The company is also anticipating 
launch of the da Vinci SP® (Single-Port) System. The da Vinci 
Si® Surgical System and the da Vinci Xi® Surgical System are 

Fig. 1.3 da Vinci® standard patient cart. (With permission ©2018 
Intuitive Surgical, Inc.)

Fig. 1.4 da Vinci S® patient cart. (With permission ©2018 Intuitive 
Surgical, Inc.)

Fig. 1.5 da Vinci Si® patient cart. (With permission ©2018 Intuitive 
Surgical, Inc.)
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Fig. 1.6 da Vinci Xi® patient cart. (With permission ©2018 Intuitive Surgical, Inc.)

Fig. 1.7 da Vinci X® patient cart. (With permission ©2018 Intuitive Surgical, Inc.)
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widely adopted with the latest addition to the family – the da 
Vinci X® Surgical System – released in 2017. Each of the da 
Vinci Si®, da Vinci X®, and da Vinci Xi® Systems features two 
control consoles that can be used in tandem, the addition of an 
integrated laser technology for fluorescent imaging and the 
capability of single-site technology.

 Global Presence

As of June 2017, the company has more than 4000 da Vinci® 
Surgical Systems installed throughout the world including the 
USA (2624), Europe (678), and Asia (520) [6]. There were 
approximately 750,000 da Vinci® procedures performed in 
2016 with more than four million procedures performed with 
a da Vinci® System since the company’s inception. The com-
pany remains dedicated to advancing the field of robotic sur-
gery to provide for comprehensive patient care, reduction in 
length of stay, reduced complications, fewer readmissions, 
and lower infection rates [6]. The company offers surgeons’ 
technical training on its robotic platforms while also utilizing 
skill simulators with modules allowing surgeons to improve 
their skills outside of their clinical practice. To date, there are 
more than 13,000 peer- reviewed publications on the da Vinci® 
Surgical System with more than 1700 comparative studies 
performed on da Vinci® procedures. The clinical library 
related to da Vinci® procedures is increasing at a current rate 
of approximately 90–110 publications per month. In addition 
to the company’s product pillars, the company is now focus-
ing on enhanced imaging, intelligent systems, less invasive 
approaches, data analytics, and optimized learning.

 Regulatory

The da Vinci® Surgical System is classified by the Food and 
Drug Administration (FDA) as a Class II device. At the time 
of this publication, the da Vinci® Surgical System has clear-
ance for urologic surgical procedures, general laparoscopic 
surgical procedures, inguinal hernia procedures, gynecologic 
laparoscopic surgical procedures, transoral otolaryngology 
surgical procedures restricted to benign and malignant 
tumors classified as T1 and T2 and for benign base of tongue 
resection procedures, general thoracoscopic surgical proce-
dures, and thoracoscopically assisted cardiotomy proce-
dures. The system can be employed with adjunctive 
mediastinotomy to perform coronary anastomosis during 
cardiac revascularization. The system is indicated for adult 
and pediatric use except for transoral otolaryngology surgi-
cal procedures. The da Vinci® Surgical Systems are cleared 
through a Conformité Européene (CE) mark for a variety of 
indications throughout Europe and have obtained regulatory 
approvals in Asia and other parts of the world.

 da Vinci Platform

The da Vinci® System is based on three distinct subsystems: 
(i) the surgeon-side cart, (ii) the vision cart, and (iii) the 
patient-side cart. A competent surgical team is required to 
perform surgery, and several team members in the operat-
ing theater interact with the da Vinci® System and its sub-
systems during the phases of a robotic-assisted operation: 
draping and sterile field preparation, system setup, roll-up 
to patient bedside, deployment, docking, operation, 
undocking, and stowing along with reprocessing and steril-
ization of the instrumentation and accessories. While the 
most visible part of the da Vinci® System is the mechatronic 
arms, the robotic- assisted surgical system is based on a vast 
platform enabling the surgeon to perform robotic-assisted 
surgery. This platform includes advanced instrumentation: 
monopolar, bipolar, and ultrasonic energy, vessel sealers, 
intelligent stapling systems featuring SmartClamp technol-
ogy, and dozens of additional instruments and accessories. 
In addition, the da Vinci® Surgical System utilizes a stereo-
scopic three- dimensional endoscope to guide surgical oper-
ations. The advanced imaging system has Firefly™ 
near-infrared imaging technology enabling the surgeon to 
see vasculature and tissue perfusion with the aid of intrave-
nous administration of indocyanine green (ICG). More 
recent advances in the da Vinci® platform include the inte-
grated table motion feature of the da Vinci Xi® System, 
which allows the system to directly communicate with the 
TRUMPF Medical advanced operating table, the 
TruSystem™ 7000dV (TRUMPF Medizin Systeme, 
Saalfeld, Germany). When utilizing this feature, the da 
Vinci Xi® System and TRUMPF table are synchronized so 
that the surgical team can reposition the operating table 
while maintaining the patient’s anatomical orientation rela-
tive to the robotic arms.

 da Vinci Xi® Subsystems: Surgical Console

The surgical console (Fig. 1.8) is the central control compo-
nent of the da Vinci Xi® System. The system includes the 
master controllers, the 3D high-definition stereo viewer, cen-
tral touch pad, left and right pods, and the footswitch panel. 
The surgeon operates while seated comfortably at the con-
sole which is outside of the sterile field allowing for con-
trolled movement of the robotic arms, 3D endoscope, and 
EndoWrist® instrumentation. The real-time anatomical 
workspace is streamed through the stereo viewer.

The master controllers are the manual control units for 
the surgeon which allow for seamless translation of the sur-
geon’s hand, wrist, and finger movements into precise, real- 
time movements of the surgical instrumentation. The 
movement of the designated instrument within the surgical 
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field mimics that of the surgeon’s hand, wrist, thumb, and 
index or middle finger, supporting the anthropomorphic prin-
ciple (Fig.  1.9). Clutch buttons that disengage the master 

controllers from the robotic instrumentation enable reposi-
tioning without robotic arm or instrument movement.

The stereo viewer is the central visual element of the da 
Vinci® Surgical System allowing for 3D high-definition 
viewing of the anatomical workspace. The surgeon has sev-
eral advanced features including a full-screen mode and 
multi-image mode or TilePro™ which displays the image of 
the surgical field along with additional images, such as 
patient imaging. The images displayed to the surgeon in the 
stereo viewer are duplicated on the vision cart monitor visi-
ble to all operating room staff.

 da Vinci Xi® Subsystems: Patient Cart

The patient-side cart (Fig. 1.10) is positioned adjacent to the 
patient during the operation. The da Vinci Xi ® patient cart 
allows the camera and instrumentation to be introduced into the 
surgical field while providing tremor stabilization during the 
procedure. The patient compartment is comprised of setup 
joints and four robotic arms. The setup joints of the da Vinci® 
patient cart allow for human-like movements of the robotic 
arms. They are utilized to position the arms during sterile drap-

Fig. 1.8 da Vinci Xi® surgical console. (With permission ©2018 Intuitive Surgical, Inc.)

Fig. 1.9 Automorphic master control. (With permission ©2018 
Intuitive Surgical, Inc.)
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ing and to establish remote centers which optimize the range of 
motion of the da Vinci® instrumentation. The instrument arms 
of the patient cart provide the interface for the EndoWrist® 
instrumentation and the camera. All robotic arms are covered 
with sterile drapes with sterile adapters providing for mounting 
of the camera and instrumentation. Installation, removal, and 
exchange of the camera as well as the instruments are per-
formed by a trained bedside assistant. The EndoWrist® instru-
ments are mounted onto the robotic arms for use during 
procedures. Their innovative design enables seven degrees of 
freedom and full articulation of the wrist architecture allowing 
for dexterity in a minimally invasive setting [2].

The da Vinci Single-Site® instrumentation kit (Fig.  1.11) 
has been designed to enable intuitive control of the da Vinci 
Xi® system through a single skin incision site of 2–2.5 cm. The 
kit includes a five-lumen port that provides access for an endo-
scope, two curved single-site cannulae that cross at the level of 
the abdominal wall, an accessory port, and insufflation adap-
tor. The da Vinci Xi® System detects the specialized da Vinci 
Single-Site® instrumentation and reassigns the surgeon’s hands 
with the correct instrument to provide intuitive control.

 da Vinci Xi® Subsystems: Vision Cart

The vision cart is the system’s central processing and vision 
equipment that contains a touchscreen monitor enabling oper-
ating room personnel to view video and control central func-

tions of the system. The vision cart contains a microphone and 
speakers for two-way communication with the surgeon opera-
tor along with space for the electrosurgical generator and insuf-
flator units. The vision cart also houses the da Vinci Xi® core, 
which is the system’s central connect hub where all system, 
auxiliary equipment, and audiovisual connections are routed.

Fig. 1.10 da Vinci Xi® 
patient cart. (With permission 
©2018 Intuitive Surgical, 
Inc.)

Fig. 1.11 da Vinci Xi® Single-Site. (With permission ©2018 Intuitive 
Surgical, Inc.)
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The vision cart allows for integration of the da Vinci 
Firefly®Firefly imaging feature. A laser light source is used to 
excite fluorophores at wavelengths around 800  nm. This 
emitted light is captured by the da Vinci® endoscope giving 
the surgeon the ability to see vasculature and tissue perfusion 
with the aid of ICG injected into the blood stream which 
binds to plasma proteins in the patient’s blood stream.

 The Next Addition to the da Vinci® Family: da 
Vinci SP® System

The da Vinci SP ® (Single-Port) System,1 which is currently 
under development and not yet commercially available, 
introduces articulated instruments and camera through a sin-
gle incision with a diameter of approximately 2.5 cm. This 
design allows the entire array of instruments to enter a single 
cannula along parallel axes, as opposed to the single-site sys-
tem. The articulated instruments and camera are snake-like 
robots that can be manipulated independently to provide bet-
ter surgical access after entering the body. This makes da 
Vinci SP ® suitable for procedures that require natural orifice 
endoluminal access, such as transoral  and transanal 
procedures.

 Future of Robotic-Assisted Surgery

Intuitive Surgical seeks to enhance product offerings through 
an enhanced platform that surgeons can leverage for their 
operations. The future of robotic-assisted surgery is promis-
ing in regard to surgical access, vision, emerging competi-
tion, and intelligent systems.

In the area of surgical access, there was a strong push for 
natural orifice transluminal endoscopic surgery (NOTES) in 
2005 [7]. The feasibility of performing transcolonic, trans-
vaginal, and transgastric procedures was established; how-
ever, a clear patient benefit was initially lacking with these 
approaches, and the technological limitations of the avail-
able flexible platforms remained challenging. Novel proce-
dures including peroral esophageal myotomy (POEM) arose 
from NOTES as did a renewed interest in flexible, advanced 
catheter systems [8]. We expect this field to continue its pro-
gression  in the future with the launch of the da Vinci SP ® 
System, which will focus on  endoluminal applications in 
transoral, transanal, and urological procedures.

In the area of vision, advancements in visualization tech-
niques are being driven by the gaming industry and virtual 
reality technology. In a recent survey of robotic urology sur-

1 As of July 2017, the da Vinci SP System is not 510(k) cleared, and the 
safety or effectiveness of the product has not been established. The da 
Vinci SP System is not currently for sale in the USA.

geons, 87% of surgeons felt that there is a role for aug-
mented reality as a navigation tool in robotic-assisted 
surgery [9]. Further, Mitchell and Herrell reported in 2014 
that advances in molecular imaging are likely to find a use 
in robotic- assisted surgery with the advent of molecular 
markers [10].

In regard to competition, multiple surgical robotic compa-
nies are following the pathway forged by Intuitive as the field 
of surgery continues to embrace robotic- and computer- 
assisted surgery. TransEnterix, Inc., has filed a FDA 510(k) 
application in 2017 for its Senhance™ system with an 
emphasis on haptic force feedback [11]. Titan Medical, Inc., 
is looking to enter the market with its SPORT™ surgical sys-
tem featuring multi-articulated instruments [12]. Verb 
Surgical, Inc., is building its digital surgery prototype in col-
laboration with Ethicon Endo-Surgery, Inc., and Verily Life 
Sciences [13]. Multiple others including Cambridge Medical 
Robotics Ltd., Avatera Medical, Medtronic, Inc., and Meere 
Company will also look to have product offerings in the 
future.

Autonomous surgery continues to be a topic of debate 
with numerous regulatory concerns. With technological 
advancement in the near term, there is value in a surgeon 
remaining in the feedback loop; however, supervised auto-
mation of specific surgical tasks remains an active area of 
scientific exploration [14]. The field of surgical robotics will 
soon see the implementation of advanced data analytics and 
machine learning. The integration of intelligent systems will 
support clinical decision-making while helping to define sur-
geon performance. Intuitive Surgical, Inc., is looking  forward 
to the future as we strive to make surgery more effective, less 
invasive, and easier on surgeons, patients, and their 
families.
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Robotic Simulation Training

Ahmed Zihni, William Gerull, and Michael M. Awad

 Introduction

Robot-assisted laparoscopic surgery continues to expand 
among surgical modalities in a variety of specialties [1–5]. 
With this expansion, it is increasingly important to provide 
surgical trainees with adequate training to include robot- 
assisted surgery in their independent practices. Additionally, 
just as assessment of basic laparoscopic skills has become a 
prerequisite of graduation from general surgical training, 
assessment of robotic fundamentals may also become a 
requirement of surgical training [6, 7]. Finally, robotics is a 
new and evolving dimension of surgery that holds promise to 
expand into nearly every surgical subspecialty and become 
an important modality that many fully trained surgeons will 
have to learn. For these reasons, developing training strate-
gies and formalized curricula for robot-assisted surgery is a 
critical task for today’s surgical educators.

Robot-assisted surgery represents a unique platform with 
many differences from standard laparoscopy and open sur-
gery. Current robotic systems function through a communi-
cation system in which surgical tasks are performed by a 
platform at the patient bedside, while the surgeon exerts 
direct control over this platform using a console, removed 
from direct contact with the patient. The surgeon’s console 
allows the surgeon to control the laparoscopic camera and to 
“clutch” instruments, making it possible to use their full 
length, while the console masters are kept at a comfortable 
distance from the surgeon. The surgeon may also employ 
more than two working arms at a time by swapping control 
among three engaged instruments. Additionally, different 
instruments can be changed out by an assistant at the patient 
bedside when necessary. This multifaceted construct pres-
ents many training challenges [8, 9]. The added distance 
between the surgeon console and robotic cart requires robotic 

surgery trainees, assistants, and operating room staff to gain 
proficiency at positioning and docking the robot to the patient 
ports. The added distance also requires the operating surgeon 
to learn to perform procedures without haptic feedback. The 
use of clutching, extra instruments for retraction and expo-
sure, and camera driving by the surgeon, rather than an assis-
tant, makes robot-assisted procedures less analogous to their 
laparoscopic or open counterparts. Several studies have 
detailed these aspects of robotic surgery, showing that lapa-
roscopic and surgical skills are not portable across platforms 
and that robot-assisted surgery has a significant learning 
curve, even for experienced surgeons [10–14]. These find-
ings highlight the importance of incorporating dedicated 
robotic training curricula, particularly simulation-based cur-
ricula, into robot-assisted surgical training.

Simulation represents an ideal strategy for robotic surgi-
cal training and is a core component of various emerging 
robotic training curricula [6, 7, 15, 16]. In this chapter, we 
will review the principles of simulation as they pertain to 
surgical training, the simulation models currently available, 
and the instruments available for assessment of training 
progress and competence.

 Simulation

Simulation involves the modeling of a real-world process for 
a variety of purposes including training, education, testing 
and assessment, research, predictive analytics, process 
improvement, investigation, and entertainment. The devel-
opment and study of simulation is a rapidly expanding field, 
particularly with the development of more powerful com-
puter systems that can process increasingly complex simu-
lated systems. Many of the broad uses of simulation are 
applicable in the healthcare setting; however, our focus is on 
simulation as a training, education, and assessment tool in 
robotic surgery. In this context, there are three classifications 
of simulation that form a conceptual framework for discuss-
ing specific simulated systems and training models.
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 Fidelity

The fidelity of a simulation describes how accurately the 
simulation represents the intended reality. A low-fidelity 
simulation is usually a stylized or simplified depiction of a 
system [17]. In surgical training simulations, which are 
almost universally interactive, the interactions between a 
user and a low-fidelity simulation can still produce meaning-
ful outputs. Low-fidelity simulations are often used to prac-
tice basic sub-tasks within a more complex process or to 
engage with the conceptual framework of a process rather 
than its practical function. High-fidelity simulations more 
closely mirror the process being simulated. They accurately 
depict a task for a trainee; therefore, as the fidelity of a task 
performance simulator increases, so does the ability of simu-
lated performance to predict actual task performance.

 Setting

The setting of a simulation can vary, and this is of impor-
tance when it comes to training for high-fidelity complex 
tasks. A live setting, in the surgical context, would be a simu-
lation exercise that takes place in the operating room, the 
surgical ward, or another setting using the equipment, teams, 
and procedures that would be used in the real-world process. 
This form of simulation is commonly seen in operating room 
training drills, emergency response exercises, and team 
building programs. A laboratory simulation is one in which 
the simulated scenario takes place in a setting contrived for 
this purpose. Surgical skills labs, virtual reality environ-
ments, and animal or cadaveric operative models all repre-
sent laboratory simulations.

 Computerization

Advanced computer modeling has revolutionized simulation 
and has led to the development of virtual reality simulators 
for surgical training [18]. In these simulations, a virtual envi-
ronment is simulated by a computer program, and the user 
interacts with the virtual environment to perform the training 
task using various means. In contrast, physical simulations 
involve more traditional practical simulation models.

 Models

 Didactics

In discussing models of simulation for robotic surgical train-
ing, it is important to begin by discussing didactic training. 
While many of these didactic curricula would not necessarily 

be considered simulation, formal education in the concepts 
and theory of robotic surgery is an important foundation for 
further training. A variety of didactic models exist for the 
training of robotic surgeons. Many surgical training institu-
tions employ an ad hoc model in which robotic surgery is 
mentioned in lectures or written coursework within a broader 
surgical training curriculum, but a robotic-specific curricu-
lum is never taught. For fully trained surgeons who are learn-
ing robotic surgery, a similar model takes the form of 
informal proctoring sessions with colleagues. This lack of 
structured robotic training at multiple training levels com-
bined with the increased importance of robotic surgery has 
spurred the development of formal robotic didactic curricula. 
Intuitive Surgical, Inc., has developed a set of training mod-
ules that are accessible online and cover theoretical and tech-
nical topics related to robotic surgery [19]. This online 
program forms the didactic core of robotic surgery curricula 
at several training institutions. In recent years, several text-
books and atlases of robotic surgery have been published that 
may be incorporated into the reading lists of residencies and 
fellowships.

 Practical Simulation

Simulations in a practical environment include all real-world 
or laboratory simulations that do not involve virtual reality, 
which make up a large proportion of robotic training. The 
advantages of these simulations are that they can be very 
high-fidelity, can involve entire care teams instead of one 
individual learner, and can avoid the need to purchase dedi-
cated simulation equipment. Additionally, the Society of 
American Gastrointestinal and Endoscopic Surgeons 
(SAGES) has published a consensus document on robotic 
surgery which included recommended guidelines for creden-
tialing surgeons to perform robot-assisted surgery. For 
attending surgeons who were not formally trained in robotic 
surgery, the consensus group recommended hands-on expe-
rience in a dry lab environment as a necessity prior to 
embarking on actual surgery using a surgical robot [20].

One of the critical aspects of this form of simulation is in 
the room and robot setup. Robotic surgical cases require a 
precise sequence of actions to appropriately prepare the 
robotic platform prior to the case. This sequence includes 
how to drape the robot, position the patient appropriately for 
robotic surgery, and dock the robot to the patient once sur-
gery has been initiated. These actions differ from the typical 
workflow of a laparoscopic or open surgical case and can 
often lead to a significant time expenditure in the operating 
room, which has been shown to reliably diminish as surgeons 
progress along the robotic surgery learning curve. Often, 
robotic training entails a hands-on simulated setup in a simu-
lation lab with a robotic surgery platform or in an actual 
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robotic operating room at a time when the room is not in use. 
The learner is coached in the basics of preparation for robotic 
surgery, including draping the robot, maneuvering the arms 
into place, docking, and swapping instruments. A similar, 
more complex form of simulation is team-based simulation 
focused on communication and problem-solving within a 
team during robotic surgery [21].

Basic console use is another area of robotic surgery often 
taught in a lab environment using a dedicated training robot 
or a robotic platform in the OR during a time when it is not 
in use. In addition, introductory-level robotic training courses 
are available around the country for surgeons at the senior 
trainee and attending levels to become familiar with robotic 
technology. In this environment, the learner is proctored in 
basic console use including console setup, camera control, 
and clutching.

Low-fidelity dry lab simulations have long been a main-
stay of training in open and laparoscopic surgery and in 
recent years have been widely adapted for use with robotic 
platforms. Simple suturing and knot-tying boards, made 
from a variety of materials, are used by learners to practice 
basic operative skills outside of the operating room [22]. 
These tools are widely used in medical student and intern 
“boot camp” programs to teach fundamental skills prior to 
clinical immersion. Suture boards, including several robot- 
specific variants, have been used to similarly practice basic 
operative skills such as tissue handling, suturing, and knot 
tying, during robot-assisted surgery. A very broad array of 
box-based simulators have been developed for laparoscopic 
surgery. These constructs are based on a system in which a 
camera and laparoscopic instruments are introduced into a 
box, simulating a body cavity, to perform a task within. The 
tasks performed are generally low-fidelity simulations of 
common surgical actions like tissue manipulation, dissec-
tion, targeting and grasping objects, and intracorporeal sutur-
ing. The most important of these simulations are the required 
tasks in the Fundamentals of Laparoscopic Surgery (FLS) 
program developed by SAGES and the American College of 
Surgeons (ACS) [23]. This program also includes a didactic 
curriculum focused on laparoscopic surgery, and general sur-
gery residents are required to pass a written exam and a skills 
assessment based on the FLS tasks to take the American 
Board of Surgery (ABS) qualifying exam for certification. 
Therefore, the FLS tasks and performance goals are almost 
universally known in surgical training programs nationwide 
and have been very extensively validated in a broad evidence- 
based research studies [23–27]. With the advent of robotic 
surgery, most FLS tasks were found to be easily adaptable to 
the robotic platform and were found to be similarly useful in 
developing and assessing surgical skills on the robotic plat-
form. FLS-based tasks were used as a task performance 
model in many early studies on robotic surgical skills acqui-
sition, ergonomics, and performance evaluation [23, 28–30]. 

They remain an important educational tool for robotic sur-
geons around the country. Additionally, the Fundamentals of 
Robotic Surgery (FRS) program, an educational project 
funded by the Department of Defense and Intuitive Surgical, 
Inc., was modeled on FLS and has developed a didactic cur-
riculum, written examination, and trainer box-based perfor-
mance assessment for proficiency certification in robotic 
surgery. An analogous virtual reality-based robotic surgery 
proficiency examination has also been developed, and vali-
dation studies comparing the two assessments are currently 
underway [7].

High-fidelity in vivo, explant, and cadaveric models are 
important simulation models for robotic surgery. These mod-
els allow a surgeon to practice live surgery on an animal 
model or use a cadaver or ex vivo model to perform surgery 
on true-to-life human anatomy. A simulation lab must be 
equipped not only with a robotic surgical platform but also 
with the capability to safely perform animal or cadaveric 
procedures for this form of simulation, making it a complex 
and expensive model. It is, however, the highest fidelity form 
of simulation for the manipulation of tissue, the interaction 
between the robotic platform and physical specimen, and the 
considerations related to operating within a living model. A 
large body of literature supports the use of animal and cadav-
eric models for robotic surgical simulation. These models are 
particularly useful in the development and propagation of 
new techniques and in expanding the indications of the 
robotic platform to surgical specialties and procedures where 
it previously had not been used [15, 26, 31, 32].

 Virtual Reality Simulation

The use of virtual reality (VR) in surgical simulation repre-
sents a leap forward in simulation technology. VR holds 
promise for profound future advances as the technology con-
tinues to develop. Strictly speaking, VR refers to any 
computer- generated environment that is designed to give the 
user the sensation of being present within the environment 
rather than observing the environment. Current VR technol-
ogy is usually based on a headset which projects binocular 
video to generate a three-dimensional image, utilizes head-
phones or speakers to produce three-dimensional sound, and 
incorporates gyroscopes and other motion sensors to track 
the motion of the headset to generate corresponding sensory 
inputs. In this way the user is immersed in the virtual setting 
through the sound and visual senses. Since VR has found its 
broadest application in video gaming, these systems often 
include handpieces or controllers that allow for interaction 
with the virtual environment. This basic construct theoreti-
cally allows interaction with any virtual environment and 
could be used to simulate open surgery, laparoscopic sur-
gery, robotic surgery, or endoscopic surgery. It could also be 
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used to simulate real surgical procedures under various con-
ditions in living patients or clinical interactions outside of 
the operating room. In addition, VR systems allow for track-
ing of a variety of parameters that are very difficult to track 
in practical simulation models, such as economy of motion 
and simulated tension on tissues [33–35]. Finally, VR tech-
nology has the potential for allowing unique interactions 
between educators and learners [15, 28, 31]. For example, 
VR systems can allow a learner to visualize and emulate the 
exact actions of an expert performing a task. VR also allows 
for the possibility of telementoring, in which a remote expert 
can interact with and direct a learner or a group of learners 
within a virtual environment.

The potential of VR technology for surgical training and 
research is enormous, but currently its use is held back by the 
limits of graphics processing, haptic technology, and artificial 
intelligence. Robotic surgery, however, represents an ideal use 
for VR simulation. Current robotic VR simulators employ a 
console very similar to actual robotic surgery consoles, with 
computer-generated images projected into its eyepieces. The 
user can interact with objects in the VR environment using 
console handpieces just as they would during live robotic sur-
gery. Since robotic surgical systems do not provide the user 
with haptic feedback from the surgical field, the VR system 
does not have to simulate haptics, eliminating one of the major 
hurdles in true-to-life surgical simulation. Additionally, the 
VR environment is projected into a console rather than a free-
floating headset, eliminating the disorientation and vertigo 
that can be associated with VR environments. However, given 
the computational limit of modern computers, a high-fidelity 
simulation of complex surgical operations is not yet available 
on robotic VR platforms. Instead, the most commonly used 
VR simulators are equipped with training modules that simu-
late basic surgical tasks such as camera driving, targeting and 
transferring objects, pattern cutting, suturing and knot tying, 
basic use of surgical energy, and tissue manipulation [6, 33]. 
Metrics are collected via modules that are graded by difficulty, 
task completion time, motion parameters, and various faults, 
with a defined performance goal set for passing the module. 
This metrics collection feature allows learners to track their 
own performance and educators to design curricula using a set 
of modules that learners must complete to achieve basic profi-
ciency. Several such curricula have been proposed, and several 
groups are currently at work validating VR-based curricula for 
robotic surgery and associating their use with surgeon and 
patient outcomes [6, 16, 34, 36].

 Assessment

Most uses of surgical simulation involve assessment tools to 
determine utility of the simulation and evaluate the progres-
sion of users during the simulation. Two broad categories of 

learner assessment with wide application in surgical simula-
tion are subjective and objective assessments.

 Subjective Assessment

Subjective assessments are those that depend on the perspec-
tive of the user interacting with the simulation. These assess-
ment tools are important for understanding how individuals 
perceive their interactions within a simulation and are useful 
for designing and improving simulated constructs. Subjective 
assessment tools can be simple surveys specific to a particu-
lar simulation, which provide focused and relevant data but 
are often not generalizable. Other subjective assessment 
tools are designed and validated for broad applicability to 
almost any task, such as the NASA task load index (NTLX), 
a survey instrument that assesses various domains of work-
load during task performance [16, 21, 23].

 Objective Assessment

A variety of objective evaluations on user performance have 
been applied to robotic simulation. The most important of 
these is the performance evaluation necessary to achieve 
certification in the Fundamentals of Robotic Surgery (FRS) 
program. Objective evaluation of learners by mentoring sur-
geons is also necessary, and several tools have been devel-
oped for this purpose. Our group developed a robot-specific 
adaptation of the Ottawa Surgical Competency Operating 
Room Evaluation (RO-SCORE), and several other similar 
evaluation tools have been reported in the literature [16, 
37–41]. VR simulators also provide a variety of metrics on 
performance time, motion, and task quality. These objective 
measures of task performance can be interpreted to track 
performance and identify specific parameters for improve-
ment. Finally, our group and others have used objective 
ergonomic measures, as quantified by surface electromyog-
raphy (sEMG), to quantify physical stress during task per-
formance on simulated tasks and live operative procedures 
[23, 42, 43].

 Conclusion
Surgical simulation tools are increasingly important in 
training, research, and skills assessment. They hold particu-
lar importance in robotic surgery, where simulation is cen-
tral to educational curricula, skills assessment, and 
certification criteria. As VR technology continues to prog-
ress, it promises to revolutionize surgical simulation even 
further. Future research into robotic surgical simulation 
will be necessary to describe the effects of advanced sim-
ulation models and curricula on patient and surgeon 
outcomes.
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Robotic Resident and Fellow Surgery 
Training

Jamil Stetler and Ankit D. Patel

 Introduction

Robotic surgery has been growing for over a decade and has 
even become the preferred approach for certain surgical pro-
cedures. Currently, the only commercially available system 
in the United States is manufactured by Intuitive Surgical 
and marketed under the da Vinci ® platform. It is now esti-
mated that one in four US hospitals has at least one da Vinci 
robot [1]. Over half a million worldwide da Vinci robotic 
procedures were performed in 2014, which is a 178% 
increase compared to 2009, with majority of these cases 
being performed in the United States [1]. This growth has 
been seen across most specialties, and in fact, general sur-
gery is one of the fastest growing specialties using robotic 
technology. Approximately 140,000 robotic surgeries were 
performed in general surgery in 2015, which is 31% more 
than in 2014 [2]. Therefore, whether residents decide to work 
in an academic-, a private-, or a hospital-based practice, 
there is a high likelihood that they will have exposure to this 
technology during their careers. With its adoption and growth 
across the country, residency programs need to incorporate 
robotic training into their curriculums.

The addition of new techniques/technology into resident 
training is not new. For example, the boom of laparoscopy in 
the 1990s heralded new training paradigms and curriculum 
for residents. During the adoption period of laparoscopy, 
there were similar barriers and concerns about its impact on 
surgical resident training and whether residents would have 
adequate exposure to open surgical approaches. Now, major-
ity of cases that were routinely performed in an open fashion 
are predominately offered in a minimally invasive form 

which has improved patient recovery, decreased postopera-
tive pain, shortened hospital length of stay, reduced overall 
cost, and reduced postoperative complication rates. With its 
growth and acceptance, it became a cornerstone of general 
surgery resident training. The Fundamentals of Laparoscopic 
Surgery ® (FLS) program was born from this and is now a 
validated curriculum being used at all general surgery resi-
dencies; the American Board of Surgery has added it as a 
requirement for general surgery trainees [3, 4].

Today, general surgery widely accepts laparoscopy; how-
ever, some of the same negative past sentiments toward lapa-
roscopy are now repeating themselves toward the emerging 
popularity of robotic surgery and are likely slowing the inev-
itable widespread adoption of this technology. To date, there 
is no standardized robotic surgery training curriculum. 
However, in the future, there will likely be fundamental 
robotic skill requirements for graduating general surgery 
residents just as there are for laparoscopy. Robotic surgery 
curricula do exist, and examples include da Vinci Surgery 
Community (Intuitive Surgical Inc., Sunnyvale, CA, www.
davincisurgerycommunity.com), Fundamentals of Robotic 
Surgery (FRS, http://frsurgery.org/), or individual residency 
programs that have adopted their own curriculum [5, 6]. 
Prior studies have validated and identified unique skills/tasks 
that are required to perform robotic operations and have 
developed comprehensive proficiency-based robotic training 
curriculum; however, there are some challenges, namely, 
access to the platform and cost to incorporating these models 
into training curriculum [7].

 Challenges to Resident Robotic Training

 Access

Many residency programs have a robotic platform at their 
institution. However, resident access to the platform at each 
institution varies widely. Additionally, not every institution 
has general surgery attendings that routinely use the device 
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for their procedures, and at institutions where the use of 
robotics in general surgery is growing, these new users are 
still going through their learning curve, which may limit 
teaching to the residents. Farivar, B et  al. conducted a 
national survey of residents at 240 ACGME-approved sur-
gery training programs in 2013, of which only 193 residents 
responded [8]. However, they noted that 96% of their 
responders had robot systems at their institution, with 63% 
of the respondents reporting that they participated in robotic 
cases [8]. Most assisted in ten or fewer robotic cases with the 
most common exposure consisting of robotic trocar place-
ment, docking, and undocking [8]. Strikingly, only 18% 
operated at the robotic console [8].

 Cost

In an ideal world, residents would be able to train in a simu-
lated setting and/or in the operating room with a dual console 
platform. However, for most this is not feasible given the 
additional cost of acquiring a stand-alone robotic simulator 
(~$85,000–100,000) and a backpack that attaches to a con-
sole ($75,000–85,000 not including the console), having a 
full robotic platform purely for simulation, or having a dual 
console in the operating room (~$500,000 for additional 
console). Additionally, unlike in laparoscopy where rela-
tively affordable box trainers can offer simulation to achieve 
proficiency in fundamental skills, this is not an option for 
learning robotic surgery.

 Duty Hours

The Accreditation Council for Graduate Medical Education 
(ACGME) implemented the 80-h workweek reforms in 
2003, with further restrictions added in 2011. These new 
constraints resulted in residency programs restructuring 
their training curriculum and concentrating their training 
efforts in order to accommodate these changes. As a conse-
quence, some training programs are struggling to meet 
basic training requirements for general surgery training 
given the time constraints by the current duty hour restric-
tions. This has caused some residents to feel undertrained 
when completing residency and opting for further training 
in various specialty fellowships. Adding another training 
requirement on top of the current training model will be 
difficult and may take away from other training experiences 
like laparoscopy. Currently, completion of Fundamentals of 
Laparoscopic Surgery ® (FLS) and Fundamentals of 
Endoscopic Surgery ® (FES) are required to qualify for 
general surgery boards, while no robotic requirements 
exist. Given this, most institutions are likely to prioritize 
training in these areas.

 Impact on Laparoscopy Skills

Implementing robotic surgery training into the general sur-
gery curriculum will likely decrease laparoscopic case vol-
umes as well as directly impacting resident participation in 
those cases [2]. Mehaffey et al. reviewed all of the patients at 
their institution who underwent laparoscopic or robotic cho-
lecystectomy, inguinal hernia repair, or ventral hernia repair 
from 2011 to 2015. They analyzed 2391 cases, of which 162 
were performed robotically, over that 5-year period. They 
found that as robotic surgery was being adopted, there was a 
decrease in the number of laparoscopic cases being per-
formed [2]. Additionally, they found that less than 20% of 
robotic cases were being performed primarily by trainees 
[2]. Furthermore, laparoscopic cases that were usually dele-
gated to junior residents, such as cholecystectomy and hernia 
repairs, were now covered by chief resident 89% of the time 
when performed robotically [2]. In summary, they noted a 
decrease in the number of laparoscopic cases being per-
formed, decreased overall trainee involvement in these cases, 
and an upward shift in the level of resident performing the 
operations. Programs implementing robotic surgery into 
their curriculum will have to balance their residents acquir-
ing the necessary fundamentals of laparoscopy with learning 
the fundamentals of robotic surgery.

 Goals of a Robotic Curriculum

In a general surgery program, trainees performing open or 
laparoscopic surgery progress in a stepwise fashion from a 
level of observation to operating independently. The same 
holds true for robotic surgery training. Trainees should prog-
ress from observation, to bedside assisting, to console time, 
and finally to operating autonomously and teaching their 
juniors. Prior to this succession, trainees should complete 
didactic training modules and some form of simulation. The 
goal of general surgery residency should be to help residents 
become well versed in the robotic platform components, 
indications for use, benefits, and limitations of the current 
technology and develop proficiency in basic robotic skills. 
Even if the trainees are not planning to use the platform in 
their practice, they will likely be called upon at some point in 
their career to assist other services using the robot platform 
(i.e., urology, gynecology, surgical oncology, etc.) for intra-
operative assistance, and it may behoove them to have basic 
training.

 Acquiring Basic Skills

Learning and mastering the principles of general surgical 
technique are few of the main goals of all general surgery 
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residency training programs. The principles of surgical tech-
nique do not change whether the procedure is performed 
openly, laparoscopically, or robotically. Residents who learn 
how to perform open or laparoscopic surgery at a high level 
will be able to accomplish these procedures whether they use 
a robotic platform or any new emerging technology. 
Furthermore, majority of basic skills learned in laparoscopy 
are translatable to robotic surgery. Therefore, trainees at pro-
grams with strong laparoscopy training will acquire these 
skills more easily.

The curriculum we suggest should be based on four com-
ponents: didactic learning (www.davincisurgerycommunity.
com or frsurgery.org), bedside assistant training, simulation 
(robotic simulator pack or dry lab simulation), and training 
in the operating room. The online didactics at www.davinci-
surgerycommunity.com cover the basics of the Si and Xi sys-
tems including the surgeon console controls, patient cart, 
vision cart, docking, instrument placement and exchange, 
and safety features. These modules are available free to any-
one associated with a training program. After completing all 

the required modules, the trainee will obtain a certificate of 
completion. The curriculum available at FRS is very similar 
and could also be used; however, at this time, completion of 
those modules does not count toward the equivalency certifi-
cate issued by Intuitive.

Bedside assistant training will allow the trainee to learn 
port placement, patient positioning, and instrument exchange, 
gain a better understanding of the equipment needed to per-
form the case, understand how to assist at bedside, observe 
surgical technique required for various cases, and trouble-
shoot issues that may arise at bedside, such as arm collisions 
or errors. The trainee should have bedside training involving 
all components of the robotic platform in a non-operative 
setting by an experienced instructor to cover these topics, 
after which a minimum of 5–10 bedside assistant cases 
should be completed (this number of bedside assistant cases 
has been generally accepted by other authors) [9]. At our 
institution we require ten bedside assistant cases, and the 
trainee must track and report these cases to the residency 
program so that they can be filed (Fig. 3.1).

Place stickers from cases in which you were the bedside assistant and participated in inserting
trocars, docking the robot, and inserting and exchanging instruments. You need a minimum of 10
cases. Copy this page as needed and turn in completed forms.

Patient Sticker Date Attending Operation

Name SignatureFig. 3.1 Bedside assist log

3 Robotic Resident and Fellow Surgery Training

http://www.davincisurgerycommunity.com
http://www.davincisurgerycommunity.com
http://frsurgery.org
http://www.davincisurgerycommunity.com
http://www.davincisurgerycommunity.com


22

Simultaneously, the trainee should participate in simula-
tion. The type of simulation will vary at every institution 
based on what resources are available. If a stand-alone simu-
lator or backpack is available, the trainee should complete 
the simulation program tasks that focus on teaching wrist 
manipulation, camera movement, instrument clutching, nee-
dle manipulation and suturing, fourth arm use, dissection, 
and application of energy. These tasks should be completed 
until a level of proficiency has been met or to a set score. At 
our institution, we require a score of 90% or greater, and the 
residents must provide documentation of task completion to 
the residency program (Fig. 3.2). Studies have validated the 

simulator and identified the unique skills/tasks that are 
required to perform robotic operations [7]. Some institutions 
may have access to a full robotic platform in a dry lab setting 
which can be used to practice more bedside robotic skills. 
However, this level of simulation may be cost prohibitive for 
most training programs.

Finally, the trainee will have the opportunity to gain oper-
ative console experience in a supervised fashion by an expe-
rienced robotic surgeon. The portions of the case the trainee 
will be able to complete will be dependent on the attending 
surgeons and the trainee’s level of experience. Just as in open 
or laparoscopic surgery training, the trainee should have the 

Submit when completed:

Camera and Clutching →
   Camera Targeting 1

Camera and Clutching →
   Camera Targeting 2
Endowrist Manipulation 1→
   Pick & Place

Endowrist Manipulation 1→
   Peg Board 1

Endowrist Manipulation 1→
   Peg Board 2

Energy & Dissection →
   Energy Switching 1

Energy & Dissection →
   Energy Switching 2

Energy & Dissection →
   Energy Dissection 1

Energy & Dissection →
   Energy Dissection 2
Needle Control →
   Needle Targeting

Needle Control →
   Thread the Rings

Needle Driving →
   Suture Sponge 1

Needle Driving →
   Suture Sponge 2

Needle Driving →
   Tubes

Module Date Completed Score (%)

Resident:

Signature

Date

Name

Verified by:

Name

Fig. 3.2 Simulator module 
completion log. Trainee must 
score ≥90% on each module
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opportunity for graduated responsibility and autonomy. The 
trainee should get exposure to a mixture of common general 
surgery pathology and systems such as hernia, foregut, bili-
ary, solid organ, and intestinal tract cases. Ideally, cases 
would be performed using a dual console system, but this is 
obviously not mandatory as not every program has access to 
this system. The supervising surgeon will have to assess each 
residents’ capabilities and allow for graduated intraoperative 
responsibility while being readily available to take over 
when needed, just as with open and laparoscopic cases. At 
our institution, we require trainees to track their console sur-
geon cases. They must document the completion of at least 
20 console cases where they performed a significant portion 
of the case (Fig. 3.3). Residents in their final year of training 
that have completed the requirements will be evaluated by 
the supervising robotic surgeons for their last five cases as 
console surgeon (Fig. 3.4).

A physical curriculum should be provided to the resi-
dents, and they will be responsible to complete each step in 
the curriculum and provide documentation of completion to 
their education department. If satisfactory, the residents will 
receive a certificate of completion. Ultimately, privileges for 
performing robotic surgery will be determined by the train-
ee’s future hospital of employment and their surgical privi-
leges committee. However, having documentation of 
completion of basic requirements and case logs may aid in 
acquiring privileges.

 Acquiring Advance Skills

High-volume robotic centers may have the case numbers and 
exposure to robotics for residents to learn more advance pro-
cedures. However, at this point in time, the majority of train-

Place stickers from a minimum of 15 cases in which you were the console surgeon and
performed a significant portion of the case. Copy this page as needed and turn in completed
forms.

Patient Sticker Date Attending Operation

Name Signature
Fig. 3.3 Console surgeon 
resident case log
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ing programs do not have the case volumes to offer this to 
every general surgery resident. For these trainees who wish to 
add these capabilities, they may need more advanced training 
in minimally invasive surgery fellowships, in new robotic sur-
gery fellowships, or in postgraduate case proctoring.

To date there are no standardized national curriculums for 
robotic surgery, and there are several challenges to 
 implementing robotic surgery curriculums. Each training 
program will have to assess their access to the platform, 
caseload, and number of residents in their program to develop 
the most appropriate curriculum for their situation.

 Summary

We are currently in an age of robotic surgery and are seeing its 
exponential growth across multiple surgical fields. Residents in 
training are now getting increased exposure to the platform and 
will likely have to assimilate its use into their future practices, 

but there is no standardized curriculum for robotic training. 
General surgery training programs are now having to develop 
their own training curriculum to prepare their trainees. As out-
lined in this chapter, there are several challenges to incorporat-
ing these curricula. The goal of a robotic training curriculum 
should be that trainees become well versed in the robotic com-
ponents, indications for its use, benefits, and limitations of the 
current technology and develop proficiency in basic robotic 
skills. Trainees should progress in a stepwise fashion from a 
level of observation to operating independently. A complete 
curriculum should start with some form of didactic learning. 
Next, trainees should complete bedside assist training with a 
focus on learning port placement, patient positioning, and 
instrument exchange, observing surgical technique required for 
various cases, and troubleshooting issues that may arise at bed-
side, such as arm collisions or errors. Then, the trainee should 
complete  simulation exercises, whether on the simulator packs 
or in a dry lab setting. Lastly, the trainee should progress to 
console surgeon with direct attending supervision. These 

This form is for residents in their final year who have already performed 15 cases as console
surgeon. The evaluation is to be completed by the attending physician and reviewed with the
resident at the completion of the case. Make a copy of this form for each case and turn forms in
when complete. You must perform this evaluation for at least 5 cases.

Patient Sticker Resident

Operation

Date

Skill Adequate
More Practice

Recommended

Demonstrates understanding of trocar placement
and spacing
Understands principles of docking and is able to
dock in a timely fashion
Uses camera appropriately and is able to focus the
camera
Demonstrates appropriate clutching and maintains
hands in a comfortable workspace

Demonstrates ability to use third arm and switch
between instruments
SAFETY: Does not move instruments that are not in
view

SAFETY: Recognizes tissue response to assess grip
strength and handles tissue appropriately
Demonstrates ability to troubleshoot system and
manage collisions

Please comment on areas of strength:

Please comment on opportunities for improvement:

The resident demonstrates competency on the robotic system.

Attending Name Attending Signature

YES NO

Fig. 3.4 Chief year case log
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requirements can be dispersed throughout a 5-year general sur-
gery program, with tasks assigned to level appropriate post-
graduate years (Fig. 3.5). The trainee should track their progress 
throughout the curriculum and provide documentation to their 
programs for filing. At the time of graduation, residents will 
receive a letter of completion documenting their experience 
and competency. While all hospitals will have different require-
ments regarding surgical readiness, documentation of adequate 
robotic training in residency could ultimately replace any 
industry-sponsored training.
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I.  PGY-1/2
 a.  Complete online training
 b.  Attend a hands-on course
 c.  Complete all required modules on the simulator
 d. Observer or bedside assistant for robotic cases
 e.  Perform portions of hernia/sleeve cases
 f.  Practice on the simulator
2.  PGY-3/4
 a.  Completed all of the above
 b.  Continue practice on the simulator
 c.  Perform portions of robotic hernia/foregut operations/cholecystectomies
 d. Perform portions of the mobilization in segmental colectomies
3.  PGY-5
 a.  Completed all of the above
 b.  Perform complete cases
 c.  Assist junior residents in robotic procedures

Fig. 3.5 Activities by 
postgraduate years
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Medicolegal Issues in Robotic Surgery

Elizabeth M. Hechenbleikner and Brian P. Jacob

 The Rise of Robotic Surgery

Surgeons’ use of robotic platforms to perform surgery is on 
the rise and will continue to expand globally for years to 
come before becoming mainstream. The marriage between 
robotics and surgery continues to evolve and become more 
durable. Across the 1980s and 1990s, the expansion in min-
imally invasive surgical procedures was largely limited to 
laparoscopic technology and instruments. During this time, 
the emergence of robotic technology was in part ignited by 
collaborations between NASA and the Stanford Research 
Institute (SRI) to develop telesurgery models [1]. 
Subsequently, the US Army funded efforts with the help of 
the SRI to build mobile vehicle-based robotic surgical arms 
that were controlled by surgeons at workstations housed at 
surgical hospitals; these efforts were intended for damage 
control surgery in wounded soldiers but thus far have only 
been implemented in animal models [2]. Naturally, military 
efforts toward expansion of surgical robotics ultimately led 
to commercialization by early front-runners like Integrated 
Surgical Systems, Inc., and Computer Motion, Inc. Despite 
the advent of ROBODOC® for orthopedic surgery and the 
Aesop® system for laparoscopic camera manipulation, the 
real juggernaut of robotic surgery is the da Vinci® Surgical 
System launched by Intuitive Surgical, Inc., and approved 
by the US Food and Drug Administration (FDA) in 2000 
for general laparoscopic procedures. With increasingly 
sophisticated da Vinci® models and FDA approval across 

multiple surgical specialties, thousands of units have been 
sold worldwide [3] with over 7000 peer-reviewed publica-
tions to date [4].

 Stakeholders at Medicolegal Risk in Robotic 
Surgery

When a patient undergoes a robotic surgery, there are many 
stakeholders at risk for medicolegal compliance as summa-
rized in Table 4.1.

 Available General Surgery Guidelines 
for Surgical Robotics

Several years after FDA approval of the da Vinci® system, 
the Society of American Gastrointestinal and Endoscopic 
Surgeons (SAGES) and Minimally Invasive Robotic 
Association (MIRA) convened an international multidisci-
plinary group in 2006 (the SAGES-MIRA Robotics 
Consensus Conference) to establish guidelines and a broad 
consensus statement on the tenets of implementing robotic 
surgery [5]. Some of the key areas addressed during this con-
ference were as follows: (1) training and credentialing, (2) 
appropriate clinical applications, and (3) patient risks. Patient 
outcomes were briefly addressed across multiple specialties 
including gynecology, urology, general surgery, and thoracic 
surgery. Key limitations identified included lack of appropri-
ate training and paucity of outcomes data. Furthermore, 
some of the patient risks addressed in the consensus state-
ment included the absence of haptic or tactile feedback in 
current robotic technology, mechanical and electronic device 
failures, and institutional risks for maintaining robotic sys-
tems in accordance with manufacturer recommendations [5].

More recently, the SAGES Technology and Value 
Assessment Committee (TAVAC) published a consensus 
statement in 2015 based on a comprehensive literature review 
of the use of the da Vinci® system for gastrointestinal sur-
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gery across a variety of surgical specialties including  foregut, 
bariatric, hepatopancreaticobiliary, and colorectal [6]. In 
general, robotic-assisted surgical approaches had similar 
outcomes to laparoscopic approaches but frequently had lon-
ger operative times and increased costs. The authors con-
cluded that the da Vinci® system appeared to have similar 
morbidity, mortality, and overall benefits when compared to 
standard laparoscopy but required adequate training and 
experience. Moreover, future high-quality research is 
required to better evaluate patient outcomes, satisfaction, 
and healthcare costs associated with robotic- vs. laparoscopic- 
assisted surgery.

 Global Market Expansion in Surgical 
Robotics

Since the SAGES-MIRA Robotics Consensus Conference in 
2006, the global surgical robotics market has continued to 
see astronomical growth and expansion. Annual US-based 
volume for robotic-assisted laparoscopic procedures dramat-
ically increased from roughly 40,000  in 2006 to over 
300,000 in 2011 (Fig. 4.1) [7]. By 2025, the surgical robotics 
market is projected to be worth over $12 billion worldwide 
with da Vinci® robots expected to lead the way with the larg-
est global installation volume across 2016. While gyneco-
logic specialties dominated the market value and case volume 
in 2016, general surgery cases will likely account for the 
highest procedural volume by 2025. Hospitals are the lead-
ing source of purchasing and installing robotic systems, par-
ticularly in North America, with continued growth also being 
seen in ambulatory surgical centers [8].

Across 2017, the annual revenue for Intuitive Surgical 
alone was over $3 billion. The majority of the company’s 
revenue was accounted for in instrument and accessory 

equipment which is intimately associated with overall usage 
and case volume. The overall 2017 procedure volume for da 
Vinci® systems was almost 900,000, largely due to global 
increases in urologic procedures as well as US-based general 
surgery cases [9]. The skyrocketing progress in da Vinci® 
case volume and profits is matched by a very aggressive sales 
and marketing infrastructure and culture at Intuitive Surgical; 
with the push to implement this technology, not surprisingly, 
there has been a rapid rise in adverse safety event reporting 
along with an increasing numbers of lawsuits [10].

 Safety Concerns in Surgical Robotics 
and the MAUDE Database

In order to evaluate the publicly available information on 
safety concerns regarding a device, some turn to the MAUDE 
database. While this database is NOT to be used to evaluate 
the rates of adverse events, the publicly available MAUDE 
(Manufacturer and User Facility Device Experience) data-
base contains all FDA-mandated and voluntary adverse event 
reports for medical devices. It is limited in that it is self- 
reported and clearly will not capture all adverse events.

In a 2016 comprehensive review of the MAUDE data-
base, Alemzadeh et al. reported 10,624 adverse events across 
a 14-year period (2000–2013) associated with the use of 
robotic systems in a variety of procedures and surgical sub-
specialties [11]. The overwhelmingly majority of these 
reports were submitted by manufacturers and distributors 
with an estimated adverse event rate per procedure of <0.6%; 
Fig. 4.2 demonstrates annual adverse event reports as well as 
adverse event reports per 100,000 procedures. In addition, 
14.4% of adverse events led to serious patient injuries includ-
ing 144 deaths along with other negative outcomes like 
device malfunctions which were identified in 76% of overall 

Table 4.1 Stakeholders involved in robotic surgery and their associated responsibility

Stakeholder Responsibility
Device manufacturer All device-, instrument-, or implant-related use and safety issues

Device-related training of surgeons
Device-related training of surgical assistants and operating room staff
Device-related training to the hospitals

Primary surgeons and their surgical team (bedside surgical 
assistants, residents, nurses, staff, etc.)

Safe use of the device and instruments within reasonable acceptable surgical 
standards
Providing preoperative, intraoperative, and postoperative patient care as per 
one’s local acceptable standards
Ethical and factual advertising and dissemination of claims
Conflict of interest management

Hospital and institutions All device or implant processing and sterilization issues
Providing adequate device maintenance
Providing accurate advertising and marketing claims
Providing adequate credentialing criteria for all users
Providing adequate training to staff, nurses, surgical residents, etc. as 
appropriate
Assuring quality control of outcomes

E. M. Hechenbleikner and B. P. Jacob
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reported events. From 2006 to 2013, total annual robotic pro-
cedure volume increased by 10-fold along with a 32-fold 
increase in absolute annual adverse event reporting. While 
the annual estimated adverse event rate per procedure was 

roughly 0.55% from 2004 to 2011, this nearly doubled to a 
peak of 1% across 2013; despite this increase, patient  injuries 
and deaths per procedure have fortunately remained rela-
tively stable from 2007 to 2013 [11].
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Fig. 4.1 Annual US and 
International Robotic- 
Assisted Procedure Volumes 
(2004–2011). (From Cooper 
et al. [7], with permission of 
Wolters Kluwer Health, Inc.)
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Fig. 4.2 MAUDE database annual adverse event reports and adverse 
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intervals for the proportion estimates for the absolute adverse events as 
well as the adverse events per 100,000 procedures. (From Alemzadeh 
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Moreover, studies have demonstrated both underreporting 
and errors in adverse event reporting in the MAUDE data-
base, including robotic surgery procedures [7, 12]. Cooper 
et al. cross-referenced MAUDE reports from 2000 to 2012 
for da Vinci®-related complications with legal and public 
record databases to look for discrepancies in reporting; the 
authors determined that a total of eight cases reported to the 
FDA were either “inaccurate, filed late, or not filed.” Across 
the 13-year study period, 245 injuries were reported includ-
ing 71 fatalities. The majority of patient deaths were follow-
ing gynecology, urology, or cardiothoracic cases (n  =  49, 
69%), while only three deaths (4%) were associated with 
general surgery procedures. In addition, Cooper et al. catego-
rized the top 3 causes of patient deaths as follows: hemor-
rhage (29.6%), not reported (28.2%), and sepsis (14.1%).

Intuitive Surgical has faced many product liability claims 
from surgeries performed on da Vinci® systems since the 
mid-2000s. By the end of the 2017 fiscal year, the company 
was actively named as a defendant in approximately 43 sepa-
rate product liability lawsuits as well as a larger multi- 
plaintiff lawsuit involving 55 patients from multiple states 
related to injuries and/or deaths following procedures per-
formed on da Vinci® systems. Some of these lawsuits are 
seeking damages related to complications from specific 
instruments, several of which have already been recalled 
from the market. In addition, inadequate surgeon training 
and failure to warn hospitals about the risks of inadequate 
surgery training have been noted. In one trial, Taylor vs. 
Intuitive Surgical, Inc., that finally concluded in February 
2017, the case went all the way to the level of the Washington 
Supreme Court where they eventually ruled that the lower 
courts should have told Intuitive that it had a duty to warn the 
hospital making the robotic device purchase, not just the 
operating surgeon, about the dangers of robotic-assisted sur-
geries [13].

Furthermore, Intuitive has reported $16.3 million of pre-
tax expenses toward settling some of these product liability 
lawsuits in addition to $12.8 million in other related liabili-
ties [14]. To date, there are no studies or reports evaluating 
direct or indirect healthcare-related costs to patients and/or 
hospitals as a result of injuries incurred during procedures 
performed on robotic systems.

 Professional Liability and Litigation

The legal principles that impact professional liability are 
consistent throughout medicine as well as surgery, including 
surgical robotics. Three key factors often addressed in litiga-
tion against surgeons are direct harm or injury to a patient, an 
error made by the physician, and causality between that error 
and harm. Surgeons are liable for the safe and effective exe-
cution of their practice encompassing everything from indi-

cations for a particular procedure to thorough informed 
consent as well as maintenance of appropriate education and 
skills-based training with the ultimate goal of preventing 
harm to patients. Robotic surgery has the added requirement 
of understanding the practical aspects of operating and trou-
bleshooting the robotic system itself but also acquiring the 
technical skill for safely operating the device in patients [15].

While the FDA does not act as regulatory organization 
overseeing the practice of medicine and surgery, it does regu-
late the marketing and distribution of medical devices like 
the da Vinci® Surgical System [16]. The da Vinci® system 
was ultimately approved as a Class II medical device which 
is generally defined as a device with the small but real pos-
sibility of leading to patient harm; these devices must meet 
certain manufacturing and engineering as well as medical 
device reporting standards along with FDA-mandated com-
prehensive training for all surgeons and hospital teams using 
the system. The Class II device designation has also allowed 
Intuitive Surgical to apply for multiple da Vinci® 510(K) 
authorizations from the FDA across a wide variety of surgi-
cal procedures and specialties; essentially, these authoriza-
tions are “substantial equivalent” designations to laparoscopic 
surgery for these various procedures [16, 17]. Additionally, 
medical devices under 510(K) clearances are subject to prod-
uct liability lawsuits which is of paramount importance in 
robotic surgery [16].

Litigation related to surgical robotics typically encom-
passes several different areas of the law including product 
liability, medical malpractice, and wrongful death. Under 
product liability law, there are three main claims for how a 
robotic surgical system or instrument may be defective: a 
design defect, a manufacturing defect, and a warning 
defect [18]. Design defects are intrinsic flaws in instru-
ment or systems design, whereas manufacturing defects 
are flaws during physical construction of these products. 
Defects in warning are related to inadequate risks reported 
with the use of instruments or systems, not a problem with 
the products themselves. In contrast to defects, medical 
malpractice implies negligence or failure to provide the 
standard level of care to a patient. Medical malpractice 
against a surgeon cannot be claimed unless a patient care 
obligation was required and violated and this violation 
directly led to an alleged injury [19]. Lastly, wrongful 
death lawsuits seek compensation for relatives of injured 
or deceased patients regarding medical and/or funeral 
costs or the resulting loss of income and/or emotional sup-
port [18]. Furthermore, product liability and medical mal-
practice claims can sometimes overlap from a legal 
perspective. For example, if patient harm during a robotic-
assisted surgery is claimed to be related to the use of a 
particular instrument, this could in part be the fault of the 
manufacturer for not providing complete information 
about the risks related to the use of this instrument as well 
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as a surgeon using the instrument in a way not specifically 
outlined by the manufacturer [20].

 To Blame or Not to Blame: Device, Surgeon, 
or Institution?

 Device-Related and Manufacturer 
Responsibilities and Failures

Device-related adverse events or failures include things like 
breaches in the protective components of instruments lead-
ing to unintended tissue damage and can occur during lapa-
roscopic- and robotic-assisted surgery. Device or instrument 
malfunctions are incredibly broad and can lead to a range of 
negative outcomes from prolonged operating room time to 
minor patient injury and even death; these failures typically 
lead to product liability lawsuits whereby Intuitive Surgical 
would be named as the corporate defendant. While instru-
ment malfunctions are relatively infrequent in robotic sur-
gery, they are well-described and can range widely from a 
video processor hardware problems to a defective camera, a 
stapler misfiring, or even damaged pieces on robotic arms or 
other devices. A 2011 study published in the American 
Journal of Obstetrics and Gynecology demonstrated signifi-
cantly higher insulation failures in robotic instruments com-
pared to laparoscopic instruments based on extracorporeal 
voltage tests using a porosity detector [21]. Insulation fail-
ures can cause missed thermal bowel injuries and other com-
plications leading to significant patient morbidity and even 
mortality.

In 2013, Friedman et al.’s analysis of the MAUDE data-
base over a 2-year period (2009–2010) identified 528 adverse 
event reports associated with 565 device-related failures 
[22]. The three most common types of report failures were as 
follows: (1) articulating wrist or instrument tip (n = 285), (2) 
electrosurgical (n = 174), and (3) instrument shaft (n = 76). 
Broken instrument jaws or tips were cited the most fre-
quently (n = 150) followed by reports that either the “instru-
ment” broke or a part of it fell off (n = 66). Ninety percent of 
electrosurgical failures were arcing incidents with roughly 
50% either being directly visualized or leading to thermal 
tissue injury intraoperatively. Instrument shaft malfunctions 
were most commonly from cracking or broken-off materials 
(n  =  36). Furthermore, Alemzadeh et  al. stratified robotic 
device-related failures from the MAUDE database into five 
key areas: (1) systems and video/imaging malfunctions, (2) 
falling of instrument pieces into the patient, (3) electric arc-
ing of instruments, (4) unintentional instrument actions, and 
(5) miscellaneous [11]. During the 14-year study period, 
roughly 15% of adverse events were related to damaged or 
missing instrument parts falling into patients leading to 119 
injuries and 1 death as well as added time in the operating 

room. Electric arcing of instruments was the next most com-
mon cause of adverse events at 10.5% ultimately harming 
about 190 patients followed closely by unintentional instru-
ment actions (i.e., forceful movements) contributing to 
10.1% of adverse events along with 52 injuries and 1 death. 
While systems and video/imaging malfunctions only led to 
7.4% of overall adverse events, this was the main category 
leading to case cancellation altogether as well as converting 
to other approaches (i.e., laparoscopic, open) [11].

Importantly, manufacturers like Intuitive Surgical are 
obligated to report any device-related and/or systems-based 
malfunctions that could have contributed to a patient injury 
or death via the MAUDE database; device-user facilities 
including hospitals and ambulatory surgical centers are held 
to the same standard [23]. In 2013, Intuitive was issued a 
FDA warning letter for regulatory violations associated with 
practices that did not comply with reporting mandates for the 
da Vinci® system. The company received multiple com-
plaints and medical device reports (MDRs) from 2010 to 
2011 for patient injuries from arcing due to damaged compo-
nents on certain monopolar instruments and intraoperative 
cleaning practices for some devices. Ultimately, this was 
resolved by sending a letter to clients (i.e., hospitals, sur-
geons) providing a warning in the Instructions for Use 
against practices with these instruments that could lead to 
similar injuries. Intuitive, however, did not comply with the 
required regulatory documentation and design control pro-
cess to assess for defects in these device and instrument com-
ponents [24]. The company did eventually take the 
appropriate action to correct these FDA violations, but it 
highlights the complexity and consequences of not reporting 
these device-related malfunctions via the correct channels. 
For example, if surgeons are provided with a label warning 
for robotic instrument failures, the burden of ensuring patient 
safety is shifted toward the operator of these instruments 
rather than the manufacturer’s design input process that 
could determine a root cause to the malfunction [25].

 Surgeon-Related Responsibilities and Failures

Operator or surgeon errors that occur during robotic surgery 
can be as equally devastating as device-related failures and 
frequently lead to medical malpractice lawsuits. Some 
robotic surgery complications may lead to long-term nega-
tive outcomes (i.e., wound infection, anastomotic leak, 
chronic pain, etc.) that are surgeon-dependent and not related 
to a manufacturer-related device malfunction or institution- 
based failure. Robotic surgery clearly requires an elevated 
dependence on verbal communication between the surgeon, 
scrub technician, circulating nurse, and bedside assistant. 
While the console is controlled by the primary surgeon, 
instrument exchanges, needle insertion and retrieval, mesh 
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fixation device deployment, and trocar manipulation are fre-
quently performed by a bedside assistant who may or may 
not have an equivalent level of training and experience; this 
has inherent added risks to the patient that are not encoun-
tered in standard laparoscopic surgery. That said, bedside 
assistants are also responsible and at risk for medicolegal 
lawsuits, even though they often fall under the responsibility 
of the surgeon or the hospital. Intraoperative complications 
such as an injury related to an instrument exchange caused 
by the bedside assistant, for example, would still fall on the 
responsibility of the primary surgeon; all members of the 
surgical team must have a heightened sense of awareness of 
these potential complications during robotic-assisted 
approaches and ensure appropriate communication and vigi-
lance toward patient safety. The primary surgeon is obligated 
to oversee all aspects of perioperative technical skill execu-
tion as well as clinical decision-making, and any deviations 
from the standard of care pose a liability risk to the surgeon 
and surgical team.

For any type of minimally invasive procedure (i.e., laparo-
scopic or robotic), not all surgeon-driven errors are from tech-
nical missteps rather some are related to ethical- and 
judgment-based problems. Importantly, adverse events 
reported in the MAUDE database are often due to a combina-
tion of causes such as device malfunctions as well as operator 
issues like inadequate training (i.e., surgeon cannot trouble-
shoot a non-recoverable systems error during a critical part of 
a case) or a judgment-based error (i.e., surgeon does not con-
vert to a different approach when a complication occurs caus-
ing further injury or prolonging operative time.) According to 
Alemzadeh et  al., roughly 7% of death reports and 7% of 
patient injury reports manually reviewed in the MAUDE data-
base were related to surgical team errors alone, either by the 
primary surgeon directly or other surgical staff [11]. It should 
be mentioned that another responsibility of the surgeon is 
training other primary surgeons and residents. In general, this 
responsibility is outside that of the device manufacturer and 
the institution itself, unless done in coordination with an actual 
surgeon. This will be further addressed in the next section.

From an ethical standpoint, surgeons must be vigilant 
about educating their patients regarding the potential device- 
related, operator-related, and systems-based malfunctions 
that are unique to robotic surgery. From a legal standpoint, 
the “prudent physician standard” is the most common stan-
dard used for the informed consent process; this standard 
“establishes what a reasonably prudent physician would 
typically disclose to patients in similar situations as deter-
mined by expert physician testimony.” [19] Thus, surgeons 
must fully disclose why a robotic approach is recommended, 
their level of experience with such procedures, as well as the 
potential risks, adverse outcomes, and expected recovery to 
ensure adherence to the informed consent process. Failure to 
obtain informed consent is considered medical negligence.

Another ethical dilemma albeit somewhat beyond the 
scope of this chapter but worth mentioning given the poten-
tial impact on robotic surgery lawsuits is conflict of interest 
(COI). For example, many robotic surgeons are paid directly 
by the robotic device manufacturer to provide training, proc-
toring, hands-on labs, speaking engagements, and education 
to other surgeons. Moreover, a quick review of the publicly 
available CMS (Centers for Medicare and Medicaid Services) 
open payment system [26] showed that Intuitive Surgical, 
Inc., actually spent over 34.7 million dollars in 2016 alone 
just in education-related payments to surgeons. All individ-
ual surgeons are listed in this database, and the amounts they 
are paid are transparently displayed, as well as the number of 
times they are paid each year and the number of payments 
that they disputed. To be clear, we believe that surgeons and 
industry, in a responsible fashion, can and should work 
together and foster relationships. In fact, some of these rela-
tionships are essential for the evolution and dissemination of 
safe technique and to improve patient outcomes. However, in 
a world where surgeons, hospitals, and device manufacturers 
are also marketing claims directly to patients using a variety 
of media, the same patients also deserve to know that they 
have the ability to look up the amounts that their surgeons are 
getting paid by a device company. While surgeons will 
always chose a technique that they believe will offer the best 
outcomes for their patients, by using this database, the 
patients also can then draw their own conclusions as to 
whether or not there is a potential COI existing with that sur-
geon that may potentially lead a surgeon to offer a robotic 
approach vs. another approach (open or laparoscopic) for 
surgery. In fact, there is no role for a device manufacturer’s 
reimbursement to that surgeon to get in the way of a safe 
decision on technique, and it is the responsibility of the sur-
geon to uphold that value and disclose any potential 
COI.  This transparent disclosure is a form of managing 
COI. That said, a surgeon is ethically and legally responsible 
for ensuring that the patient’s best interest is at the forefront 
of all surgical decision-making. Violations of these ethical 
principles or failure to manage a surgeon’s COI appropri-
ately and transparently can contribute to potential legal 
implications should a lawsuit develop in a particular case.

 Institution-Related Responsibilities 
and Failures

Institutions like hospitals and ambulatory surgical centers 
have medicolegal responsibilities to assure a safe robotic sur-
gery; these hospital-related responsibilities can be broken 
down into several large buckets as follows: (1) marketing and 
advertising responsibilities, (2) patient experience, (3) 
robotic device processing and maintenance, and (4) staff and 
resident credentialing and training. Hospitals and institutions 
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(and some surgeons) have increasingly been advertising their 
robotic services in almost all media available (billboards, 
newspapers, social media, Internet, and journals). False 
opinions and claims that are not backed by science yet mar-
ket directly to patients (social media, Internet, newspapers, 
billboards, emails) are subject to medicolegal lawsuits. In 
addition, there has been inherent bias on the part of institu-
tions to market their systems and products directly to patients 
for financial gain. For example, Jin et al. reported their anal-
ysis of robotic surgery claims for 400 US-based hospitals in 
2011; ultimately, 37% had robotic surgery content on their 
homepages, but none disclosed any risks or complications 
[27]. Schiavone et  al. analyzed marketing web content for 
robotic gynecologic surgery at hospitals with at least 200 
beds; 44.4% of hospitals in this study contained such market-
ing. The authors found that the majority of these hospitals 
reported superior outcomes with robotic gynecologic sur-
gery and 41% indicated that the robotic approach was “over-
all better.” Furthermore, only 15% of websites reported any 
evidence-based data, and even fewer (<2%) mentioned any 
risks or complications associated with the robotic approach 
[28]. Given the direct-to-consumer promotions of robotic 
surgery on many hospital websites, patients may get a 
skewed perception about the safety of robotic surgical 
approaches which, of course, will vary based on surgeon 
experience and skill level. Ultimately, hospitals have an ethi-
cal responsibility to report accurate and balanced educational 
content and may ultimately be required to do so by govern-
ment agencies.

Hospitals are responsible for overseeing and evaluating 
many aspects of robotic surgery practices including patient 
experience and satisfaction, maintenance and cleaning of 
robotic system components, instrument processing and ster-
ilization, as well as training of surgeons and other appropri-
ate staff. For example, instrument processing and sterilization 
for robotic surgery instruments require special manufacturer- 
guided cleaning protocols and high-pressure hoses to flush 
the instruments. Hospitals and other device-user facilities are 
accountable for training all staff to properly handle and clean 
robotic instruments, which is complex, time-consuming, and 
a significant financial burden. A recent study by Saito et al. 
evaluated the effectiveness of cleaning protocols for robotic- 
assisted vs. open surgical instruments [29]. The authors com-
pared protein contamination levels on da Vinci® system 
instruments used for urologic and colorectal cases to open 
instruments used for gastrointestinal surgery. After the initial 
phase of cleaning with flushing and ultrasonication, robotic 
instruments were shown to have a significantly higher level 
of protein contamination. The next phase of cleaning 
involved three consecutive processing sessions to determine 
residual protein levels; while the robotic and open surgical 
instruments demonstrated decreased residual protein levels 
after each session, the robotic instruments overall still had 

significantly higher levels of protein contamination. The 
authors ultimately concluded that cleaning protocols were 
97.6% effective for robotic instruments compared to 99.1% 
for open instruments. Future studies are required to assess 
the impact of robotic instrument processing and sterilization 
techniques on clinical outcomes like wound infection and 
anastomotic leak.

In addition, training and credentialing are critical aspects 
of maintaining patient safety standards for robotic surgery 
and are mandatory for primary surgeons as well as the entire 
surgical team including surgical technicians, circulating 
nurses, and ancillary staff involved in these cases. Training 
of surgical technique is the responsibility of the practicing 
surgeons. The device company is responsible for training all 
parties on how to use their devices or equipment and is 
legally responsible to assure their equipment functions as it 
is intended to function. The companies, themselves, how-
ever, are not responsible to train surgical technique. For that 
matter, it is our opinion that device manufacturer sales repre-
sentatives who are frequently present in the operating room 
with surgeons should sustain from teaching surgical tech-
nique or offering technical advice to the primary surgeon, the 
bedside assistant, or any surgical trainees without the con-
sent of that surgeon, as this responsibility falls outside that of 
the device manufacturer and its employees.

With regard to credentialing, hospitals are individually 
responsible for establishing credentialing requirements and 
granting privileges for robotic surgeons and other staff 
based on documentation of training, experience, and com-
petency. We believe this is a safe process that is vital to 
patient safety. Hospitals should also provide oversight to 
assess outcomes, and they should reassess their surgeons at 
least yearly, if not more often. The minimum FDA surgical 
robotics requirements for the primary surgeon usually 
involve a 1- to 2-day training course on the da Vinci® sys-
tem with dry lab and cadaver exercises as well as didactic 
sessions. Alternatively, hospitals typically require a combi-
nation of simulation and didactic training along with cadaver 
or animal labs, a set number of proctored cases and observa-
tion of independent cases to be able to obtain provisional 
privileges in robotic surgery. Currently there is no uniform 
consensus among hospitals or other surgical societies on 
how much training and experience are required to both 
receive and maintain appropriate credentialing and granting 
privileges for robotic surgery. In contrast to requirements 
for measuring competency in laparoscopic surgery, the 
Accreditation Council for Graduate Medical Education 
(ACGME) has no established robotics training curriculum 
for US-based surgical residents; this will clearly change 
over time. Robotic credentialing and privileging are of seri-
ous medicolegal concern for hospitals and surgeons with 
over 30 states having received negligent credentialing 
claims in specialties like gynecology [19].

4 Medicolegal Issues in Robotic Surgery
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 Conclusions
Medicolegal issues in surgical robotics vary widely in 
their scope and complexity. Device malfunctions, surgeon 
errors, and inadequate hospital oversight of robotics train-
ing all contribute to increasing medicolegal liability risks 
and, more importantly, can negatively impact patient out-
comes. Given the rapid expansion in robotic surgery vol-
ume both in the United States and internationally, legal 
systems are facing unparalleled and complex litigation 
claims predominantly under product liability and medical 
malpractice law. For device-related issues, it remains 
important to ensure accuracy of reporting adverse events 
associated with robotic surgery in repositories like the 
MAUDE database; however, many robotic surgery cases 
with complications that lead to lawsuits will not appear in 
that database. The rapid expansion of robotic technology 
must be met by enhanced critical review and analysis of all 
adverse events and their impact on patient injuries and 
deaths. More importantly, when it comes to medicolegal 
responsibility for robotic surgery, each of the stakeholders 
must recognize their own obligations as well as their own 
limitations to these responsibilities. Surgeons and their 
teams, device manufacturers, and hospitals as well as hos-
pital staff must uphold the highest level of care, ethics, and 
execution of services to deliver on each of their responsi-
bilities to assure a safe patient experience and outcome.
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Robotic Hiatal Hernias and Nissen 
Fundoplication

Fahri Gokcal and Omar Yusef Kudsi

 Introduction

Hiatal hernia is defined as the protrusion of the intra-abdom-
inal organs, most commonly the upper portion of the stom-
ach, into the mediastinum through the esophageal hiatus of 
the diaphragm, and it is a common disorder affecting 10–50% 
of the population [1, 2]. According to the position of gastro-
esophageal junction and the content of hernia sac, hiatal her-
nias are classified into four types: sliding (type I, the most 
common type), paraesophageal (type II), combined (type III, 
includes components of types I and II), and giant paraesoph-
ageal (type IV, herniation of intra-abdominal organs beside 
the stomach) (Table 5.1) [2, 3].

The circumferential laxity of the phrenoesophageal liga-
ment (Laimer’s membrane) and the dilatation of the dia-
phragmatic hiatus may cause cephalad migration of the 
gastroesophageal junction, and this situation may lead an 
incompetent lower esophageal sphincter [4, 5]. Although 
hiatal hernias may remain asymptomatic in most individuals 
and diagnosed incidentally, they are frequently associated 
with gastroesophageal reflux disease (GERD) resulting from 
inadequate lower esophageal sphincter.

Surgical management should be considered in case of 
symptomatic HH or GERD which is refractory to medical 
therapies such as antiacids and lifestyle modifications. 
Minimally invasive surgical repair is the preferred approach 
for the majority of hiatal hernias [3]. With regarding the 
technique of hiatal hernia repair, it is suggested that the fun-
doplication should be performed during the repair [3, 6].

The Nissen fundoplication has been the most widely pre-
ferred procedure for the surgical management of GERD and 
hiatal hernias. It was first described by Dr. Rudolf Nissen 
(1896–1981) as an antireflux procedure in the late 1950s [7]. 
In fact, the background of this procedure is based on the 
operation he performed for a benign cardia ulcer by enforced 
burying the anastomosis of the transected esophagus in the 
fundus of the stomach, when he was the chief of Department 
of Surgery at the Cerrahpasa Hospital in Istanbul, Turkey, in 
the late 1930s [8, 9]. Since the introduction of laparoscopy, 
the standard for fundoplication has become a minimally 
invasive approach. In recent years, minimally invasive sur-
gery is quickly evolving with the guidance of new technol-
ogy. It is possible to take advantages of the technological 
facilities, such as the high-definition three-dimensional 
vision and enhanced manipulation capabilities of the instru-
ments, provided by robotic platform when the surgical pro-
cedure requires fine dissection and movements at limited 
spaced anatomic sites such as Nissen fundoplication.

We have set as the goals of this chapter to provide a brief 
review of the current literature on robotic HH and GERD 
surgery and to explain operative steps of robotic Nissen 
fundoplication.

 Literature Review

Since the first robotic surgery system was launched in 2001, 
many reports have been published demonstrating success-
fully performed robotic antireflux procedures for symptom-
atic HH and GERD [10–21]. Majority of these reports were 
retrospective single institutional series, and the authors rep-
resented their experiences. A few studies specifically 
assessed the role of robotic HH repair; however, there are no 
prospective randomized trials in this field.

In a report, which was designed in a retrospective nature and 
representing the largest series (n:61) of robotic-assisted parae-
sophageal hernia (type II–IV) repair, the authors concluded that 
the outcomes seemed to be comparable to those achieved by 
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the conventional laparoscopic technique and robotic hiatal her-
nia repair had a learning curve of about 36 cases [10]. In a case-
control trial (CCT) with a total of 42 cases (12 cases robotic, 17 
cases conventional laparoscopic, and 13 cases open method) 
that underwent hiatal hernia (>5 cm) repair, it has been showed 
that robot-assisted surgery is feasible and can be used safely for 
paraesophageal hernia. Additionally, it has been emphasized 
that although robotic surgery is superior to open surgery for 
paraesophageal hernia repair regarding the operative time, 
intraoperative complications, and patients’ early postoperative 
course, it is not superior to conventional laparoscopy [11]. 
Brenkman et al. [12] reported the follow-up results of 40 con-
secutive patients undergoing robot-assisted laparoscopic hiatal 
hernia repair (without mesh) followed by Toupet fundoplica-
tion (270° posterior). There was only one recurrence (%2.5) in 
their entire cohort after a median follow-up of 11 months. Also, 
perioperative outcomes, such as blood loss, operation time, 
morbidity, and quality of life (QoL) scores, were satisfactory in 
this study.

Regarding the antireflux surgery, several studies have 
been published comparing the robot-assisted laparoscopy 
and conventional laparoscopy. In these studies, it is obvi-
ously seen that the Nissen fundoplication is the most com-
monly preferred fundoplication, if the fundoplication is 
performed. A retrospective multicenter study, including a 
large database of 12,079 antireflux operations (9572 patients 
laparoscopic, 2168 open, and 339 robotic), showed that both 
robotic and laparoscopic Nissen fundoplication techniques 
were superior to open surgery as demonstrated by their short-
term outcomes, length of stay, and intensive care unit admis-
sions. When they compared open costs to robotic costs, the 
former were higher, and this was related to length of stay, 
complications, and ICU admissions [13].

In a prospective non-randomized trial, Melvin et al. [14] 
reported no differences in clinical outcomes when compar-
ing laparoscopic to robotic approaches; however, it has been 
found that there was a significant difference in mean operat-
ing time (102 ± 31 min. Laparoscopic versus 134 ± 19 min. 
robotic). There are four major randomized controlled trials 
on antireflux surgery, comparing laparoscopic fundoplica-
tion to robot-assisted fundoplication by the aid of the da 
Vinci® Surgical System [15–18]. Both approaches were 
shown to be equally safe, with no appreciable difference in 
conversion or complication rates, postoperative symptoms, 
quality of life, or functional assessments. In contrast to other 
studies, Muller-Stich et al. [15] are the only group reporting 
that the duration of operation was significantly shorter for 
the robotic surgery (88  ±  18  min, setup, 23  ±  5 versus 
102 ± 19 min; setup, 20 ± 3). This situation may be related to 
performing of all operations by well-experienced one sur-
geon in robotic surgery and a well-trained surgical team.

In a meta-analysis, which includes 6 RCTs for a total of 
221 patients, 111 were allocated to the conventional laparo-

scopic Nissen fundoplication group and 110 to the robot-
assisted. Regarding operation complications, Wang et  al. 
[19] showed that there were no significant differences in 
intraoperative incidents (small capsule tear of the liver and 
spleen, pneumothorax, minor bleeding, stomach perforation, 
and minor technical incidents) (RR = 0.81, P = 0.62), dys-
phagia (RR  =  0.83, P  =  0.58), and flatulence (RR  =  1.26, 
P = 0.56). There was no significant difference on postopera-
tive anti-secretory medication administration rates between 
both groups (RR = 0.43, P = 0.12). No differences in patient 
satisfaction were found (RR = 1.02, P = 0.74). Although the 
hiatal dissection time was similar between both groups, as 
well as the time from incision to closure of the skin, the fun-
doplication time was shorter in the conventional laparoscopic 
group (95% CI 2.33–4.00; P = 0.00001). Also, the operative 
costs (total operative costs and costs of hospital stay) 
appeared to be higher in the robot-assisted group (95% CI 
-4.61–17.39; P = 0.00001).

In a systematic review and meta-analysis, Mi et al. [20] 
included 11 studies (7 RTCs, 4 CCTs) to compare robot-
assisted including da Vinci, Aesop, and Mona surgical sys-
tems (n: 198) and conventional laparoscopic (n: 335) 
fundoplication. When the rates of complications were ana-
lyzed separately as perioperative (pneumothorax, blood loss, 
relevant organ injury, and conversion) and postoperative 
(pneumonia, dysphagia, flatulence, and urinary tract infec-
tion) with 7 of the 11 studies, there was no significant differ-
ence between the 2 approaches with regard to perioperative 
complication rate (OR = 0.67, 95% CI = 0.30–1.48, P = 1.00). 
Although the postoperative complication rates of both 
approaches were showed approximately the same in 6 of the 
11 studies which were included in the review, the main meta-
analysis with fixed-effect model indicated a significant reduc-
tion of 65% in the relative odds of complication rates for the 
robotic approach (OR = 0.35, 95% CI = 0.13, 0.93, P = 0.04). 
There was no statistically significant difference between both 
approaches regarding the length of the hospital stay (95% 
CI = −0.25, 0.26, P = 0.97). The meta-analysis was not per-
formed for the effective operating time, which was defined as 
the time between the introduction of the laparoscopic instru-
ment and the completion of the last skin suture, since there 
was heterogeneity between the two approaches. However, 
total operating time was longer by 24.5  min in the robotic 
approach, and the authors explained this elongation as mostly 
due to the setup time, the time-consuming trocar placement, 
the unadapted optical system, and camera motion interrupting 
the surgeon’s procedure. In terms of costs, the 4 of 11 studies 
investigated cost and the results showed statistically differ-
ence for both operative and total costs (P  =  0.01 and 
P  =  0.003). Authors emphasized that there was no article 
focused on costs of long-term outcomes, and high investment 
and maintenance fees, as well as disposable instruments cost 
made for this difference between both groups.
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On the other hand, in the most recent meta-analysis on 
robotic Nissen fundoplication, it was reported that some of 
previously published meta-analyses have methodological 
errors such as inclusion criteria bias and subgroup analyses 
errors. The authors have carried out their own meta-analyses 
with 5 RCTs, including total of 160 patients. There were no 
significant differences between two groups regarding total 
operation times, effective operation times, the incidence of 
reoperations, hospital stay, and in-hospital costs due to the 
fact that meta-analyses demonstrated significant heterogene-
ity. In terms of intraoperative conversion and postoperative 
dysphagia within 1 month, even though meta-analysis dem-
onstrated no significant heterogeneity, there were no signifi-
cant differences between groups. Regarding intraoperative 
and postoperative complication, no meta-analysis was intro-
duced because of the incompletion of data [21].

Overall, the conflicting results of the current literature 
make new prospective multicenter trials necessary to better 
understand the precise advantages and disadvantages of 
robotic-assisted laparoscopic surgery for HH and GERD as 
compared to the conventional laparoscopic approach.

 Robot-Assisted Nissen Fundoplication

Hiatal hernias are frequently found incidentally during the 
diagnostic workup of symptomatic reflux. Antireflux sur-
gery is an alternative modality for the management of 
patients with proven GERD, with or without a sliding 
HH. But, repairing of sliding hernia is not necessary in the 
absence of reflux disease. The following list of criteria rep-
resents generally accepted indications for Nissen 
fundoplication:

• Typical symptoms for GERD, persistent atypical reflux 
symptoms, or extra-esophageal manifestations (e.g., 
asthma, hoarseness, cough chest pain, aspiration)

• Symptom-reflux relationship, esophagitis (in the past 
before PPI), and acid reflux (documented by pH-metry, 
impedance, or esophagogastroduodenoscopy (EGD))

• Failure of medical management (persistent symptoms 
despite optimal medical therapy with PPI, incomplete 
response to PPI, or need for PPI dosage increase)

• Complications related to GERD (e.g., Barrett’s esopha-
gus, bleeding, etc.)

• Mixed and paraesophageal hernia
• Patient preference (e.g., unwillingness to long-term medi-

cal therapy because of reduced quality of life, financial 
concerns, or intolerance to pharmacotherapy)

• Sufficient esophageal motility to overcome the outflow 
resistance composed by the valve

• Recurrent reflux or complications after previous  antireflux 
surgical therapy

 Preoperative Planning

The proper preoperative workup consists of EGD, pH moni-
toring, manometry, and barium esophagram in order to 
appropriately delineate the extent of the disease. EGD can 
accurately evaluate the anatomy of the esophagus and the 
gastroesophageal junction, the presence and size of hiatal 
hernia, and the degree of esophagitis if there is. pH monitor-
ing is necessary to confirm the presence of acid reflux. This 
is particularly important for patients with atypical GERD 
symptoms where pH monitoring can be used to calculate the 
DeMeester score (percentage of time of esophageal acid 
exposure to pH < 4.0) and verify the presence of acid reflux. 
It is imperative to document the existence of reflux disease in 
patients with classic symptoms of heartburn and regurgita-
tion. Erosive esophagitis or Barrett’s metaplasia symptoms 
are not reliable guides to the presence of disease [22].

Esophageal manometry can reveal esophageal motility 
disorders. Based on this information, the surgeon is able to 
decide the optimal surgical approach and to determine if a 
complete or partial fundoplication is to be performed. 
Computed tomography (CT) scan may be useful for patients 
who have paraesophageal hernia and antireflux surgery his-
tory. Barium esophagram is performed to outline the anat-
omy of the esophagus and abnormalities such as a hiatal 
hernia, diverticulum, stricture, or luminal mass. It also helps 
in assessing esophageal length. Presence of a large (>5 cm) 
hiatal hernia suggests the presence of a shortened esophagus 
and may change the choice of the operation [23].

 Patient Selection

The appropriate patient selection is one of the most impor-
tant factors that impacts on outcomes after successfully sur-
gical treatment of GERD and HH. The presence of dysphagia, 
obesity, and psychiatric history should also be taken into 
consideration in patients who have met the abovementioned 
criteria. In patients who present with dysphagia and GERD, 
the causes of dysphagia must be investigated, and the situa-
tions such as tumors, diverticula, and esophageal motor dis-
orders must be excluded since they require different 
treatments. Furthermore, even if symptoms of dysphagia 
improve after fundoplication, the existence of preoperative 
dysphagia presumably effects on long-term clinical out-
comes in a negative way [24]. Paying attention to the preop-
erative dysphagia is also important to determine the degree 
of fundoplication which can optimize reflux control while 
minimizing adverse sequela of postoperative dysphagia.

In the surgical treatment of GERD, morbid obesity is 
occasionally a challenging condition to surgeons because of 
technical difficulties. Not only morbid obesity is a significant 
independent risk factor for development of GERD and HH, 
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but also it increases the failure rate of antireflux surgery. A 
study has demonstrated that while obese patients (BMI 
30–34.9 kg/m2) have similar outcomes to other patients, the 
morbidly obese individuals (BMI > 35 kg/m2) have a higher 
failure rate [25]. If a morbid obese patient presents with 
GERD, he/she must be informed about potential risks of his/
her condition. The possible benefits of a bariatric procedure 
as a dual targeted treatment for GERD instead of an antire-
flux procedure alone should be discussed to obtain both the 
weight loss and the relief of reflux symptoms [26]. It is a 
necessity to note that it does not mean that the morbid obe-
sity is alone contraindication for antireflux procedures 
despite the fact that the failure incidence of operation may be 
higher than in the normal-weight individuals [27]. Patients 
should be attentively educated on the potential risks and ben-
efits of their choice in order to obtain an informed decision 
about their healthcare.

A history of psychiatric disorders is another risk of failure 
for antireflux surgery outcomes. A study that has focused on 
preoperative prediction of long-term outcomes showed that a 
history of psychiatric illness trended toward a higher failure 
rate, although it did not reach statistical significance 
(p = 0.06). The patients who have history of psychiatric dis-
orders were found to be more unsatisfied with their outcomes 
(P < 0.01), and a higher percentage of them complained of 
severe symptoms. However, a correlation was not found 
between a history of psychiatric illness and reoperation rates, 
and complaints of severe symptoms [25].

 Patient Preparation

In preparation for surgery, the patient is being kept nothing 
by mouth (NPO) after midnight the night before the opera-
tion. If any esophageal dysmotility accompanied with GERD 
is found with preoperative workup studies, it might be ben-
eficial for the patient to be placed on a clear liquid diet for 
24–48 h prior to the operation, to minimize the amount of 
retained food in the esophageal lumen. This reduces the risk 
of aspiration upon endotracheal intubation and facilitates the 
performance of intraoperative EGD if required.

 Setup

 Patient Positioning, Docking of the Robot and 
Room Setup

The patient is positioned in a supine on the surgical table as 
the arms in abduction secured on padded arm boards. After 
induction of general anesthesia with orotracheal intubation, 
the peripheral lines are placed, and standard operative proto-
cols are utilized including antibiotic proflaxy, body hair clip-
ping, and placement of sequential compression devices if 

indicated. Foley catheterization is not generally required 
except prolonged case expectation. Nasogastric tube is 
placed. The patient should be fully secured to the surgical 
table to prevent slipping off and should be properly padded 
to obstruct robotic arm collision during operation. A heater 
device is placed on the upper chest and arms.

The steps that up to patient-side cart docking can be done 
in the temporary location of the surgical table, and the surgi-
cal table can be relocated to actual location just prior to the 
“docking” depending on the model of the robotic system and 
available space of operating room. The undocked patient-
side cart (prepared and draped) is positioned at the site of the 
patient’s head. Once asepsis has been achieved via chlorhex-
idine, the surgical drapes are placed over patient providing 
the entire abdominal area uncover.

Afterward, the head side of surgical table is slightly raised 
up to obtain a reverse Trendelenburg position (head up approx-
imately >30°) which will help in displacing the organs from 
the hiatus and optimize the exposure of the working area. 
Additional adjustments of the surgical table might need to be 
applied to facilitate the anesthesiologist’s workup. Patient 
position should be finalized prior to docking of the patient-
side cart and must remain constant during operation. After 
ensuring trocar placement safely and properly, the patient-side 
cart is advanced by an assistant (with closely guided by the 
surgeon) into correct position, and the docking process is com-
pleted after connecting trocars and robotic arms. Of note, with 
the Si system, the patient-side cart must be positioned at the 
head side of the operating table to achieve “in-line” rule, 
whereas with the Xi system, the patient-side cart can be posi-
tioned at the patient’s side as this platform includes an over-
head boom allowing the arms to rotate as a group into any 
orientation. This allows for direct approach to the patient by 
the anesthesia team. Once the camera arm is docked and the 
camera inserted, the surgeon points the scope at the target 
anatomy and the system will automatically position the boom 
to ensure an optimal arm configuration for the procedure.

The console and vision cart are located safely away from 
the robot to allow for adequate movement of the arms and 
adequate space for the anesthesia team. The monitor is either 
at the foot of the table or mounted on the wall. This setup can 
be modified depending on what the operating room will 
allow. According to our room setup, anesthesiologist takes 
place at the patient’s left side after relocating surgical table, 
and the scrub nurse works at the patient’s right side.

 Procedure

 Access and Trocar Position

Correct placement of the ports is of utmost importance in 
robotic surgery. Four trocars for robotic arms and an addi-
tional trocar (depends on surgeon preference), for the 
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 purpose of retraction of the liver left lobe to expose the gas-
troesophageal junction, are usually enough in robotic Nissen 
fundoplication. Pneumoperitoneum can be achieved in a 
number of techniques. Access to the abdominal cavity 
through an open technique (Hasson’s) at the position of 
planned first trocar is a valid entry option. However, our pref-
erence is that after pneumoperitoneum is established by 
inserting a Veress needle at Palmer’s point, 1–2 cm below the 
left costal margin at the left midclavicular line, the initial 
port is inserted in the abdominal cavity. Alternatively, it may 
be obtained by optical trocar by using 0° camera.

Particular attention must be paid to achieving adequate 
distance between each trocar and surgical target so that not 
robotic arms collision and extensive troublesome. For this 
purpose, commonly applied rule is that a minimum of 8 cm 
of distance be maintained between each trocar and an ideal 
distance of 10–20 cm is suggested between the trocars and 
the surgical target. In this scenario, xiphoid can be used as 
a landmark for being ~5 cm below of diaphragmatic hiatus. 
A sterilized ruler may be used to confirm correct distance 
between trocars. Our approach is the following: the posi-
tion of supra umbilical port is 12 cm caudal to the xiphoid 
and 2 cm to the patient’s right. For patients who have larger 
abdomen, port is placed 15 cm caudal to the xiphoid and 
2 cm to the right. The distance might need to be readjusted 
especially if the procedure includes a large hiatal hernia 
repair. The two trocars for the robotic arms are placed on 
the same horizontal line and 8 cm lateral to the camera port 
in the left and right upper quadrant close to the midclavicu-
lar line. The third trocar for the third robotic arm is inserted 
in the left anterior axillary line. The liver retractor is posi-
tioned so as not to obstruct the robotic arm. The right upper 
quadrant or epigastric region can be used for the liver 
retractor trocar (Fig. 5.1).

 Operative Steps

Robotic Nissen fundoplication consists of mainly three 
steps: hiatal dissection, restoration of the esophageal hiatus, 
and circumferential wrapping of fundus.

Hiatal dissection begins with the developing a window at 
the lesser omentum (Fig. 5.2a). For this, anterior epigastric 
fat pad is retracted with a Cadiere grasper, and the stomach 
is pulled downward and toward the left lower quadrant, and 
so the gastrohepatic ligament is exposed. The gastrohepatic 
ligament is divided along the edge of the caudate lobe using 
the monopolar scissors. The dissection plane is moved ceph-
alad until the junction between the right crus of the hiatus 
and the phrenoesophageal ligament (Laimer’s membrane) is 
encountered (Fig. 5.2b). It is important to take extra care for 
the anterior vagus nerve and especially the nerve of Latarjet 
and any aberrant left hepatic arteries. The right anterior 
phrenoesophageal ligament and the peritoneum overlying 

the anterior esophagus are incised superficially in order to 
prevent any injuries to the esophagus or anterior vagus. This 
incision is extended to the left crus, and the esophagus is 
peeled off the right crus providing access to the mediasti-
num. The posterior vagus is identified and preserved, and the 
dissection is extended circumferentially and in a clockwise 
fashion within the mediastinum. The esophageal hiatus is 
fully dissected, and the esophagogastric junction is reduced 
in to the abdomen. For this, intra-abdominal esophagus is 
mobilized anteriorly and posteriorly from the right and the 
left crus. The dissection should be extended as proximally as 
possible to ensure an adequate part of movable esophagus at 
least 4 cm of esophagus should be able to move below the 
diaphragm without any tension. Grasping the esophagus 
should be avoided at all times during the procedure. Complete 
excision of the sac should be performed. It is important to 
control any minor bleeding by using the robotic bipolar for-
ceps rather than by using monopolar for hemostasis, to pre-
vent delayed perforations.

In order to achieve mobilization of the fundus, a point 
along the upper third of the gastric fundus (approximately 
10–15 cm from the angle of His) is selected to begin ligating 
the short gastric vessels with a robotic ultrasonic scissors (or 
Vessel Sealer). Alternatively, short gastric vessels are divided 

Fig. 5.1 Trocar positioning
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between two Hem-o-Lok clips (Fig. 5.2c, d). The ligation is 
continued up to the level of the left crus. Additional attention 
is needed during fundus dissection because the spleen is so 
near and can be injured easily. If there is minor hemorrhage, 
it can be controlled by prepositioned sponge in order to iden-
tify the bleeding source immediately. If needed, adhesions of 
the posterior gastric wall to the pancreas are divided.

After full mobilization of the fundus and esophagus, 
robotic fenestrated forceps is passed slowly around the 
esophagus and grasps a previously placed Penrose drain. 
With the aid of Penrose drain, which is wrapped and looped 
around distal esophagus, the stomach is pulled laterally and 
superiorly in order to expose lower junction of the crura 
(Fig. 5.3a–c). The robotic instruments are switched to needle 
drivers, and the hiatus is closed using nonabsorbable (0) 
sutures in a horizontal mattress fashion (Fig. 5.3d). Usually 
2–3 interrupted sutures are applied, with thick bites includ-
ing the peritoneum to strengthen it. The use of pledged is 
also advisable to avoid tearing diaphragmatic crura muscles, 
especially in large defects. It is suggested that a Nr. 52  bougie 

be in place while closing the crural defect to prevent postop-
erative dysphagia and it also stays in esophageal lumen dur-
ing fundoplication.

Subsequently, the fundus is pushed partly toward the pos-
terior window, and then the robotic forceps is used to pull the 
fundus behind the esophagus. The fundus should be held by 
a larger bite. And then the rest of the fundus is pulled to bring 
it in front of the esophagus. Tension of the wrap by gently 
pulling and pushing the fundus around the esophagus can be 
assessed at this point, called shoeshine maneuver (Fig. 5.4). 
It can be determined if the mobilization is adequate or not 
with this maneuver. If your mobilization is adequate, the 
wrap should stay around the esophagus, or else it may return 
at its initial position, outside the posterior window, which 
denotes that further posterior dissection may be necessary. 
The anterior surface of the stomach is assessed in order to 
anchor the wrap properly.

The two sides of the fundus are sutured together with per-
manent 2-0 sutures. The stitches should pass through all gas-
tric wall layers, and part of the anterior esophagus should be 

a b

c d

Fig. 5.2 (a) The developing window at the lesser omentum. (b) Dissection of phrenoesophageal ligament (Laimer’s membrane). (c) The dividing 
of short gastric vessels between two Hem-o-Lok clips. (d) The ligating the short gastric vessels with a robotic Vessel Sealer
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included with partial thickness bites. Some surgeons suggest 
securing the wrap to the diaphragm using two coronal sutures 
(left and right). The wrap faces the patient’s right side in its 
final position. The first suture is mostly cephalad and is 
placed up on the esophagus at least 2–3 cm above the gastro-
esophageal junction. The next suture incorporates a small 
bite of the esophagus and is placed 1  cm distal. The third 
suture only incorporates the fundus and is placed another 
centimeter distal (Fig.  5.5). Irrigation and suction are not 
needed if no bleeding occurred during procedure. All instru-
ments under direct vision are removed. After injection of 
local anesthetic trocar sites, all incisions are closed by using 
monofilament absorbable suture in subcutaneous fashion.

 Postoperative Care

Following the completion of the procedure, the patient is 
transferred to the postanesthesia recovery unit and after-
ward is getting admitted to the surgical floor. A clear liq-
uid diet may be initiated when postanesthesia nausea has 

resolved. A soft mechanical diet is usually started on post-
operative day 1, and the patient is maintained on that diet 
for 2–3 weeks after the operation. If no significant dyspha-

a b

c d

Fig. 5.3 (a) The looping of a Penrose drain around distal esophagus. (b) The anterior mobilization of distal esophagus. (c) The posterior mobiliza-
tion of distal esophagus. (d) The closure of crura with pledged nonabsorbable suture in horizontal mattress fashion

Fig. 5.4 The assessment of tension of the wrap by “shoeshine” 
maneuver
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gia is  encountered, then a regular diet can be instituted. 
Initial pain management is achieved with IV narcotics and 
a patient-controlled analgesia technique. Transition to oral 
narcotics pain medications is usually accomplished within 
24 h after the procedure, and most of the patients are get-
ting discharged home on postoperative day 1 on pain control 
medications and antiemetics.
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Robotic Heller Myotomy

Sharona B. Ross, Darrell Downs, Iswanto Sucandy, 
and Alexander S. Rosemurgy

 Introduction

Achalasia is a rare esophageal motility disorder that affects 
approximately 1 in 100,000 persons, often resulting in very 
debilitating symptoms [1]. It is an esophageal dysmotility 
disorder caused by haphazard or loss of esophageal peristal-
sis and an uncoordinated hypertensive lower esophageal 
sphincter mechanism, which can lead to a dilated and/or tor-
tuous esophagus. Chronic dilation may lead to aperistalsis or 
vigorous uncoordinated contractions of the esophageal body. 
Patients are often plagued with choking sensations, inability 
to pass food boluses, and chest pain. Thereby, patients fre-
quently avoid certain foods to help prevent exacerbation of 
their condition.

Endoscopic therapies, such as pneumatic balloon dilation 
and Botox® injections, have provided a nonoperative 
approach to alleviate symptoms but have not produced the 
same long-term success as operative interventions [2]. 
Pneumatic dilation has been shown to have a 5% perforation 
risk that many patients are not willing to take, and Botox® 
related palliation is transient at best. In recent years, surgical 
intervention has presented a more promising alternative than 
these therapies. POEM is the newest endoscopic therapy, but 
POEM is not widely available, and experience is lacking [3].

Over the last 30 years, the management options of achala-
sia have evolved and progressively promoted salutary bene-
fit. From thoracotomy/celiotomy to minimally invasive 
techniques via thoracoscopy or laparoscopy, results of Heller 
myotomy improved, which manifested in shorter hospital 
stays and earlier returns to normal activities [4–13]. Because 
of associated morbidity, it was not until the 1990s, with the 
advent of laparoscopy, that the operative approach for the 
treatment of achalasia became the preferred approach over 
endoscopic therapies [4]. Thereafter, laparoscopic Heller 

myotomy became the favored approach, and thoracoscopy 
generally lost its place in the armamentarium treating acha-
lasia. Over the last few decades, a partial fundoplication has 
been added to buttress the myotomy site and help prevent 
postoperative gastroesophageal reflux (GER), after a ran-
domized trial supported its use [14, 15]. Most recently, in 
2007, the advent of laparo-endoscopic single-site (LESS) 
surgery moved Heller myotomy with anterior fundoplication 
further along the path of minimally invasive surgery. 
Compared to conventional laparoscopy, LESS Heller myot-
omy with anterior fundoplication is as safe and efficacious, 
while allowing for better cosmesis, less postoperative pain, 
and quicker return to daily functional activities [5, 16].

In the last several years, advancement in surgical technol-
ogy has introduced a robotic platform as a viable alternative 
approach for Heller myotomy. Robotic Heller myotomy was 
first reported in 2001 by Melvin et al. as an alternative tech-
nique to laparoscopic Heller myotomy [17]. The safety and 
efficacy, as measured by symptom resolution, have been 
reported to be similar between the robotic and laparoscopic 
approach, with a suggested lower rate of esophagotomy with 
the robotic platform [18]. Overall, the Heller myotomy has 
progressed through a variety of innovations that ultimately 
allow for better symptom amelioration and patient satisfac-
tion [19]. Herein, we discuss our approach in treatment of 
achalasia using robotic technology.

 Preoperative Preparation

Preoperative assessment and diagnosis of achalasia are often 
impacted by patient presentation and are obtained through a 
combination of studies including radiographic imaging, 
esophageal manometry, and upper endoscopy. Prior to surgi-
cal intervention, patients routinely undergo a timed barium 
swallow (Cohen test) to evaluate esophageal appearance, 
motility, and emptying, as well as to evaluate the gastro-
esophageal junction, looking for the classic “bird’s beak” 
appearance of the gastroesophageal junction (i.e., a dilated 
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proximal esophagus with distal tapering). Esophageal 
manometry is utilized to evaluate esophageal function along 
the length of the esophagus and through the gastroesopha-
geal junction. Esophageal manometry is not undertaken rou-
tinely because the highly tortuous esophagus of most patients 
often limits its application; an esophageal diverticulum as 
well dissuades endoscopists from applying manometry to 
diagnostic testing. Upper endoscopy is necessary preopera-
tively to assess the distal esophageal mucosa and to rule out 
other causes of dysphagia (i.e., esophageal stricture, malig-
nancy, or infectious etiology). Typical endoscopic findings 
are dilated proximal-mid esophagus with a narrowed distal 
esophagus that fails to relax (i.e., open) with air insufflation; 
the endoscope should be able to pass though the gastro-
esophageal junction with careful guidance but without force, 
unlike when a peptic stricture is present. If a stricture of 
unknown etiology or a mass is noted during endoscopy, then 
further investigation with dilation, pH testing, and endo-
scopic ultrasound (EUS) is warranted. In patients with long- 
standing achalasia, a highly serpiginous esophagus may be 
encountered.

 Surgical Technique

 Patient Positioning

Even though the laparoscopic approach is the “gold stan-
dard” for definitive therapy for achalasia, robotic technology 
offers inherent advantages over laparoscopy. The robot offers 
optimal visualization, adequate retraction and exposure, and 
the “fine” motor skills required for an uncomplicated and 
adequate Heller myotomy. Utilization of the robotic system 
allows and obviates the need for advanced laparoscopic 
skills. In sum, the robotic system provides a safe and effec-
tive approach for undertaking to Heller myotomy and ante-
rior fundoplication.

The patient is placed in the supine position on the operat-
ing table. Compression stockings and sequential compres-
sion devices (SCDs) are used in all patients to prevent deep 
vein thrombosis (DVT). After general endotracheal anesthe-
sia is established, both arms are extended, and all pressure 
points are padded. The patient’s abdomen is widely prepped 
with alcohol, and a betadine-impregnated plastic drape is 
applied. The surgical table is then positioned in modest 
reverse Trendelenburg position with a slight left lateral tilt. 
The da Vinci Xi® (Intuitive Surgical, Sunnyvale, CA) robotic 
system is docked with the boom coming over the patient’s 
right shoulder. The assistant surgeon stands on the patient’s 
left, and the “scrub tech” stands to the patient’s right. This 
arrangement enables easy access to the robotic arms for 
instrument exchange. Two surgeon consoles are placed in 
such a way that the surgeon at the console has a direct visu-

alization of the patient; we utilize dual consoles for the edu-
cation and training of fellows and residents (see Fig. 6.1).

 Port Placement

Prior to making any incision, approximately 5-8 cc of 0.25% 
Marcaine™ (AstraZeneca, Wilmington, DE) with epineph-
rine (1:1000) is injected into the umbilicus and all robotic 
port sites for local anesthesia. We believe this aids with 
decreasing postoperative pain. The abdomen is entered via 
8 mm incision in the umbilicus, and pneumoperitoneum is 
established (up to 15 mmHg). The da Vinci Xi® is docked 
from over the patient’s right shoulder.

After placement of the umbilical port, an 8 mm ports are 
placed along the left and right midclavicular line, cephalad to 
the umbilicus. A third 8 mm port is placed along the left ante-
rior axillary line, cephalad to the umbilicus. A 5  mm 
AirSeal® Access Port (ConMed Inc., Utica, NY) is placed in 
the right upper quadrant along the right anterior axillary line 
for placement of a laparoscopic liver retractor. This port is 
very helpful in maintaining insufflation; this port is a particu-
larly good adjunct for complex abdominal operations. The 
left lobe of the liver is retracted anteriorly, which provides 
exposure to the epigastric area (gastroesophageal junction 
and stomach). Only robotic arms 2, 3 (camera), and 4 are 
used. A fenestrated bipolar is placed in Arm 2, and a hook 
cautery is placed in Arm 4. The left midclavicular line port is 
used by the bedside assistant for suctioning or retraction (see 
Fig. 6.2).
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Fig. 6.1 Step 1 – Patient positioning/OR setup

S. B. Ross et al.



49

 Exposure of Distal Esophagus

The dissection begins with opening the gastrohepatic omen-
tum in a stellate fashion using the robotic fenestrated bipolar 
instrument, a bowel grasper, and hook cautery. An accessory 
or replaced left hepatic artery must be anticipated in this 
location, and it should be preserved when the diameter is 
significant. The dissection is then carried toward the right 
crus, up and down the right crus, and into the mediastinum. 
Attention must be paid not to enter either pleural cavity. The 
dissection is continued anteriorly and cephalad to expose the 
anterior surface of the distal esophagus and gastroesopha-
geal junction; care is undertaken to preserve the vagal trunks. 
The upper portion of the left crus then comes into view. The 
vagal nerve bundle is identified and preserved, and the gas-
troesophageal fat pad is excised (see Fig. 6.3).

 Mobilization of Gastric Fundus

With the stomach retracted to the patient’s right, the short 
gastric vessels are divided in a caudal to cephalad direction 
using the robotic vessel sealer sufficiently to reduce the gas-
troesophageal junction (GEJ) into the peritoneal cavity. The 
GEJ and the distal esophagus are mobilized only to expose 
the GEJ and reduce any hiatal hernia. Unnecessary dissec-
tion is to be avoided. As needed, the dissection is carried to 
the left crus, up and down the left crus, and into the medias-
tinum; any remaining hiatal hernia is fully reduced. The 

esophagus needs not be circumferentially mobilized. Our 
goal was to have 8 cm of esophagus in the peritoneal cavity.

 Heller Myotomy

The myotomy starts on the esophageal side of the GEJ, 
approximately 1–2  cm superior to the gastroesophageal 
junction. Identifying the GEJ can be difficult, and the bene-
fits of esophagoscopy/gastroscopy cannot be overstated. 
Carrying the myotomy unnecessarily cephalad is counter-
productive; this carries risk without benefit and myotomized 
esophagus not covered by anterior fundoplication notably 
bulges over time. Utilizing robotic hook cautery, and while 
avoiding the anterior vagus nerve, the longitudinal muscle 
fibers are divided, which exposes the underlying circular 
muscle fibers (see Fig. 6.4). The plane exterior to the submu-
cosa is divided carefully with hook cautery. The division of 
circular muscle fibers is carried out initially in a cephalad 
direction using robotic hook cautery (see Fig. 6.5). Then the 
myotomy is carried in a cephalad-to-caudad direction as the 
myotomy is carried along the anterior aspect of proximal 
stomach. The muscle edges are teased off the submucosa 
until about 50% of the esophageal circumference is freed of 
overlying muscle.

The goal is to defunctionalize the LES mechanism; the 
robotic 3D camera and stable platform facilitate a precise 
myotomy. The myotomy must defunctionalize the LES 
mechanism, nothing more. It is not productive, and is, in fact, 
counterproductive, to carry the myotomy unnecessarily 
“high” on the esophagus and unnecessarily “far” onto the 
stomach. Endoscopically, the myotomy must be carried 
across the Z-line; that is the goal. A bit more cephalad and 
caudad is OK, but excessive dissection is risk without  benefit. 
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Fig. 6.2 Step 2 – Port placement

Fig. 6.3 Step 3 – Exposure of distal esophagus
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It is important to free submucosa from overlying muscle to 
free about 50% of the esophagus of “hypertensive” “uncoor-
dinated” muscle. Blood loss should not be an issue, and most 
bleeding can be easily controlled with the application of 
direct pressure. Electrocautery should be used very judi-
ciously to avoid thermal injury to the esophageal and gastric 
submucosal layers.

 Intraoperative Esophagogastroscopy

Once the myotomy extends well above and below the gastro-
esophageal junction, intraoperative esophagogastroscopy 

(EGD) is routinely undertaken to confirm that the gastro-
esophageal junction (i.e., the myotomized segment) opens 
with gentle CO2 insufflation (see Fig. 6.6). The endoscopy 
should also confirm that the myotomy is “clean” enough and 
that there are no inadvertent esophagotomies and/or gastrot-
omies. Next, the gastroscope is advanced to the distal stom-
ach, and an anterior fundoplication is constructed in order to 
prevent inadvertent angulation at the gastroesophageal 
junction.

 Construction of Dor (Anterior) Fundoplication

We routinely construct a Dor (anterior) fundoplication with 
Heller myotomy. The fundus is brought “over” to the myot-
omy and completely covers the myotomy. We use 3–4 inter-
rupted 3.0 V-Loc sutures. The first brings the fundus to the 
left side of the esophagus, proximal (on the esophagus) to the 
myotomy (see Fig. 6.7a). The second brings the fundus to the 
right side of the esophagus, also proximal to the myotomy 
(see Fig. 6.7b). The third brings the fundus to the right side 
of the esophagus but caudal to the previous suture (see 
Fig. 6.7c). With these three sutures, the myotomized segment 
is completely covered. The fundus is anchored to the esopha-
gus and right crus to remove tension on the wrap and twist-
ing of the esophagus (see Fig. 6.7d).

Fig. 6.4 Step 4 – Heller myotomy (dividing the longitudinal muscle 
fibers)

Fig. 6.5 Step 4  – Heller myotomy (dividing the transverse muscle 
fibers) Fig. 6.6 Step 5 – Intraoperative EGD
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 Closure

To decrease postoperative shoulder pain, the diaphragm is 
irrigated bilaterally and liberally with a solution of 7.5 mL of 
0.25% Marcaine™ in 250 mL of normal saline. The fascial 
incisions are closed with 0-gauge monofilament absorbable 
sutures. The skin is approximated with interrupted 4-0 
absorbable sutures. A sterile 1.5  ×  6 silver dressing 
(Therabond® 3D, Alliqua Biomedical, Langhorne, PA) is 
applied to all incisions followed by sterile dry dressing with 
2  ×  2 gauze; it is covered with a Tegaderm™ (Tegaderm 
transparent dressing, 3M™, St Paul, MN) dressing. This 
watertight dressing allows the patients to shower at home. 
The dressing is removed at 7–8 days postoperatively in the 
office.

 Postoperative Management

Esophagography (gastrografin followed by thin barium) is 
obtained upon discharge from the recovery room to evaluate 
integrity of the distal esophagus (i.e., evaluate for esophageal 
leak) and to document prompt emptying of the esophagus. In 
the absence of leak and delayed emptying, patients are 
started on a clear liquid diet. Pain is controlled and nausea is 
treated with anti-nausea medication. Retching and emesis 
must be avoided to prevent disruption of the myotomy and 
the fundoplication in the early postoperative phase. Patients 
are generally advanced to a full liquid diet the next morning, 
and they are discharged to home that day. Dietary instruc-
tions are provided to the patients and family prior to hospital 
discharge.

If the postoperative esophagogram indicates poor esopha-
geal emptying, it is usually related to self-limited postopera-
tive edema that resolves within 24–48 h [20]; if this is occurs, 
we just wait to start liquids until the next morning. We have 
never had the esophagogram detect an occult or unexpected 
esophagotomy. After discharge, patients are seen in the office 
in about 1–2  weeks postoperatively, and their diets are 
advanced to a more textured diet. Intermediate follow-up 
occurs in 2–6 months. Long-term follow-up occurs annually 

or semiannually thereafter in person, through mail, or by 
phone.

 Possible Complications

 1. Esophagotomy and/or gastrotomy can occur during 
myotomy, especially in patients with prior history of 
pneumatic balloon dilation and/or botulinum toxin injec-
tions. Primary treatment: primary repair and buttress with 
Dor (anterior) fundoplication.

 2. Capnothorax rarely occurs during reduction of hiatal her-
nia, when the pleural space may be violated. Treatment: 
Placement of a pneumothorax catheter or a small tube 
thoracotomy intraoperatively to evacuate the carbon 
dioxide.

 3. Postoperative dysphagia can occur due to swelling at the 
gastroesophageal junction. This is usually self-limited.

 Outcomes After Robotic Heller Myotomy

Early in the application of robotic surgery, Galvani et  al. 
reported a series of robotic Heller myotomy in 54 patients 
[21]. There were no intraoperative complications, and only 
two patients developed postoperative complications (i.e., 
incarcerated port site hernia and a delayed thermal injury to 
the transverse colon requiring a colon resection). Melvin 
reported another series of 104 patients undergoing robotic 
Heller myotomy [22]. There were no intraoperative esoph-
agotomies, which suggests that the application of computer- 
enhanced operative techniques provide superior outcomes 
when compared with standard laparoscopic techniques. 
Conversion to “open” operations was needed for two patients 
because of bleeding and robotic system computer failure. 
Perry et al. reported similar results in a series of 56 patients 
which compared robotic Heller myotomy to laparoscopic 
Heller myotomy [23]. No esophagotomies occurred with the 
robotic approach, while 16% of patients had esophagotomies 
with the laparoscopic approach (p = 0.01). Finally, the lower 
rate of esophagotomy with the robotic platform was con-
firmed in a meta-analysis by Maeso et  al. [24]. A large 

Fig. 6.7 Step 6 – Construction of Dor fundoplication
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 multicenter study reported by Shaligram confirmed a low 
morbidity of robotic Heller myotomy (149 patients), when 
compared with laparoscopic (2116 patients) and “open” (418 
patients) myotomy; the morbidity after robotic Heller myot-
omy is like that seen with laparoscopic Heller myotomy (4% 
versus 5%) [25].

Resolution of dysphagia after robotic Heller myotomy is 
excellent and like that after laparoscopic myotomy. Horgan 
et  al. demonstrated comparable dysphagia resolution after 
both robotic and laparoscopic Heller myotomy (92% versus 
90%, p = 0.5) [26]. Perry et al. reported long-term outcomes 
following robotic and laparoscopic Heller myotomy [18, 23]. 
Their study has 9-year median follow-up, and all patients 
reported adequate relief of dysphagia; 84% of patients who 
underwent robotic Heller myotomy had enduring relief of 
dysphagia without needing further intervention compared to 
70% of patients who underwent laparoscopic Heller 
myotomy.

There is currently a great degree of debate on the role of 
robotics in American Surgery. Surgeons, patients, healthcare 
payers, and hospital institutions are among the many stake-
holders in this debate. A multitude of factors, therefore, 
determine when robotic surgical systems should be used in 
patient care. These factors include, but are not limited to, 
robot availability, surgeon aptitude, nature and scope of the 
planned operation, costs of care, and institutional goals and 
direction. One of the major concerns about robotic surgery is 
the cost of purchasing and maintaining a robotic surgical 
system. Short hospital stays deriving from minimally inva-
sive procedures do not necessarily translate into cost savings 
for healthcare institutions; whether the robotic platform is 
overall cost-effective is difficult to evaluate. However, we 
have reported that costs can be manageable and cost- effective 
if the robotic systems are used to their maximum potential 
(i.e., in high-volume centers) [27]. The robotic platform will 
eventually become more affordable, and institutions with the 
latest technologies may hold a competitive edge for patients.

In conclusion, robotic Heller myotomy is a safe and effi-
cacious alternative for Heller myotomy. The robotic platform 
offers several advantages to the surgeon while providing 
similar benefits of laparoscopic Heller myotomy.
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Robotic Sleeve Gastrectomy

Brian Minh Nguyen and Benjamin E. Schneider

 Introduction

The sleeve gastrectomy is a weight loss procedure that has 
rapidly replaced Roux-en-Y gastric bypass as the most com-
mon weight loss procedure performed in the United States 
(see Fig. 7.1). By reducing the stomach volume by 70–80%, 
there are obvious restrictive properties that promote weight 
loss. In addition to having restrictive properties, it is also 
postulated that the sleeve gastrectomy causes weight loss by 

promoting gastric emptying and inhibiting the release of 
ghrelin, a hormone that acts on the brain to stimulate appe-
tite. Over 90% of the bodies circulating ghrelin is released 
from the stomach and duodenum. Significant reduction in 
stomach volume produced by the sleeve gastrectomy, in turn, 
reduces the amount of circulating levels of ghrelin, which 
results in suppression of appetite. It is likely the combination 
of these mechanisms that lead to the weight loss seen in this 
patient population.
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 History

The idea for the sleeve gastrectomy originated in 1976, when 
Lawrence Tretbar noticed that patients undergoing an 
extended fundoplication for reflux also had significant 
weight loss as a side effect. The extended fundoplication 
effectively reduced the stomach volume to restrict food 
intake, which led to weight loss in addition to treating the 
patients’ reflux [1]. This idea was incorporated by Doug 
Hess a decade later, although instead of an extended gastric 
plication, he created a vertical gastrectomy as a way to 
reduce the stomach volume. He first performed this as part of 
a duodenal switch procedure in 1988 [2].

With the advent of minimally invasive surgery, some bar-
iatric surgeons began performing laparoscopic duodenal 
switches. One of the barriers to widespread adoption of the 
laparoscopic duodenal switch was a high complication rate 
associated with high body mass index (BMI) patients. As a 
way of mitigating this risk, some surgeons began staging the 
procedure by first performing the vertical gastrectomy por-
tion of the procedure. This allowed for interval weight loss 
prior to completing the second stage of the procedure months 
later. This staged approach was found to have lower compli-
cation rates in patients with high BMI, when compared to a 
single-staged procedure [3].

Soon, others realized that weight loss associated with the 
vertical gastrectomy alone was sufficient in morbidly obese 
patients with lower BMI.  The sleeve gastrectomy, as it is 
known today, is now recognized as a primary bariatric sur-
gery procedure by the American Society of Metabolic and 
Bariatric Surgery and is the most commonly performed 
weight loss operation in the United States.

Robot-assisted sleeve gastrectomy has grown in popular-
ity as the platform continues to evolve and surgeons continue 
to embrace the technology.

 Literature Review

Along with the Roux-en-Y gastric bypass and the adjustable 
gastric band, sleeve gastrectomy is one of the most common 
weight loss surgeries performed in the world and has been 
gaining popularity in recent years. According to the 
Metabolic and Bariatric Surgery Accreditation and Quality 
Improvement Program (MBSAQIP) database, sleeve gas-
trectomy has overtaken gastric bypass as the most commonly 
performed weight loss procedure in the United States.

A meta-analysis comparing outcomes between gastric 
bypass and sleeve gastrectomy showed that gastric bypass is 
associated with a slightly better long-term weight loss but is 
similar to sleeve gastrectomy in terms of resolution of weight-
related comorbidities, including type 2 diabetes mellitus, 
hypertension, hyperlipidemia, and hypertriglyceridemia [4]. 

In another meta-analysis, sleeve gastrectomy was associated 
with a lower postoperative complication rate when compared 
to gastric bypass (3.9% vs 11.6%, p < 0.001) [5].

When comparing robot-assisted sleeve gastrectomy to 
laparoscopic sleeve gastrectomy, operative times were 
slightly longer in the robot-assisted cases. One author attrib-
uted this to routine oversewing of the staple line during 
robot-assisted sleeve gastrectomy which is not routinely 
done laparoscopically [6]. Another author attributed this to 
robot docking times, which took an average of 16 min [7].

Patient outcomes have been shown to be similar between 
the two groups. After accounting for the learning curve asso-
ciated with robotic surgery, hospital length of stay was shown 
to be slightly longer in the robotic group (1.7 ± 1.8 days vs. 
1.2 ± 0.5 days, p < 0.01) but only on the magnitude of half a 
day, on average. The authors showed no difference in terms of 
readmission (2.4% vs 2.2%, p = 0.88), reoperation (1.2% vs. 
0.7%, p = 0.60), and leak rate (1.9% vs 3.2%, p = 0.28) [8].

 Preoperative Planning

In order for patients to be considered for weight loss surgery, 
they must meet certain criteria. These criteria were first out-
lined by the National Institute of Health (NIH) in 1991 and 
modified by the American Society of Bariatric Surgery in 
2004.

Candidates for weight loss surgery include patients with a 
BMI greater than 40 kg/m2 (or body weight greater than 100 
pounds above ideal body weight) or a BMI of 35 to 39.9 kg/
m2 (or body weight greater than 80 pounds above ideal body 
weight) with at least one serious weight-related comorbidity, 
such as obstructive sleep apnea, type 2 diabetes, hyperlipid-
emia, heart disease, degenerative arthritis/chronic lower 
back pain, or hypertension. Patients should also demonstrate 
failure of nonsurgical weight loss attempts in the past.

Contraindications to weight loss surgery include no prior 
attempt at medical weight loss, life-threatening disease, pro-
hibitive operative risk, uncontrolled psychiatric illness, 
active substance abuse, inability to follow up, and lack of 
social support.

Relative contraindications to the sleeve gastrectomy 
include patients with Barrett’s esophagus or severe gastro-
esophageal reflux, as the surgery may exacerbate this 
condition.

 Preoperative Assessment

When considering any weight loss procedure, patients rou-
tinely undergo an extensive psychological, medical, and 
anesthetic risk assessment. In preparation for a sleeve gas-
trectomy, patients with documented upper gastrointestinal 
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symptoms such as reflux or dysphagia should undergo evalu-
ation to exclude ulcers, polyps, dysplastic changes, and hia-
tal hernia. This step is important because patients with severe 
gastroesophageal reflux or Barrett’s esophagus may have 
their conditions worsened with a sleeve gastrectomy and 
may be better suited for another weight loss procedure, such 
as gastric bypass. An unrecognized hiatal hernia may also 
worsen symptoms postoperatively and, if identified, should 
be repaired at the time of sleeve gastrectomy.

Patients should be encouraged to lose weight in the 
weeks leading up to surgery, as this can significantly 
reduce liver size and the amount of visceral fat, makes sur-
gery easier to perform. Patients should also confirm that all 
of their home medications can be either crushed or obtained 
in liquid form, as pill swallowing may be difficult for a few 
weeks after surgery due to postoperative inflammation. 
Extended release medications should be converted to 
immediate release because they typically cannot be 
crushed. Patients should have nothing to eat or drink start-
ing midnight prior to surgery and avoid taking pills on the 
day of surgery to avoid retained pills within the stomach 
during surgery.

 Setup

Sequential compression stockings and subcutaneous heparin 
should be administered to reduce the risk of deep vein throm-
bosis. Preoperative antibiotics targeting upper gastrointesti-
nal flora should be administered in case of perforation or 
spillage of gastric contents. A urinary catheter is not rou-
tinely needed but can be placed if a prolonged procedure is 
anticipated or for patients at high risk of urinary retention. 
An orogastric tube should be inserted into the stomach and 
placed on suction to remove excess fluid and air from the 
stomach prior to beginning the dissection.

The patient is positioned supine on the operating room 
table. The patient’s arms do not need to be tucked as the 
patient cart is docked over the patient’s left shoulder. Because 
the patient cart will be stationed above the patient’s head, it 
is important that the anesthesia provider makes arrangements 
for easy airway and intravenous access. Circulating nurses 
and scrub techs should be familiar with the setup and use of 
the robot.

 Procedure

A robot-assisted sleeve gastrectomy involves performing a 
vertically oriented partial gastrectomy that removes 70–80% 
of the stomach along the greater curve. The following proce-
dure will be described using a 4-armed da Vinci SI High-
Definition Surgical System.

For this procedure, the patient cart is docked above the 
head of the patient over the left shoulder. A Veress needle is 
used to insufflate the abdomen and is inserted in the left 
upper quadrant, below the costal margin. When planning 
port placement for robotic surgery procedures, it is important 
to note that the camera port should be oriented approximately 
20  cm from the target anatomy and each additional port 
should be at least 8–10 cm away from any adjacent robotic 
port. Because the target anatomy for a sleeve gastrectomy is 
the stomach, located slightly above the xiphoid, the camera 
port is placed 15–20 cm below the xiphoid, above the umbi-
licus in the midline. A 12-mm extra-long trocar is used as the 
camera port. Robotic arm port 1 should be placed in the left 
midclavicular line, about 10 cm lateral to the camera port. 
Robotic arm port 2 should be placed in the right midclavicu-
lar line, 10 cm lateral to the camera port on the opposite side. 
Robotic arm port 3 should be placed in the left flank, 8–10 cm 
lateral to robotic arm 1. Lastly, a 15-mm assistant port is 
placed in the right lower quadrant at the level of the umbili-
cus to assist in suctioning and stapling of the stomach (see 
Fig. 7.2).

To begin the operation, the Veress needle is inserted in the 
left upper quadrant below the costal margin. To confirm 
placement within the peritoneal cavity, an aspiration test is 
performed to confirm that no intestinal contents or blood is 
aspirated, followed by a saline drop test. Once intraperito-
neal placement is confirmed, the abdomen is insufflated to 
15  mmHg. The camera port is then inserted under direct 
visualization using an optical trocar. A laparoscopic camera 
is then inserted into the abdomen to evaluate for adhesions or 
other findings that may alter port placement or operative 
planning. A Nathanson liver retractor is then placed to the 
left of the epigastrium to retract the liver away from the 
stomach. Then, the three 8-mm trocars are placed under 
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Fig. 7.2 Port placement
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direct visualization in the aforementioned locations, fol-
lowed by the assistant port trocar. Long cannulas should be 
used as high BMI patients tend to have a thicker abdominal 
wall. The bed should then be placed in reverse Trendelenburg.

The patient cart is then brought into the surgical field, 
positioned above the patient’s left shoulder, and the robotic 
arms are attached to the trocars. The bed may need to be 
turned to facilitate this. Make sure that the elbow of the cam-
era port is on the opposite side of robotic arm 3 to allow for 
maximal range of motion. A 30-degree camera is then 
inserted through the camera port in the down position. The 
camera port, target anatomy, and patient cart should be ori-
ented in a straight line. Also, make sure that the blue arrow 
on the camera arm joint falls within the boundaries of the 
blue line, the so-called sweet spot.

The instruments are then inserted under direct visualiza-
tion to avoid unintentional injury from blind insertion. 
Atraumatic forceps, such as a fenestrated bipolar forceps or 
Cadiere forceps, are inserted into ports 2 and 3. A vessel 
sealer is inserted into port 1. The accessory port can be used 
to suction or for extra retraction.

Dissection begins by separating the greater omentum 
from the greater curve of the stomach. A relatively avascular 
region is selected within gastrocolic ligament approximately 
6 cm from the pylorus and a dissection begins using the ves-
sel sealer (Fig. 7.3). This will open a window into the lesser 
sac, and the dissection should continue cephalad toward the 
spleen along the lateral border of the greater curve. To aid in 
this dissection, the stomach and omentum should be retracted 
with the forceps in opposite directions to create tension and 
adequate visualization. It is helpful to keep the line of dissec-
tion relatively close to the stomach, and it is important to 
avoid injuring the underlying colon. The dissection is further 
carried up toward the angle of His, dividing the short gastric 
vessels in the process. Extra care should be taken when 
approaching this dissection because of its proximity to the 
spleen (Fig. 7.4). There may be additional adhesions on the 
posterior wall of the stomach to the underlying pancreas, and 

these should be divided with a vessel sealer. Occasionally, 
additional dissection toward the pylorus may be necessary.

The orogastric tube should then be removed and replaced 
with a 36 Fr bougie tube. Starting 6 cm from the pylorus, 
60-cm, linear cutting stapler should be inserted through the 
accessory port, and a horizontally angled firing of the sta-
pling devise should be performed adjacent to the bougie 
(Fig.  7.5). Care should be taken to avoid narrowing the 
level of the incisura, which can lead to stricture. The 
remaining staple loads should be oriented vertically toward 
the angle of His, along the edge of the bougie. It is impor-
tant to retract the fundus laterally to prevent corkscrewing 
of the staple line or leaving a redundant “neo-fundus” 
(Fig.  7.6). The thicker fungus may require a taller staple 
height, particularly for the first several staple loads. Some 
surgeons routinely oversew the staple line or use buttress-
ing material to reinforce the staple line, although contro-
versy exists regarding its benefits. If the staple line is Fig. 7.3 Opening the gastrocolic ligament

Fig. 7.4 Dissection of the short gastric vessels

Fig. 7.5 Gastric division with bougie in place
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oversewn, it is imperative to keep the bougie in place to 
prevent narrowing of the lumen.

Once the stapling is complete, the bougie should be 
removed and replaced with a orogastric tube. To test for 
leaks, 120 ml of methylene blue is injected into the stom-
ach via the orogastric tube to distend the stomach. 
Alternatively, endoscopy may be used in order to test the 
staple line.

Once hemostasis is achieved, the specimen is grasped 
through the accessory port with a locking forceps, the 
robot is undocked, and the specimen is removed. A 15-mm 
retrieval bag can also be used to facilitate removal of the 
specimen. The assistant port and cameral port need to be 
closed to prevent incisional hernia. This can be done using 
either an open or laparoscopic technique. The 8-mm port 
site fascia does not need to be re-approximated. The skin is 
then closed with and absorbable monofilament subcuticu-
lar suture.

 Postoperative Care

Subcutaneous heparin and sequential compression stockings 
should be continued postoperatively. Patients can begin a 
clear liquid diet soon after surgery and are advanced to pro-
tein shakes as tolerated. Liquid should be taken in small 
boluses of no more than 15 mL at a time to account for the 
small stomach reservoir and swelling that occurs postopera-
tively. Maintenance IV fluids should be given until the patient 
is tolerating enough liquids to prevent dehydration. Patients 
are typically discharged on postoperative day 1 or 2 once 
they meet their discharge criteria. Patients should be seen 
2  weeks after discharge for a postoperative check and be 
seen by the dietician to advance their diet as tolerated, based 
on symptoms. Patient surveillance is done at the 6-month 
and 1-year mark, then yearly from then on out.

 Outcomes

Patients undergoing sleeve gastrectomy can expect to lose 
over 60% of their excess body weight. These results are 
slightly less than that of the gastric bypass [9].

Patient comorbidities, such as diabetes, hypertension, 
sleep apnea, and hyperlipidemia, also improve to varying 
degrees. Studies are conflicting regarding improvement of 
gastroesophageal reflux symptoms.

 Complications

Although complications are rare, they can be serious. 
Acutely, complications include hemorrhage and leak. The 
rate of postoperative hemorrhage varies and can occur within 
the stomach lumen, at the trocar sites, or intra-abdominally. 
Most commonly, intra-abdominal bleeding occurs along the 
staple line as a result of the long staple line and well-vascu-
larized stomach. Prior to finishing surgery, the staple line 
should be carefully examined to exclude potential sites of 
bleeding. Some surgeons routinely use buttressing material 
or oversew the staple line to prevent this potential 
complication.

Leaks can occur at any part of the long staple line and can 
be difficult to heal spontaneously because of increased intra-
luminal pressure keeping the perforation open. Evaluation of 
leaks can be done by injecting methylene blue or air through 
an orogastric tube. Other surgeons routinely perform endos-
copy to detect leaks. Signs and symptoms of leaks include 
fever, tachycardia, respiratory distress, or worsening abdom-
inal pain. Unstable patients require immediate reoperation. 
In patients with unexplained fever and tachycardia, surgeons 
should have a low threshold for re-exploration to rule out 
leak. Endo-luminal stenting has been shown to be effective 
treatment option. Other options include oversewing the leak 
with a bougie to prevent stricture or conversion to Roux-
en-Y gastric bypass.

Strictures may occur over time, and patients typically 
present with symptoms that mimic gastroesophageal reflux. 
Endoscopy and balloon dilation can be used for short-seg-
ment strictures, but long-segment strictures may require con-
version to Roux-en-Y gastric bypass.

Portal vein thrombosis is a rare but potentially serious 
complication that has been seen in sleeve gastrectomy 
patients and occurs in about 1% of patients undergoing 
laparoscopic sleeve gastrectomy [10]. Symptomatic 
patients will typically present with epigastric pain. 
Anticoagulation is the standard for asymptomatic patients 
with nonocclusive disease, but patients with occlusive dis-
ease may require thrombectomy in addition to 
anticoagulation.

Fig. 7.6 Lateral retraction of the fungus
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Robotic Gastric Bypass/Duodenal 
Switch

Keri Seymour and Ranjan Sudan

 Introduction

Bariatric surgery incorporated the robotic surgical system 
into their surgical armamentarium with advanced hand-sewn 
techniques and improved outcomes. In 2000, the Food and 
Drug Administration approved the use of the da Vinci robot 
in general surgery, and the first robotic Roux-en-Y gastric 
bypass (RARYGB) and robotic-assisted biliary pancreatic 
diversion with duodenal switch (RABPD/DS) were per-
formed the same year [1, 2].

Patients undergoing bariatric surgery often have a thick 
abdominal wall with substantial subcutaneous fat. These fac-
tors place significant torque on the straight laparoscopic 
instruments and may be physically demanding on the sur-
geon. Additionally, the significant visceral fat frequently 
reduces operating space. The robotic platform incorporates 
more durable instruments, additional arms for retraction, and 
enhanced ergonomics for the surgeon. Some surgeons prefer 
to use the robot for these reasons, especially in patients with 
higher body mass index (BMI) or technically challenging 
anatomy.

 Literature Review

Robotic systems can offset many of the limitations of con-
ventional laparoscopy including optics, ergonomics, and 
retraction. The earliest version of the robotic surgical system 
incorporated three robotic arms that were controlled from a 
remote console. The addition of a third arm created an oppor-

tunity for additional retraction or operating radius. The opti-
cal imaging was more advanced than standard laparoscopy 
and included binocular vision and a stable, 3D camera. The 
instruments introduced seven degrees of movement, two 
more than the standard laparoscopy. The “wristed” instru-
ments allowed for precise actions and were frequently used 
for creating a hand-sewn anastomosis [3, 4]. In addition, the 
robotic system dampened unnecessary movements and 
tremors.

Himpens performed the first robotic-assisted adjustable 
gastric band in 1998 in Belgium [5]. By 2003, only 11 sur-
geons in the United States were publishing results on robotic 
bariatric surgery [6]. Initial implementation by six surgeons 
utilized a hybrid technique that reserved the robot for the 
gastrojejunostomy (GJ) or duodenoileostomy (DI) anasto-
mosis [2, 3]. Even though the wristed instruments allowed 
hand-sewn anastomosis in complex surgeries like RABPD/
DS, operating in multiple areas required additional setups 
and extended operating time. With experience and improve-
ments in technology, docking times improved and totally 
RARYGB and totally RABPD/DS were developed [7, 8].

The first-generation robotic platform had three arms and a 
limited selection of instruments. Since then technology 
steadily developed, and the latest generation of the robot 
includes a fourth robotic arm, electrocautery, and stapler and 
is capable of multi-quadrant operations. Furthermore, 
updated instruments are longer, are more suited to gently 
handle bowel, and have increased range of motion.

With the development of the field of robotic bariatric sur-
gery, the learning curve for surgeons has also been reported. 
Operative time for fellows performing the RARYGB was 
154 min after the first 10 cases and decreased to 99 min after 
20 cases [3]. Additionally, complications decreased after 50 
RABPD/DS cases [9]. Overall, the surgeons experience 
reflected reduced operative times and low complication rates. 
The technical advances, along with surgeon proficiency, 
shorter operative time, and fewer complications, have pro-
moted robotic-assisted bariatric surgery.
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 RYGB

Initially, utilization of the robot was hindered by a compli-
cated setup and technical inexperience. The first RARYGB 
was performed in 2000 [1], and studies that compared lapa-
roscopic RYGB (LRYGB) to RARYGB reported mixed 
results [7, 10–12]. An interesting analysis comparing 
RARYGB to eight different LRYGB techniques demon-
strated that the mean operative time for the RARYGB was 
201 min, while the operative time for the various LRYGB 
procedures ranged from 60 to 260 min. The RARYGB fell 
within an acceptable range of operative times and included a 
mean time of 19.3 min to perform a hand-sewn GJ anasto-
mosis [10]. Another study compared outcomes after 
RARYGB to the same surgeon’s previous LRYGB outcomes 
[11]. The mean operative length for this single surgeon’s 
LRYGB was 127 min while the first 15 RARYGB cases was 
completed in 212 min and included 30 min to dock and set 
up the robot. However, after 35 RARYGB cases, this sur-
geon’s operative time reduced to a mean of 136 min [11]. 
This demonstrated the surgeon’s and operative room staff’s 
learning curve in mastering robotic technology.

Another study also reported decreased setup and operat-
ing time with increasing number of cases. Initial robotic 
setup time decreased by over 50% from an average of 
17.3 min for the first 20 RARYGB patients to 7.7 min for the 
last 20 cases. Additionally, the average operative time 
decreased from 312.6 min during the first 20 RARYGB cases 
to a mean of 201.6 min for the last 20 patients [4]. Similarly, 
a case series demonstrated the mean operative time for the 
initial 40 RARYGB cases was 200 min while the final 100 
RARYGB cases was 90 min [13].

Although the RARYGB requires training on the robotic 
system and technical expertise with the operation itself, the 
learning curve appears to be shorter than that of the LRYGB. 
While the learning curve of the LRYGB is 75–100 cases 
[14], the RARYGB is reported at 14–35 cases [3, 11, 14, 15].

BMI per minute is used as a surrogate to standardize pro-
cedure difficulty related to ergonomic challenges from 
torque and central visceral adiposity while acknowledging 
operative efficiency. When controlling for BMI, the operat-
ing time (mean minute per BMI) was faster for RARYGB 
than for LRYGB [3, 7]. The study also suggested BMI 
>43 kg/m2 did not affect RARYGB time and the skill of the 
surgeon was more influential in operative length [3]. This 
was further supported when additional studies described 
mean operative minutes per BMI diminished with operative 
proficiency [7, 14, 15].

Overall complications for RARYGB were comparable to 
laparoscopy. The overall complication rate was 14% and 
mortality was 0% [3, 10, 12, 13, 16]. A GJ leak occurred in 

up to 0.09% [6, 10, 13, 16, 17]. Additionally, rates were low 
for deep venous thrombosis (DVT) (0.27%), pulmonary 
embolus (1%), bleeding events (0%), marginal ulcers 
(0.55%), and trocar site hernia (1%) [6, 10, 13, 16]. The post-
operative course had 2% reoperations [16]. A GJ stricture 
was more common than a leak when the hand-sewn tech-
nique was incorporated in the robotic surgeries. A GJ stric-
ture rate up to 4.4% occurred after RARYGB compared to 
5.3% during hand-sewn LRYGB anastomosis [6, 10, 12, 13, 
15–17]. No nutritional deficiencies were reported at 
12 months after RARYGB [10], again proving that RARYGB 
was safe and comparable to LRYGB.

Weight loss was similar to LRYGB. One month after 
RARYGB, patients achieved 21% EWL [10]. This ranged 
from 38% to 48% EWL at 3 months and 57% to 64% EWL 
at 6 months [10, 15]. Weight loss was similar at 1 year for 
LRYGB (61.9% EWL) and RARYGB (61% EWL) [10, 12].

Cost analysis of robotic surgery is limited in direct com-
parison of open and laparoscopic surgery. The purchasing 
cost for the da Vinci robot platform (Intuitive Surgical, 
Sunnyvale, CA) is now close to $2 million and excludes the 
additional 10% cost for annual maintenance [3, 4, 10, 18]. 
When the cost per case includes analysis of instruments des-
ignated for robotic surgery or supplemental instruments, the 
material costs were highest for the RARYGB (US $5427) 
and LRYGB (US $5494) compared to open RYGB (US 
$2251) [18]. Some suggest the minimal difference is the 
result of fewer staple loads and the lower cost of suture, since 
the improved dexterity of the wristed instruments allows for 
hand-sewn anastomosis [3, 4]. The cost increased when 
comparing the robotic stapling system (US $2212.2) to lapa-
roscopic staple loads (US $1787.4) [19]. Of note, the cumu-
lative cost including postoperative care and cost of 
complications claimed RARYGB (US $19,363) to be the 
most cost-effective compared to LRYGB (US $21,697) and 
open RYGB (US $23,000) [18].

 BPD/DS

The first RABPD/DS was performed by Sudan et al. [2] in 
2000 and reported similar advantages and challenges with 
implementation as RARYGB.

The RABPD/DS is especially demanding since the sur-
gery potentially progresses through all four abdominal 
quadrants. The right lower quadrant is accessed to mea-
sure the bowel from the terminal ileum. The sleeve gas-
trectomy and dissection of angle of His occur in the left 
upper quadrant (LUQ). The DI anastomosis is created in 
the right upper quadrant, and the ileoileostomy (II) occurs 
in the periumbilical region. The left lower quadrant may 
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also need to be accessed if there are lower abdominal 
adhesions. Another impediment involves the increased 
torque on instruments from the thick abdominal wall of 
patients with a higher BMI. The mean BMI for the 
RABPD/DS was 56 kg/m2 with a range of 40–85 kg/m2. 
While 34% (20 patients) had a BMI of 60 kg/m2, the pro-
cedure has been successful up to the highest weight of 505 
lbs. (229.5 kg) [8].

The learning curve for RABPD/DS was established at 50 
cases [9]. The median operative time was 514  min for 47 
patients, but this declined to 379 min for the last 10 RABPD/
DS. Conversion to open surgery occurred in only 2% of the 
patients during the learning curve and was related to difficult 
anatomy, iatrogenic injury, or bleeding. Initially, blood loss 
was an average of 179 ml per patient. Conversion decreased 
to 0% with surgeon experience and improved robotic tech-
nology [2, 8, 9].

Similar to RARYGB, the robotic technique did not sig-
nificantly adversely impact outcomes. The hybrid technique 
for the RABPD/DS reported a mean operative duration of 
366.6  min. Modifications to a totally robotic technique 
resulted in reduced operative time by 60 min, to an average 
of 306 min for the totally RABPD/DS [8]. Further analysis 
found female gender decreased complication risks but 
increased mean operative minute per BMI [9]. Few compli-
cations were reported after RABPD/DS. There were no peri-
operative deaths in the studies [2, 8, 9], and the average 
length of stay (LOS) for RABPD/DS was 4.6  days [8]. 
Conversion to open surgery was performed in 6.4% to 1.7% 
of cases [2, 8, 9]. Similarly, leaks occurred at the DI in 4 
patients (8%) and decreased to 0% with operative experience 
[2, 8]. No DVT or bleed that required transfusion occurred 
after RABPD/DS [8]. Weight loss after RABPD/DS was not 
reported [2, 8, 9].

 Preoperative Planning

The preoperative planning for robotic surgery is consis-
tent with other bariatric procedures. This includes evalua-
tion by a dietician, psychologist, and vitamin and nutrition 
panel, imaging studies or upper endoscopy, and appropri-
ate risk stratification by cardiology, pulmonology, or other 
specialists as determined by the surgeon. The robotic 
assistance may be particularly useful when performing 
surgery on patients with a BMI ≥ 65 [6]. Some advocate a 
liver shrinking diet for up to 2 weeks prior to surgery to 
improve operative space when performing the GJ or DI 
anastomosis [9]. There are no absolute or relative contra-
dictions for robotic surgery that are different than laparo-
scopic surgery.

 Setup

Successful organization of the robotic platform involves 
appropriate docking, placement of the robotic arms, patient 
position, trocar use, instruments, and beside assistance. Both 
the RARYGB and RABPD/DS require operating in two or 
more areas of the abdomen. To overcome this, surgeons may 
perform a hybrid procedure that maximizes the precision of 
the robot by performing a hand-sewn anastomosis and 
includes laparoscopy to operate in multiple abdominal quad-
rants. However, with experience many surgeons perform a 
totally robotic operation with a single dock of the robot.

In order to utilize the robot, the patient must be appropri-
ately positioned at the time of docking. With experience, 
arranging the robot becomes easier and may ultimately 
decrease operative time by 20 min or more [4]. Some studies 
suggest including two scrub nurses to reduce setup time, one 
nurse for the robot and one for the patient. This is ideal, but 
may not be realistic at some institutions. The robot can be 
docked at the head of the patient or 15–30° left of midline 
with the left arm tucked for RARYGB [7, 11, 13] or over the 
patient’s right shoulder with outstretched arms for RABPD/
DS [2].

Appropriate port placement is critical to improved tech-
nique. Ports should not be placed in folds of the abdominal 
wall because it limits instrument reach and places unneces-
sary torque on the instruments. The robot is docked at the 
head of the patient for the RARYGB, and a sample operating 
room configuration is demonstrated in Fig.  8.1. For the 
RABPD/DS, the robot is docked over the patient’s right 
shoulder; the robotic arm and operating room setup is shown 
in Fig. 8.2 [8]. The robotic arms should be well spaced from 
each other to prevent collision and allow for smooth move-
ment and full range of motion of the arms and instruments 
[3]. At least five to six ports, and a liver retractor, will be 
needed for both the RARYGB and RABPD/DS [6]. The cam-
era is often placed in the periumbilical region [6, 7]. For the 
RARYGB, the robot instrument arm 2 is in the right midcla-
vicular line (MCL). The accessory port for the assistant is 
between the MCL and the camera port. The port for the 
instrument arm 1 is placed in the left MCL, and the port for 
the instrument arm 3 is in the left subcostal area of the ante-
rior axillary line (Fig. 8.3) [7, 13]. There are proponents of 
using 12 mm ports, so the 8 mm robotic port can be inter-
changeably used (port-in-port technique) and thus more eas-
ily transitions between two working areas of the abdomen [7].

The surgeon should develop technical proficiency in the 
use of instrumentation, including energy and stapling devices 
on the robotic platform. The Cadiere forceps, needle driver, 
and hook cautery were introduced early on by Intuitive 
Surgical (Sunnyvale, CA) [2, 7, 10]. Although the introduc-
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tion of the robotic stapler, upgraded instruments, and a fourth 
arm has provided the console surgeon with more sophisti-
cated adjuncts, the bedside assistant is utilized to perform 
conventional laparoscopic stapling and pass suture through 
an accessory port. In the RABPD/DS, the bedside assistant is 
positioned on the patient’s left side for the majority of the 

case and uses a 12 mm port placed in the left anterior axillary 
line to staple the duodenum [6, 7]. However, the sleeve 
 gastrectomy portion of the case is performed from the 
patient’s right side using a 12–15 mm port in the right mid-
clavicular line. This port is also used robotically using the 
port-in-port technique.

SC
PC

3

1

AC

ML

VC

ST

2

Fig. 8.1 Operating room setup for RARYGB. The patient cart (PC) is 
docked at the head of the patient. The surgeon console (SC), sterile 
Table (ST), and surgical assistant are positioned on the right side of the 
patient. The anesthesia cart (AC) and vision cart (VC) are on the 

patient’s left side. Robot arm 1 and 3 are on the patient’s left side, while 
robot arm 2 is on the patient’s right side. (Illustration by Megan 
Llewellyn)
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SC

3
2

1

PC

AC

ML

VC

ST

Fig. 8.2 Operating room setup for RABPD/DS. The patient cart (PC) 
is docked over the patient’s right shoulder. The surgeon console (SC), 
sterile Table (ST), and vision cart (VC) are positioned on the right side 
of the patient. The anesthesia cart (AC) and surgical assistant are on the 

patient’s left side. The robot arm 1 is positioned on the patient’s left 
side, while robot arm 2 and robot arm 3 are on the patient’s right side. 
(Illustration by Megan Llewellyn)
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 Procedure

 RARYGB Steps

For the RARYGB, the patient is positioned supine and gen-
eral anesthesia is induced. Appropriate DVT prophylaxis, 
perioperative antibiotics, Foley catheter, and OGT may be 
placed. The robot is docked at the patient’s head or slightly 
to the left of the head [6, 7, 11].

The sequence of the case varies depending on sur-
geon  preference. Some surgeons will begin with the 
 jejunojejunostomy (JJ) anastomosis, either laparoscopically 
[1, 6, 10] or robotically [3, 7, 11, 16]. The omentum is lifted 
and tucked under the liver, and the transverse mesocolon is 
retracted superiorly to expose the ligament of Treitz. The 
proximal jejunum is transected 50 cm to create the biliopan-

creatic limb. The small bowel is run another 100–150 cm to 
create an alimentary limb. The JJ is performed with a unidi-
rectional or bidirectional technique, and the suture or stapler 
closes the enterotomy. The mesenteric defect is closed with 
permanent suture [6, 16].

Next, the patient is placed in moderate reverse 
Trendelenburg and the robot is docked. The ports are placed 
as described above (Fig. 8.3). The lesser sac is entered using 
a perigastric or gastrohepatic dissection, and a 15–30  ml 
pouch is created with staple loads to completely divide the 
stomach. The GJ is performed using a hand-sewn two-layer 
anastomosis with the robotic platform [6, 7, 11, 13, 16, 18]. 
A leak test is performed with methylene blue or carbon diox-
ide insufflation [7, 10].

Our preference is to perform a totally robotic technique 
using an Omega loop. The bowel is first measured 50  cm 
from the ligament of Treitz and anchored to the anterior 
stomach wall laparoscopically with two orienting sutures. 
The robot is then docked, and the 15–30 ml stomach pouch 
is created using a vagal-sparing approach. Next, the bowel 
anchored to the stomach is anastomosed to the stomach 
pouch using a two-layer hand-sewn technique with barbed 
absorbable 3–0 sutures. The bowel is oriented such that the 
biliary limb will be toward the patient’s left side and the ali-
mentary limb will be to the patient’s right side (Fig. 8.4a). 
Next, the Roux limb is measured to 150 cm, and a stapled JJ 
anastomosis is created while the biliary limb is still anchored 
in the LUQ by the GJ anastomosis. The biliary limb is 
divided using a 60  mm stapler to separate it from the GJ 
anastomosis, either prior to or after creating the JJ anastomo-
sis depending on the ease with which the bowel can be 
manipulated while performing the JJ anastomosis. The enter-
otomy for the JJ is closed with absorbable 3-0 barbed suture 
(Fig. 8.4b). The mesenteric defects are closed with nonab-
sorbable 3-0 barbed suture.

 RABPD/DS Steps

In the RABPD/DS, the pylorus is preserved, and a sleeve gas-
trectomy is performed to create a 150  ml stomach pouch, 
along with a 150 cm alimentary limb, and 100 cm common 
channel [8, 9]. Analogous to the RARYGB, the bedside assis-
tant is utilized to perform the stapling during a RABPD/DS.

The patient is similarly placed supine, general anesthesia 
is induced, DVT and antibiotic prophylaxis are given, and 
OGT or Foley catheters are placed. Optical entry is per-
formed with a 0° camera and 12 mm port in the supra-umbil-
ical region. Two additional 12 mm ports are placed, along 
with the Nathanson liver retractor as previously described [2, 
8].
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Fig. 8.3 Port placement for RARYGB. The camera port (C) is placed 
in the periumbilical region, while the liver retractor (LR) is placed in 
the epigastric region. The port for the first arm of the robot (1) is in the 
subcostal area of the left anterior axillary line, while the port for the 
third arm (3) is in the left midclavicular line (MCL). The port for the 
second arm of the robot (2) is placed in the MCL, and the assistant 
(assistant port) is between the right MCL and midline. (Illustration by 
Megan Llewellyn)
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For the totally RABPD/DS, the small bowel is measured 
from the ileocecal valve and marked at 100  cm and then 
anchored to the anterior abdominal wall at 250 cm, laparo-
scopically. The robot is then docked, and the patient is placed 
in moderate reverse Trendelenburg position. The robotic 
instrument arms 1 and 2 are placed in the left and right MCL, 
respectively, and the accessory arm (arm 3) is placed in the 
right anterior axillary line (Fig. 8.5). This allows the entire 
operation to be completed robotically using the Si model.

It is our preference to first perform a routine cholecystec-
tomy, though some surgeons prefer to preform cholecystec-
tomy selectively. Next, the stomach is mobilized to about 
4  cm distal to the pylorus, and the duodenum is divided 

where the gastroduodenal artery lies posterior to the first por-
tion of the duodenum. The rest of the stomach is then com-
pletely mobilized to the angle of His and the sleeve 
gastrectomy performed starting 5 cm proximal to the pylorus 
with the intention of creating a 150–200 cc pouch. The bed-
side assistant uses the right midclavicular port to provide sta-
pling, and the staple line is reinforced with either buttress 
material or is oversewn by the console surgeon [2, 8, 9].

Thereafter, the console surgeon performs a hand-sewn 
antecolic or retrocolic two-layer DI anastomosis [2]. Our 
preference is to now to perform an antecolic anastomosis. 
The ileum at the 250 cm mark is sutured to the transected 
duodenum in two layers in an end-to-side fashion, using 3-0, 
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Fig. 8.4 (a) Omega loop configuration for the RARYGB. The bowel is 
measured at 50  cm from the ligament of Treitz and anchored to the 
abdominal wall in the left upper quadrant. The robot is docked, and the 
gastric pouch (GP) is separated from the remnant stomach (RS). The 
Omega loop orients the biliopancreatic limb (BPL) toward the patient’s 
left side and the alimentary limb (AL) to the patient’s right side. A 
hand-sewn gastrojejunostomy is sewn in a two-layer fashion. 
(Illustration by Megan Llewellyn). (b) Final configuration of 

RARYGB.  The Roux limb is measured at 150  cm from the gastric 
pouch (GP). The stapled JJ anastomosis is performed over the remnant 
stomach (RS). This creates continuity with the biliopancreatic limb 
(BPL) and common channel (CC). The enterotomy is closed with a 
single-layer hand-sewn technique. Then the BPL is divided to separate 
it from the GJ anastomosis to create the final RYGB configuration. 
(Illustration by Megan Llewellyn)
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6 inch barbed suture. The bowel is positioned in Omega loop 
fashion to allow the totally robotic technique and prevent 
redocking [8] (Fig. 8.6a). Methylene blue is then placed in 
the stomach to perform a leak test while the II is being 
constructed.

Next, the II is performed between the biliary limb and the 
common channel at the 100 cm mark. The assistant through 
the left anterior axillary port uses a 60 mm stapler, and the 
enterotomy for the stapler is closed using a running 3-0 
absorbable barbed suture. Finally, the biliary limb is sepa-
rated from the DI anastomosis using a 60  mm stapler 
(Fig.  8.6b). The mesenteric defects between the common 
channel and the BPD limb, along with the alimentary limb 
and the transverse mesocolon, are closed with permanent 3-0 
barbed suture [2, 8].

 Postoperative Care

Postoperative care follows the same pathway as for laparo-
scopic bariatric surgery. Patients follow an enhanced recov-
ery pathway that includes intraoperative removal of the Foley 
catheter, a liquid diet, and limited narcotics. Imaging studies 
are performed if there is concern for a complication. During 
the learning curve, conversion to open surgery occurred in 
11% of RARYGB cases and conversion to laparoscopy in 
9%. Iatrogenic bowel injury or bleeding was often a cause 
for conversion [11, 16]. Experienced surgeons report a much 
lower conversion rate of 0% for RARYGB and 1.7% for 
RABPD/DS [8, 13, 17]. The mean LOS was 2–3 days [1, 3, 
6, 12, 16] with 6.1% readmissions [13].
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Fig. 8.5 Port placement for RABPD/DS [8]. The trocar 
for the camera (C) is in the periumbilical area, while the 
liver retractor (LR) is placed in the epigastric region. 
The robot is docked, and the first robotic arm (1) is 
placed in the left midclavicular line (MCL), and the 
assistant port is placed in the subcostal region of the left 
anterior axillary line. The trocar for arm 2 (2) is placed 
in the right MCL, and the trocar for arm 3 (3) is placed 
in the subcostal region of the right anterior axillary line. 
(Illustration by Megan Llewellyn)
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Robotic Total Gastrectomy 
with Lymphadenectomy

Yanghee Woo and Jared Rocky Funston

 Introduction

Robotic gastrectomy has become an integral tool for surgeons 
treating gastric cancer worldwide. Since 2002 and 2003 when 
surgeons from Japan [1] and the United States [2] independently 
reported the initial safety and feasibility of robotic gastrectomy, 
adoption of the robotic approach has outpaced that of laparos-
copy for gastric cancer operations. Studies have demonstrated 
the application of robotic technology in gastric cancer proce-
dures to be safe and feasible, to allow adherence to oncologic 
principles, and to show improved patient outcomes compared to 
open operations and comparable outcomes to laparoscopic sur-

gery [3–6]. Moreover, robotic approach has been suggested to 
decrease the steep learning curve for laparoscopic radical gas-
trectomies [7, 8] opening the potential to achieve optimum min-
imally invasive surgical outcomes with less number of 
operations. In the United States where gastric cancer incidence 
and case volumes are generally low and patients present with 
more advanced disease state, robotic approach for a technically 
demanding total gastrectomy procedure is an appealing mini-
mally invasive option for our gastric cancer patients.

To date, most studies in robotic gastrectomy combine 
both robotic total and distal gastrectomies (Table  9.1). In 
comparison to open procedures, laparoscopic and robotic 
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Table 9.1 Studies comparing robotic, laparoscopic, and/or open radical gastrectomies, which include total gastrectomy

Author Year
# of RTG 
included

Operating time 
(min)

Blood loss 
(mL)

Lymph nodes 
retrieved

Hospital LOS 
(days)

Morbidity/mortality 
rate (%)

Patriti et al. [9] 2008 4 287 103 28.1 11 8
Song et al. [10] 2009 33 231 128 36.7 8 13
D’Annibale et al. [11] 2011 11 268 30 28 6 8
Woo et al. [4] 2011 64 220 92 39 8 11
Caruso et al. [12] 2011 12 290 198 28 10 41
Isogaki et al. [13] 2011 14 520 150 43 13 5
Yoon et al. [14] 2012 36 305 NA 42.8 9 17
Huang et al. [15] 2012 7 430 50 32.0 7 15
Kang et al. [16] 2012 16 202 93 NA 10 14
Kim et al. [6] 2012 109 226 85 40.2 8 10
Liu et al. [17] 2013 54 273 81 23.1 6 12
Hyun et al. [18] 2013 9 234 131 32.8 11 13
Junfeng et al. [19] 2014 26 235 118 34.6 8 6
Shen et al. [20] 2015 23 257 177 33 9 10
Kim et al. [21] 2016 43 226 50 33 6 1

Notes: LOS length of stay, RTG robotic total gastrectomy

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-96866-7_9&domain=pdf
mailto:ywoo@coh.org


72

surgeries have been found to decrease hospital length of stay, 
improve cosmesis, and decrease postoperative pain over 
open operations without compromising oncologic outcomes. 
A single prospective trial comparing robotic and laparo-
scopic subtotal distal gastrectomy for clinically stage 1 dis-
ease that demonstrated postoperative complication severity 
and frequency was comparable to standard technique [21]. 
However, the greatest disadvantage to robotic surgery has 
been the consistently longer operative times when compared 
to laparoscopic and open operations.

Direct comparison of robotic total gastrectomy to laparo-
scopic surgery has largely been retrospective (Table 9.2). In 
these studies, robotic total gastrectomy has been found to 
have a complication rate of 10.4% and mortality rate of 0.4% 
in a large meta-analysis [25]. The learning curve of the 
robotic total gastrectomy has been reported to be lower than 
for the laparoscopic approach with stabilization of operative 
times at between 95 and 127 cases compared to 262 and 270 
cases [7]. A prospective study comparing robotic versus lap-
aroscopic total gastrectomy is currently ongoing in South 
Korea. Over a decade of robotic surgery application for gas-
tric cancer treatment informs us that robotic total gastrec-
tomy with lymphadenectomy for curative resections remains 
a complex minimally invasive procedure which offers sig-
nificant advantages to the patient and the surgeon when prop-
erly adopted.

 Patient Selection and Preoperative Planning

The decision for robotic total gastrectomy depends on sev-
eral factors including the patient’s clinical condition and dis-
ease state and the surgeon’s experience and expertise. Patient 
selection should consider the patient’s comorbidities with 
special consideration given to patient’s ability to tolerate 
pneumoperitoneum and prolonged operative time.

All patients being evaluated for total robotic gastrectomy 
should have pathologically confirmed diagnosis as well as 
proper staging of the disease:

• Upper endoscopy with biopsy to locate the tumor and 
confirm biological diagnosis

• Endoscopic ultrasound to evaluate tumor invasion and 
nodal status

• CT scan of the abdomen and pelvis to determine invasion 
depth, nodal status, and distant metastasis

• PET scan as indicated

Recognition of the tumor location within the stomach and 
clinically suspected nodal stations as well as aberrant vascu-
lar anatomy is of particular importance in the preoperative 
planning for robotic total gastrectomy. Localization of the 
lesion by endoscopy is critical with robotic surgery where 
intraoperative palpation or direct visualization of tumor is 
not possible. Careful planning will allow the surgeon to 
avoid unnecessary manipulation of the area of the tumor dur-
ing surgery. In addition, CT evaluation of aberrant anatomy 
will aid the robotic surgeon in surgical decision-making dur-
ing the nodal dissection along the vessels and to maintain 
vascular control.

The recommended indications for robotic total gastrec-
tomy for gastric adenocarcinoma are equivalent to that of 
laparoscopic total gastrectomy and include:

• Early gastric cancer as defined by cT1abNxM0 by the 8th 
AJCC TNM classification

• Locally advanced disease as defined by cT2NxM0 disease
 – Mucosal and submucosal tumors not eligible for endo-

scopic resection
 – Failed endoscopic mucosal resection or endoscopic 

submucosal dissection

Minimally invasive surgery for more advanced disease 
states involving the serosa or having significant gross nodal 
disease remains controversial, and the decision for robotic 
surgery for these patients should be carefully considered. 
The robotic approach can also be considered for patients 
with CDH-1 mutations at risk for hereditary diffuse gastric 
cancer, gastrointestinal stromal tumors, and carcinoids who 
require total gastrectomies.

Another consideration in the perioperative planning for 
patients undergoing robotic total gastrectomy is the imple-
mentation of enhanced recovery after surgery (ERAS) proto-
cols for gastric cancer. Several studies along with the 
recommended consensus guidelines by the European ERAS 
Society include the use of minimally invasive surgery and sev-
eral key components of patient management that demonstrate 
improved short-term perioperative patient outcomes [26–29].

Table 9.2 Case series of robotic total gastrectomies

Author Year RTG
Operating time 
(min) Blood loss (mL)

Lymph nodes 
retrieved

Hospital LOS 
(days) Morbidity/mortality rate (%)

Son et al. [22] 2014 51 264.1 163.4 47.2 8.6 15.7/NA
Parisi et al. [23] 2015 22 270 200 19.2 5.5 0/0
Jiang et al. [24] 2015 65 245 75 NA 5.4 1.5/0

Notes: LOS length of stay, RTG robotic total gastrectomy, NA not available. Operating time, blood loss, and hospital length of stay are all 
averages
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 Setup

The setup of the operation begins with positioning of the 
patient in the supine position with both arms tucked at the 
patient’s side. Standard practice of inserting an orogastric or 
nasogastric tube for gastric decompression is used but not 
routinely left in place after surgery. In addition, bilateral 
lower extremity sequential compression devices (SCDs) and 
urinary catheter are placed. The abdomen is prepped from 
the nipple line to the suprapubic region and draped in a stan-
dard sterile fashion. During the draping, the position of the 
endotracheal tube under the drapes is carefully noted to 
avoid clash with the robotic arms when docking.

Four robotic ports and one assistant port are used in the 
procedure of robotic total gastrectomy. A periumbilical cam-
era port is either placed infraumbilically or supraumbilically 
depending on the distance from the xiphoid (~16  cm to 
18 cm), and the patient’s body habitus is placed either by cut 
down or direct entry at the preference of the surgeon. After 
the placement of the initial periumbilical port, the robotic 
camera is inserted, and the patient is placed in 15–30° reverse 
Trendelenburg position. The remaining ports are placed 
under direct vision as shown in Fig. 9.1. The placement of 
the 15 mm assist port should be in the left midaxillary line 
just inferior to the camera port.

Tips: The assist port should be slightly caudal to camera port 
to improve assistant access to the port. Also, the intra- abdominal 
distance from the assist port site to the esophageal hiatus should 
be considered as it pertains to the reach of laparoscopic instru-
ments used by the bedside assist especially the staplers.

Once the trocars are in place, the robot is docked followed 
by instrument placement in the appropriate arms. Several 
options for instrument selection exist but ultimately are the 
surgeon’s choice. The preferred instruments in each arm are 

listed in Table 9.3. The setup differs slightly depending on 
whether a da Vinci Si or Xi system is utilized. A docked da 
Vinci Xi surgical system with selected instruments in each of 
the robotic arms is shown in Fig. 9.2.

Prior to beginning your dissection, create an adequate 
upper abdominal exposure using a self-sustaining liver 
retractor as per surgeon choice. Proper liver retraction must 
provide constant and adequate exposure of the lesser curva-
ture of the stomach and easy access to esophageal hiatus.

 Steps of the Procedure

The robotic total gastrectomy with D2 lymphadenectomy 
can be performed en bloc, and in summary, key steps 
include:

Fig. 9.1 Port placement for robotic total gastrectomy using da Vinci Xi 
Surgical System

Table 9.3 Instrument selection

Arm (Si/Xi)
Primary 
instrument Alternate Purpose

1/1 Cadiere forceps Tip-up Grasper for retraction
Suturing

2/2 Harmonic 
ultrasound

Vessel 
sealer
Hem-o-
Lok clips

Vascular control and 
division of tissue

Needle holder Large-
suture cut 
needle 
holder

Suturing

3/camera Camera (30° 
down)

Camera 
(30° 
down)

Visualization

4/3 Maryland 
bipolar

Maryland 
bipolar

Dissection and 
vascular control

Needle holder Large-
suture cut 
needle 
holder

Large-suture cut 
needle holder

Fig. 9.2 Docking of the robotic system from the patient’s left side. 
Arm #3 is docked on the periumbilical port for camera placement. 
Then, Cadiere forceps, ultrasonic shears (vessel sealer or monopolar 
shears), and Maryland Bipolar instruments are placed in Arms #1, #2, 
and #4, respectively
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 1. Left-side dissection: division of the gastrocolic ligament, 
the left gastroepiploic vessels, and the short gastric ves-
sels (LN stations 4sb, 4d, and 2)

 2. Right-side dissection: division of the distal gastrocolic, 
the duodenocolic ligaments, and the right gastroepiploic 
vessels, clearance of the soft tissue along the head of pan-
creas (LN station 6), and transection of the duodenum

 3. Hepatoduodenal and suprapancreatic dissection: clear-
ance of LN stations 8a, 5, 12a, and 9

 4. Left gastric and splenic vessel approach: clearance of LN 
stations 7, 11p, and 11d

 5. Lesser curve and left-sided proximal dissection: clear-
ance of LN stations 1 and 3

 6. Roux-en-Y esophagojejunal reconstruction

Each of these steps is discussed below in detail.

 Step 1: Left-Side Dissection

A robotic total gastrectomy begins with a partial omentec-
tomy. Grasp the soft tissue along the edge of the greater cur-
vature of the stomach near the distal body, and retract 
cephalad to create a draping of the lesser omentum between 
the stomach and transverse colon (Fig. 9.3a). This allows for 
efficient division of the gastrocolic ligament and entrance 
into the lesser sac. It also provides visualization of the poste-
rior stomach and retention of LN station #4sb and #4d nodes 
along the specimen side of the dissection (Fig. 9.3b).

Start the division near the mid-transverse colon 4 cm from 
the greater curvature to enter the lesser sac, and divide the 
omentum toward the spleen; ensure that you are sufficiently 

away from the gastroepiploic arcade to collect the nodal 
stations.

Next, identify, clip, and divide the left gastroepiploic ves-
sels at their roots and continue superiorly along the greater 
curvature until the short gastric vessels are encountered 
(Fig. 9.3c). Identify and ligate the short gastric vessels close 
to the splenic hilum, taking care not to injure the spleen or 
the hilar vasculature. Continue to grasp more proximally 
along the stomach using the grasper in arm #1, and retract 
medially to create tension between the stomach and spleen, 
to exposure the gastrophrenic ligament, and to divide the 
short gastric vessels.

Tips: At this point, make sure that the posterior stomach 
is free of attachments and ensure ready medial mobility of 
the stomach. Once the greater curvature of the stomach is 
detached, the fundus of the stomach becomes floppy and 
can interfere with the exposure during the proximal dissec-
tion. Positioning the shaft and elbow of the grasper skill-
fully underneath the stomach during the retraction can be 
of great assistance in the proper exposure of this area. 
Ensure that all attachments of the fundus and the cardia on 
the left side and posteriorly are divided to free the proximal 
portion of the stomach to expose the left side of the dia-
phragmatic crux.

 Step 2: Right-Side Dissection

During the second step of the surgery, mobilize the distal 
stomach, identify the right gastroepiploic vessels, and clear 
the soft tissues from the head of the pancreas with removal of 
the LN station #6 nodes. Release any remaining posterior 

4sb

Short gastric
vessels

LGEA &
LGEV

a b

Fig. 9.3 Step 1, left-side dissection. (a) Left-side dissection with divi-
sion of the gastrocolic ligament. Retraction of the greater curvature of 
the stomach creates a draping of the gastrocolic ligament and provides 
exposure between the stomach and the transverse colon. (b) 
Identification of the short gastric vessels. After ligation of the left gas-

troepiploic vessels, the dissection continues with identification and 
ligation of the short gastric vessels and retrieval of the soft tissue con-
taining 4sb lymph nodes (LN) along the proximal greater curvature 
until all gastrophrenic attachments are divided

Y. Woo and J. R. Funston



75

attachments of the distal stomach from the anterior pancreas. 
Divide the duodenocolic ligament until the inferior first por-
tion of the duodenum is identified. Free any attachments of 
the duodenum to the gallbladder.

Dissect the soft tissue off the head of the pancreas, and 
identify the right gastroepiploic vein (RGEV) and anterior 
superior pancreaticoduodenal vein (ASPDV) (Fig.  9.4a, 
b). The RGEV is then ligated at the junction with the 
ASPDV. The LN station #6 nodes are within the confines 
of the middle colic vein, the anterior superior pancreatico-
duodenal vein, and the right gastroepiploic vein. Then 
identify, ligate, and divide the right gastroepiploic artery 
at the level of its origin at the gastroduodenal artery 
(GDA).

Follow the dissection anterior to the GDA, and release the 
posterior attachments of the first portion of the duodenum 

before freeing the supraduodenal area (Fig. 9.4c) for duode-
nal transection. Either a robotic liner stapler or laparoscopic 
linear stapler can be used to transect the duodenum 2 cm dis-
tal to the pylorus.

 Step 3: Hepatoduodenal and Suprapancreatic 
Dissection

After the duodenal transection, retract the stomach caudally 
and to the left side of the abdomen using the left-side robotic 
arm to expose the pars flaccida. Divide the pars flaccida 
proximally from the left side of the right gastric artery to the 
right side of the diaphragmatic crux. This is followed by 
meticulously continuing the dissection along the anterior 
aspect of the GDA to clear the soft tissue along the common 

HOP RGEV
SMV

ASPDV

HOP

RGEV

a

c

b

Fig. 9.4 Step 2, right-side dissection. (a) Dissection along the infrapy-
loric artery on the head of pancreas to identify the right gastroepiploic 
vein (RGEV) and right gastroepiploic artery (RGEA) and clear the soft 
tissue containing LN station 6. (b) The borders of LN station 6 are the 
anterior superior pancreaticoduodenal vein (ASPDV), the middle colic 

vein, and the RGEV. (c) Supraduodenal dissection. After exposure of 
the intraduodenal border for at least 3 cm distal to the pylorus, the win-
dow for duodenal transection is completed by dividing the supraduode-
nal attachments just distal to the insertion site of the right gastric 
vessels

9 Robotic Total Gastrectomy with Lymphadenectomy



76

hepatic artery and proper hepatic artery with identification 
and ligation of the right gastric artery at its root (Fig. 9.5a). 
This allows collection of LN station #5. In order to complete 
the removal of the station #12a LN, grasp, pull up on the soft 
tissue anterior and medial to the proper hepatic artery and 
medial to the portal vein, and dissect along the portal vein to 
retrieve the LN in this region (Fig. 9.5b). Then continue the 
en bloc dissection of these nodes along the common hepatic 
artery for retrieval of LN station #8a (Fig. 9.5c). Next, iden-
tify and ligate the left gastric vein at its insertion into the 
portal vein. Tips: Remember that left gastric vein at times 
drains into the splenic vein and must be ligated and divided 
anterior to the splenic artery. Continue to trace and dissect 
the soft tissue on the common hepatic artery toward its origin 
at the celiac axis. Dissect free the soft tissue around the 
celiac axis to collect LN station #9. Tips: The assistant may 
need to retract the pancreas inferiorly to improve visualiza-
tion of suprapancreatic dissection plane.

 Step 4: Left Gastric and Splenic Vessel 
Approach

The dissection along the left gastric artery, celiac artery, 
and splenic vessels is critical in collecting LN stations #7, 
#9, and #11p, respectively. To begin dissection in the area, 
firmly grasps the lesser curvature of the stomach proximal 
to the incisura to straighten out the left gastric vessels for 
vertical exposure. Identify the origin of the left gastric 
artery, and clear the soft tissue along its base and the 
celiac artery.

Once the base of the left gastric artery is identified, ligate 
with Hem-o-Lok clips and divide it leaving two or three clips 
on the patient side (Fig. 9.6a). Then, move the stomach to the 
left upper quadrant in order to fully visualize the anterior 
aspect of the pancreas. Skeletonize the anterior surface of the 
splenic artery in order to collect the entirety of LN stations 
#11p and #11d (Fig. 9.6b).

Hilar lymphadenectomy for retrieval of #10 LN sta-
tion is reserved for grossly positive disease and should 
only be performed by advanced robotic gastric cancer 
surgeons. If splenic hilar lymphadenectomy is required, a 

RGA

GDA

12a

a

b

c

Fig. 9.5 Step 3, hepatoduodenal and suprapancreatic dissection. (a) 
Ligation of the right gastric artery (RGA) and retrieval of LN station 5. 
Retraction of the stomach using the right gastric vessels allows for 
exposure to its attachment to the proper hepatic artery. The root of the 
RGA is identified by clearing the soft tissue anterior to the GDA and the 
proper hepatic artery and ligated to release the distal stomach and 
retrieve LN station 5. (b) Dissection of the porta hepatis for removal of 
LN station 12a. The soft tissue along the anteromedial side of the proper 
hepatic artery (PHA) anterior to the portal vein is carefully removed. (c) 
Anatomic exposure after clearance of the soft tissue in the hepatoduo-
denal and proximal suprapancreatic region. The soft tissue containing 
LN stations 5, 12a, and 8 has been retrieved exposing the vasculature 
underneath
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splenectomy incorporating this nodal station is 
recommended.

 Step 5: Lesser Curve and Proximal Dissection

Return to the dissection of the retroperitoneal attachments of 
the proximal stomach, and continue it to the level of the 
esophageal crus. Contrary to previous reports, the posterior 
gastric artery branching from the mid- to distal splenic artery 
and inserting into the stomach is commonly encountered and 
must be ligated to free the stomach. The soft tissues along the 
intra-abdominal esophagus and the cardia are dissected until 
the esophagogastric junction is clearly identified (Fig. 9.7a). 
As dissection continues to free the distal esophagus from the 
crux, the anterior and posterior vagal trunks should be read-
ily identifiable and transected. Perform a transhiatal dissec-
tion of the distal esophagus by dividing its surrounding 
attachments to mobilize about 5  cm of the intrathoracic 
esophagus into the abdominal cavity (Fig. 9.7b).

Next, place two 2-0 Vicryl on the right and left sides of 
the esophagus to mark the proximal resection and provide 
retraction of the distal esophagus during the reconstruction. 
The assist trocar is used to insert the linear stapler for the 
esophageal transection (Fig. 9.7c). Place the specimen into 
an Endo Catch bag and put it aside.

Tips: Options to check the frozen sections on the proximal 
margin prior to reconstruction include removing the robotic 
instruments and extending the assist port for specimen 
extraction or taking additional donut of the esophagus for 
pathologic evaluation without removing or undocking the 
robot.

 Step 6: Reconstruction

Several methods for intracorporeal Roux-en-Y esophagoje-
junal reconstruction and restoration of continuity have been 
well-described, including the use of circular and linear sta-
plers. To start creating the Roux-en-Y, identify a segment of 
the jejunum roughly 40 cm distal to the ligament of Treitz. 
Bring it up to the level of the esophageal hiatus in an antecolic 
fashion. Check the reach of the mesentery of the selected 
segment for tension-free anastomosis.

 Circular Stapler Reconstruction
If you plan to use the circular stapling method (EEA 25 mm), 
instead of using a linear stapler to transect the esophagus, 
pull the distal esophagus into the abdominal cavity prior to 
transection, and place a heavy bulldog just proximal to the 
resection margin, and divide the esophagus using ultrasonic 
sheers. Using heavy suture such as 0-prolene or 0-PDS, place 
a running purse string at the open end of the cut esophagus. 
To insert the anvil into the abdominal cavity, remove the 
assist port trocar, slightly extend the incision, and insert the 
anvil and replace the trocar. Tips: This may cause leaking of 
CO2 and loss of intra-abdominal pressure and may require 
temporary skin closure of the extraincisional opening.

Using two of the robotic instruments in the right lateral 
and left arms and the assistant, retract open the distal esopha-
gus and remove the bulldog. Using the Cadiere forceps in the 
right medial robotic arm, insert the anvil into the distal 
esophagus, and tie the purse string to keep the anvil in place 
(Fig. 9.8a). Open the staple line of the alimentary limb of the 
jejunum, and confirm the correct orientation of the limb and 
mesentery. Using the assist port site, insert the shaft of the 

7
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Celiac axis

11p
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Pancreas

a b

Fig. 9.6 Step 4, left gastric and splenic vessel approach. (a) Ligation 
of the left gastric artery and retrieval of the LN station 7. A vertical view 
of the left gastric artery perpendicular to the celiac artery is created by 
retraction of the lesser curvature of the stomach upward to facilitate 

dissection around the LGA and ligation at its root. (b) Distal suprapan-
creatic dissection along the splenic artery. The soft tissue along the 
proximal and distal splenic artery is dissected to retrieve soft tissues 
containing LN stations 11p and 11d
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EEA, and intubate shaft into the open end of the jejunal limb 
until about 6 cm of the shaft is firmly inserted (Fig. 9.8b).

Open the spike on the shaft of the EEA, and carefully 
bring the tip of the shaft along with the small bowel toward 
the anvil mate. As you approximate the two ends, pay close 
attention that the small bowel will not twist and no other tis-
sue gets in between the mating of the anvil and the shaft. 
Once the stapler has been fired, remove the instrument and 
check that both the esophageal and jejunal donuts are intact. 
Examine the esophagojejunal (EJ) staple line. Tips: If there 
is an incomplete donut or concern for anastomotic disrup-
tion, place simple interrupted sutures using 2-0 Vicryl or 
other dissoluble sutures.

 Linear Stapler Reconstruction
For the option of using the linear stapler for reconstruction of 
the EJ anastomosis, transect the distal esophagus using a lin-
ear stapler. Bring the alimentary limb antecolic to the distal 
esophagus, and using a 2-0 Vicryl, stitch the jejunal limb 
secured to the esophagus. The corners of the esophageal and 
jejunal limb staple lines are then removed, and a side-to-side 
esophagojejunostomy is created using a linear stapler 
(Fig. 9.9). The common enterotomy is closed with another 

linear stapler. As with open and laparoscopic procedures, 
care must be taken to ensure the correct orientation of the 
bowel loops and the lack of tension on the small bowel 
mesentery.

Finally, create a side-to-side jejunojejunostomy (JJ). 
Measure another 40–60  cm from the EJ anastomosis, and 
bring it next to a correctly oriented biliary limb. Using two 
simple stitches about 4 cm apart, keep the two limbs together 
and stretched out while creating an enterotomy on each of 
the small bowel segments. Insert the linear stapler through 
the assist port and position the small bowel away from the 
abdominal wall to gain space for manipulation of the stapler, 
insert a jaw of the linear stapler into each of the jejunal limb, 
and complete the anastomosis (Fig.  9.10). The common 
enterotomy can be closed with another linear stapler or by 
robotically suturing it closed with continuous running 
stitches.

At the end of the operation, reexamine the duodenal 
stump, the esophagojejunal anastomosis, and the clips on the 
patient side of named vessels that were ligated. Check for 
hemostasis. Remove all instruments and undock the robot. 
Move to the bedside, and using laparoscopic instruments 
(robotic camera), place a drain (Jackson-Pratt) posterior to 

a b

c

Fig. 9.7 Step 5, lesser curvature and proximal dissection. (a) The iden-
tification of esophagogastric junction (EGJ). The dissection along the 
anterior surface of the left esophageal crux proximally leads to the hia-
tus where EGJ is identified and dissected free from its surrounding 
structures. (b) Transhiatal mobilization of the distal esophagus. Firm 

traction of the stomach is seen, and a vessel sealer is being used to dis-
sect free the attachments to the distal esophagus through the esophageal 
hiatus for sufficient mobilization into the abdominal cavity. (c) 
Transection of the esophagus. A linear stapler is used to transect the 
esophagus
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the EJ anastomosis and exteriorize it through the left lateral 
port site and suture in place.

Remove the specimen in the Endo Catch bag via the 
extended assistant’s trocar site. May need to extend the inci-
sion to at least 3–4 cm (alternatively, extend the periumbili-
cal incision for specimen extraction). This completes robotic 
total gastrectomy with lymphadenectomy and Roux-en-Y 
esophagojejunal anastomosis.

 Postoperative Care and Potential 
Complications

Management of patients following robotic total gastrectomy 
does not deviate from that of patients who have undergone 
open and laparoscopic gastrectomies. Following robotic gas-
trectomy, the patient is at risk of several potential complica-
tions, including:

• Intra-abdominal fluid collections/abscesses
• Intraluminal and intra-abdominal bleeding
• Pancreatitis/pancreatic leak/pancreatic fistula
• Anastomotic leak/stricture
• Gastroparesis or ileus
• Obstruction

An ERAS protocol for gastrectomy patients for early 
recovery includes the standard careful monitoring for poten-
tial postoperative complications, pain, return of gastrointes-
tinal function with timely initiation of DVT prophylaxis, 
pain control regiment that includes patient-controlled 
 analgesics (morphine or Dilaudid), nonsteroidal anti- 
inflammatories (e.g., acetaminophen), and advancement of 
diet. Typically, patients are ambulating on postoperative day 
(POD) 1 and will tolerate sips of water on POD 2 with diet 

a b

Fig. 9.8 Step 6, reconstruction. (a) Placement of the anvil into the dis-
tal esophagus. After a purse string is placed on the cut opening of the 
distal esophagus, the anvil is inserted and secured in place. (b) The 

small bowel intubation of the shaft of the circular stapler. After exten-
sion of the assistant’s port site and insertion of the shaft of the stapler 
into abdominal cavity, the jejunum has been intubated

Esophagus
Jejunal limb

Fig. 9.9 Linear esophagojejunal anastomosis. After the corners of the 
staple line for both the distal esophagus and Roux limb are made, the 
jaws of the linear staple have been securely inserted and esophagojeju-
nal anastomosis is created

Jejunojejunostomy

Fig. 9.10 Jejunojejunal anastomosis. Approximately 40 cm distal to 
the esophagojejunostomy, a side-to-side jejunojejunostomy is created 
using a linear stapler
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advanced through clear liquids to soft/regular foods by POD 
5 to 7. Corresponding oral pain control can be achieved as 
soon as soft/regular food is tolerated. Median hospital length 
of stay following gastrectomy is 7 days. Without evidence of 
EJ anastomotic leaks or intra-abdominal collections, the JP 
drain can be removed prior to discharge.

In conclusion, robotic total gastrectomy is technically 
feasible and safe and provides minimally invasive benefits to 
patients undergoing surgery for gastric cancer. Understanding 
the key steps to performing this complex robotic procedure 
will allow for ready adoption of the robotic technology in a 
surgeon’s practice in treating patients with gastric cancer. 
After performing a robotic total gastrectomy, the potential 
surgical advantages of the sophisticated robotic surgical plat-
form and instrumentation may become more clearly evident, 
and experience will provide the foundation for individual-
ized procedure improvements. As no long-term oncologic 
outcome of robotic total gastrectomy confirming the equiva-
lence of minimally invasive total gastrectomy to open opera-
tions for advanced gastric cancer exists, caution must be 
taken in patient selection with consideration of the patient’s 
disease state and the surgeon’s experience and expertise in 
both gastric cancer and robotic surgery.
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Robotic Cholecystectomy

Thomas Swope

Cholecystectomy is one of the most common general surgery 
procedures performed each year. Laparoscopic cholecystec-
tomy remains the standard of care for symptomatic gallblad-
der disease and has replaced open cholecystectomy for the 
vast majority of cases. Robotic surgical technology contin-
ues to advance, and robotics has become an attractive alter-
native to laparoscopic surgery for many surgeons. Robotic 
cholecystectomy, either multiport or single site, is an opera-
tion that is gaining traction. Robotic cholecystectomy keeps 
the advantage of a minimally invasive procedure but adds 
wristed instruments, a 3D immersive experience, fluores-
cence imaging, and greater surgeon comfort. Robotic sur-
gery may potentially decrease the 5–10% open conversion 
rate that has been reported in the literature [1]. Situations that 
make surgery more difficult and can lead to open conversion 
include acute inflammation (infection or gangrene), scarring 
from previous surgery or infection, significant bleeding, 
advanced age, male gender, or injury to bile ducts or bowel. 
Lee et al. found a lower complication rate (3.8% vs 20.4%) 
and open conversion rate (0.0% vs 1.9%) in a study compar-
ing robotic to laparoscopic cholecystectomy [2]. Other stud-
ies have not demonstrated a difference in clinical outcomes 
between robotic and laparoscopic cholecystectomy [3, 4]. A 
retrospective analysis comparing laparoscopic to robotic 
cholecystectomy found a lower conversion rate to open cho-
lecystectomy with robotic cholecystectomy but with a 
slightly longer operative times and cost [5]. I am personally 
happy to accept a longer operative time on a difficult gall-
bladder and not have to convert to an open procedure. The 
patient benefit to me is worth the added time and effort in the 
operating room. The complications from an open subcostal 
incision include more pain, increased wound morbidity, lon-
ger recovery, and a higher hernia rate vs the smaller trocar 

incisions. The robot enables the ability to suture ligature, 
clip, or tie off the cystic duct. The suction irrigator is a 
wristed instrument that allows both suction and dissection 
which is very helpful in situations when there is an inflamed 
gallbladder with adhesions. When these enhanced abilities 
are combined with fluorescence imaging, the need for open 
conversion has decreased in my experience.

 Multiport Cholecystectomy

Cholecystectomy was the introductory procedure for me into 
robotic surgery. Multiport cholecystectomy provides 3D 
immersion, wristed instrumentation, and fluorescence imag-
ing. Once I worked past the loss of haptics on my initial 
cases and gained visual haptics, my technique greatly 
improved. Early in my experience, there was a tendency to 
pull too hard on the gallbladder with my robotic retracting 
instrument (i.e., my left hand) which led to gallbladder tear-
ing and bile leakage in my first couple of cases. At first I was 
using the ProGrasp to retract the gallbladder because it had 
the greatest grip strength. As I quickly learned, unless you 
are very careful in the beginning stage with the ProGrasp, 
you will tear gallbladders. I quickly switched to the Caudier 
instrument to retract the gallbladder with my left hand, and 
the issues resolved immediately. There are three different 
grasping strengths among the graspers, with the ProGrasp 
having the strongest grip strength, the Caudier the weakest, 
and the bipolar grasper in between. My point is that there is 
a learning curve with every operation. Be patient and slow 
down in the beginning to be safe. My mantra with robotics is 
“get good, get fast, and then get cheap.” In the early part of 
your learning curve you will be slower, have little patience 
for instrument exchanges, and have to learn to depend on 
your first assist more than you did laparoscopically. With 
experience not only you will become faster, but so will your 
team. They are learning a new system and your preferences. 
Only with repetition will consistency and speed be achieved.

T. Swope
Center for Minimally Invasive Surgery, Mercy Medical Center, 
Baltimore, MD, USA
e-mail: tswope@mdmercy.com
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 Multiport Setup

My preference is to use two robotic operative arms and the 
camera for a cholecystectomy. Some surgeons prefer the 
fourth arm for retraction using another robotic instrument to 
hold the gallbladder anteriorly and superiorly. I substitute a 
disposable 5 mm port laterally on the right abdominal wall 
and use a laparoscopic grasper to retract the gallbladder to 
save on cost. The patient is positioned in 10–15° of reverse 
Trendelenburg. Arms are usually tucked at the sides, but the 
left arm can be left out for anesthesia access if desired.

 Si System

On the Si system, I dock the camera arm to a 12 mm dispos-
able port at the umbilicus. That is where I remove the speci-
men later. I place an 8.5 mm port in the left upper abdominal 
wall and another in the right mid-abdomen (Fig.  10.1). 
Alternatively a fifth port can be placed to assist with retrac-
tion as seen in Fig. 10.2.

I place the left upper quadrant port lateral to the falci-
form ligament. This is different than the laparoscopic 
upper midline epigastric port placement. Other than that, 
my port placement is the same as a laparoscopic case on 

the Si. The disposable 5 mm port is placed far laterally in 
the right upper quadrant through which the gallbladder is 
retracted.

 Xi System

The port placement on the Xi is different than the SI. On the 
Xi, the ports are all aligned in a row parallel to your working 
area, in this case the right upper quadrant. I use three 8.5 mm 
ports (Fig. 10.3). I prefer to go in optically using a 5 mm 
laparoscope inside an 8.5 mm trocar with an optical obtura-
tor in place. Alternatively you could place a disposable 
12 mm trocar at the umbilicus and then piggyback an 8.5 mm 
port through that as the camera port. The camera arm will 
only dock to an 8.5 mm port and not a 12 mm disposable port 
as it does on the Si system. Your method of establishing 
pneumoperitoneum laparoscopically should not change with 
the robot. Whether you prefer an optical entry, a Veress nee-
dle, or an open Hasson technique, your approach should 
remain the same and be something with which you are com-
fortable. Lastly, I place a disposable 5 mm port in the right 
lateral abdominal wall similar to my Si setup for retraction, 
but another robotic port and use of a third robotic arm for 
retraction are alternatives.

Instrumentation varies based on surgeon preference as it 
does laparoscopically. I prefer to use a Caudier and a hook to 
do the dissection. Others use a scissor or a Maryland  dissector 
instead of a hook. Still others will use a bipolar instrument to 

Fig. 10.1 Si port placement. (©2018 Intuitive Surgical, Inc. Used with 
permission)

Fig. 10.2 Alternative Si port placement. (©2018 Intuitive Surgical, 
Inc. Used with permission)
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retract and for additional hemostasis. The bottom line start-
ing out is to use similar instruments that you are already 
comfortable using to perform the case laparoscopically and 
modify from there if needed as your experience increases.

 Single Site

I performed a lot of single-site laparoscopic surgery (SILS), 
and this approach is actually what initially drew me into 
robotics. I was exploring all technology related to single-
incision minimally invasive surgery. I felt that the single-site 
robotic platform would solve some of the difficulties I expe-
rienced with SILS, namely, the sword fighting and lack of 
triangulation. By providing curved cannulas, the robotic 
platform gave back the triangulation that was missing with 
SILS. The triangulation isn’t quite as good as multiport lapa-
roscopy in my opinion, but it is adequate to operate safely 
and much better than traditional SILS.  However, no wrist 
motion is provided on the single-site instruments. A prospec-
tive, multicenter, randomized controlled trial comparing 
robotic single-site cholecystectomy (RSSC) to multiport 
laparoscopic cholecystectomy (MPLC) found no difference 
in quality of life or complication rates between the tech-
niques [6]. Operative times were longer for RSSC (61 min) 
vs MPLC (44 min). However, RSSC demonstrated signifi-

cant superiority in cosmetic satisfaction and body image per-
ception with no difference in quality of life.

The single-site port is soft with an hourglass shape. It has 
an air insufflation channel, a camera port channel, two opera-
tive port channels, and an assist port channel (Fig.  10.4). 
Insertion is generally performed at the umbilicus. An inci-
sion can be made splitting the umbilicus vertically or hori-
zontally (Fig. 10.5). Alternatively a curvilinear incision can 
be made beneath the umbilical fold preserving the umbilical 
stalk (Fig. 10.6). The advantage of the curvilinear incision is 
the preservation of the umbilical stalk. When the umbilical 
stalk is split, there is a higher incidence of wound complica-
tions in my experience. When drainage occurs, it will 
 typically begin at about 2–3 weeks after surgery. Usually it is 
serosanguinous and resolves with time, but occasionally 

Fig. 10.3 Xi port placement. (©2018 Intuitive Surgical, Inc. Used with 
permission)

Fig. 10.4 Single-site port. (©2018 Intuitive Surgical, Inc. Used with 
permission)

Fig. 10.5 Splitting the umbilical stalk. (©2018 Intuitive Surgical, Inc. 
Used with permission)
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wound infections arise requiring drainage and antibiotics. 
To avoid that problem, I began preserving the umbilical stalk 
and switched to the curvilinear incision beneath the umbili-
cal fold. There may a slight cosmetic advantage to splitting 
the umbilicus, but the trade-off is more frequent drainage 
and the resultant post-op visits and phone calls. This is not an 
issue in thinner patients where I continue to split the umbili-

cus. The issue is more prevalent in the obese patient popula-
tion as you would expect.

The skin incision needs to be approximately 3  cm in 
length. Dissection is carried down to the fascia. A 2–2.5 cm 
opening is made in the fascia and the peritoneum is opened. 
My rule of thumb is that if the middle knuckle of my index 
finger fits through easily, the fascial defect will usually 
accommodate the port nicely. A finger is introduced, and the 
peritoneum of the abdominal wall is swept to make sure 
there are no adhesions in the area which would interfere and 
potentially complicate port insertion. Once assured there are 
no adhesions in the area, the insertion process continues. 
Next an Army Navy retractor is placed into the abdominal 
cavity. To insert the port I, place a large Kelly clamp about ¾ 
of the way across the port paralleling the internal skirt leav-
ing about 2 cm of the port distal to the tip of my clamp. Using 
abdominal lift with the Army Navy retractor in my non-dom-
inant hand, the port is then placed by applying pressure 
downward and toward the head to avoid the bowel with my 
dominant hand (Fig. 10.7). Once it is seated nicely, insuffla-
tion tubing is connected and pneumoperitoneum is estab-
lished. The orientation arrow on the port is aimed at the area 
of the gallbladder. The camera trocar is then gently inserted 
lining up the marking on the port with the level of the fascia. 
The peritoneal cavity is then inspected using the robotic 
camera in a handheld fashion. I then place the curved opera-
tive trocars under vision. There are short (250 mm) and long 
(300 mm) versions of the operative trocars. I prefer the lon-Fig. 10.6 Preserving umbilical stalk. (©2018 Intuitive Surgical, Inc. 

Used with permission)

Fig. 10.7 Placing the single-site port. (©2018 Intuitive Surgical, Inc. Used with permission)
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ger trocars as I feel they provide a greater arc inside of which 
I can move the camera without collisions. Others prefer the 
shorter trocars, especially if the umbilicus is close to the 
right upper quadrant. My advice is to try both and see which 
works better for you. The robot is then docked. Intuitive 
 surgical training has you docking the robot to the camera first 
and then placing the operative ports after camera docking. I 
found it faster to place the curved trocars under visualization 
before docking to the camera trocar, using the robotic cam-
era in a handheld fashion. On the Xi, there is a grounding 
cable that needs to be connected to the camera port. The 
patient is placed in 10–15° of reverse Trendelenburg. At this 
stage, I bring the robot in and dock. Docking all occurs from 
a lateral approach on the Xi since the boom is able to rotate 
into any position. On the Si, however, I like to turn the patient 
table after induction and before the patient is prepped. I turn 
the head of the OR table toward the direction of the robot to 
allow the robot to come in over the right shoulder at about a 
45-degree angle (Fig. 10.8). I only want the nurse driving the 
robot in and out from the patient in a straight line for simplic-
ity, repetition, and speed. On the Si, the elbows of the robotic 
arms need to face outward to minimize collisions. After 
docking I place the accessory trocar last. Through the acces-
sory port, I place a laparoscopic grasper to hold the gallblad-
der anteriorly and superiorly. If the gallbladder needs to be 
decompressed, that can also be done through the accessory 
port using a laparoscopic needle aspiration instrument. Zero-
degree and 30-degree camera both work. I prefer the zero-
degree camera, keeping the retracting instrument superior to 
the camera. Others prefer a 30-degree scope either looking 
upward or downward. After docking sometimes the port is 
too close or too far away from the gallbladder. In that situa-
tion, the port complex can be moved slightly toward or away 

from the gallbladder by burping all three arms simultane-
ously with your first assist helping. The port complex can 
also be lowered or more likely elevated to get the view and 
working distance that is needed. Alternatively the longer or 
shorter operative ports can be exchanged depending on how 
close the umbilicus is to the gallbladder.

Single site can be challenging in the obese patient. Early 
in your learning curve I would approach these patients in a 
multiport fashion. However, with experience they can be per-
formed with single site as well. There is likely a higher her-
nia rate in the obese patient population with single site. If the 
port is too short to bridge the distance from inside the 
abdominal cavity to the skin surface, you have a couple of 
options. You can simply seat the port nicely in the fascia and 
have the upper surface in the subcutaneous space. Some sur-
geons will suture the skin down to the fascia to allow the port 
to seat nicely. The alternative that also works here is to use a 
small wound protector and then seat the single-site port 
inside of that. The last alternative is to use a gel port 
(GelPOINT). The gel port is placed, and then the single-site 
trocars are placed through the gel port in a similar 
 configuration to the single-site port followed by docking. 
This does increase cost but is always effective.

Once the dissection is done and the critical view of safety 
has been obtained and verified using fluorescence imaging, 
the cystic duct and artery are clipped and divided. Critical 
view of safety entails seeing two structures (the cystic duct 
and artery) going to the gallbladder with the cystic plate 
exposed in the background (Fig. 10.9). This is obtained after 
clearing the hepatocystic triangle and freeing the lower third 
of the gallbladder off of the liver bed. Once critical view of 
safety is obtained, the cystic duct and artery are clipped and 
divided depending on your preferred method.

To save time, I single clip the artery and divide it with the 
hook cautery toward the gallbladder in coagulation mode. 
The remaining gallbladder is then freed from the gallbladder 

Fig. 10.8 Si Single-site robot position. (©2018 Intuitive Surgical, Inc. 
Used with permission)

Fig. 10.9 Critical view of safety. (©2018 Intuitive Surgical, Inc. Used 
with permission)
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fossa using hook cautery or your instrument of choice. Once 
the gallbladder is freed from the liver, the robot is undocked, 
the camera trocar and operative trocars are removed, and the 
port is removed through the umbilicus with the gallbladder 
attached to the grasper. Alternatively a 5 mm specimen bag 
can be used placing the gallbladder in the bag prior to removal.

Attention is then turned toward closing the fascia. I ini-
tially used 0-Vicryl figure-of-eight sutures to close the fascia 
but noticed a few hernias early in my SILS experience. I 
quickly switched to PDS, and the hernias dropped off quickly. 
I now close the fascia with 2–0 PDS taking 0.5  cm bites 
spaced 0.5 cm apart in a running fashion. The dermis is then 
reapproximated with absorbable deep dermal sutures. If the 
umbilicus was split, the base of the umbilicus is sutured to the 
fascia to reconstruct the umbilicus. Dermabond or Steri-
Strips can be applied. I like to use a vacuum dressing for these 
cases. A 2 × 2 inch gauze is scrunched up and pushed inside 
the umbilicus and covered by a flat piece of 2 × 2 gauze. That 
is then covered with a large clear adhesive dressing. A 
25-gauge needle is inserted laterally into the gauze in the cen-
ter of the dressing, and air is aspirated out creating a vacuum 
dressing. I have my patients remove the dressing once the 
vacuum seal is gone. Postoperatively the only physical limita-
tions are patient comfort levels. Patients can drive as soon as 
they are off pain medication and can comfortably drive with-
out putting themselves or someone else at risk.

 Fluorescence Cholangiography Utilizing 
Indocyanine Green (ICG)

ICG is a tricarbocynanine dye that has been used clinically 
for over 50 years for hepatic clearance, cardiovascular func-
tion testing, and retinal angiography on the basis of its dark 
green color, typically administered at concentrations of 
2.5 mg/ml at typical total doses of 25 mg in adults [7]. It 
binds to albumin in the bloodstream and is selectively 
excreted through the biliary system. It fluoresces at near-
infrared light making it very useful for identification of the 
biliary anatomy. It is not useful for identifying common bile 
duct stones and, therefore, is not a substitute for traditional 
intraoperative cholangiography for this purpose with the 
possible exception of an obstructing common bile duct stone 
blocking passage of the ICG. In terms of its safety profile, 
the incidence of mild adverse reactions was 0.05% and 
0.05% for severe adverse reactions, with no deaths after 
1923 procedures [7]. In a study of 2820 patients who under-
went ICG angiography, the incidence rate of adverse events 
was 0.07% [8]. In comparison, the incidence rate reported 
for isosulfan blue dye in SLN identification was 1.1% [9].

The primary cause of bile duct injury is misinterpretation of 
the biliary anatomy which occurs in 71–97% of all cases [10]. 
According to Dip et al., the cystic duct was identified by intra-

operative fluorescence cholangiography (IOFC) in 44 out of 45 
patients (97.77%) [11]. Individual median cost of performing 
IOFC was cheaper than intraoperative cholangiography (IOC) 
(13.97 ± 4.3 vs 778.43 ± 0.4 USD) per patient (p = 0.0001). 
IOFC was faster than IOC (0.71 ± 0.26 vs 7.15 ± 3.76 min, 
p < 0.0001). Firefly imaging allows visualization of accessory 
ducts and superficial gallbladder bed ducts which in my experi-
ence occurs in approximately 2% of cholecystectomy cases. 
Schnelldorfer et al. in a systemic review identified a 4% inci-
dence of accessory ducts [12]. Images of aberrant anatomy can 
be seen in Figs. 10.10 and 10.11. In Fig. 10.10, an accessory 
duct can be seen communicating between the common hepatic 
duct and the cystic duct/gallbladder junction. Fig. 10.11 dem-
onstrates an aberrant duct between the right hepatic duct and 
the gallbladder. This patient also had the cystic duct inserting at 
the junction of the left and right hepatic ducts, all of which was 
easily identified using fluorescence imaging.

With ICG fluorescence, imaging of the bile ducts occurs 
in real time during the dissection and can be achieved with-
out cutting any biliary structures to complete the imaging vs 

Fig. 10.10 Accessory duct from common hepatic duct to cystic duct 

Fig. 10.11 Accessory duct from right hepatic duct to gallbladder

T. Swope
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traditional cholangiography. It also eliminates radiation 
exposure to the patient and the OR staff that occurs with tra-
ditional cholangiography. In addition to being more easily 
able to identify aberrant anatomy, fluorescence imaging 
more easily allows identification of the anatomy on difficult 
cases. This in turn can allow a lower rate of open conversion 
in challenging cholecystectomy cases [13]. The intensity of 
the fluorescence can be adjusted using the brightness control 
on the console as well as by how close you are to the target 
tissue. Greater camera proximity to the target tissue gives a 
more robust fluorescence response.

The ICG needs to be injected IV at least 30 min before 
fluorescence imaging is utilized. At my institution, I have the 
anesthesia team give it in the pre-op area as they are evaluat-
ing the patient. That allows the ICG to circulate and be pres-
ent in the liver and biliary tree during the operation. The 
usual dose is 2.5 mg (1 ml). If the patient is obese, I increase 
the dose to 5 mg (2 ml). That is my own protocol and is based 
on my clinical experience.

 Traditional Cholangiography

Traditional cholangiography can also be performed during 
robotic cholecystectomy. A cholangiogram catheter is intro-
duced through an angiocatheter in the right upper quadrant. 
The cholangiogram catheter is then introduced into the cystic 
duct as is done traditionally after clipping the proximal duct 
and opening the duct toward the common duct. Once inserted, 
the catheter can be held in position by placing a clip across 
the catheter and cystic duct securing the catheter in place. The 
clip will not prevent the ability to inject contrast. Alternatively 
the Reddick cholangiogram catheter curved introducer sheath 
can be passed through the accessory port and the balloon 
tipped catheter introduced into the cystic duct using the clip 
applier or Maryland grasper. The groove at the end of the clip 
applier is well suited for grasping and manipulating the cath-
eter into the duct prior to clipping. To use the C-arm, the num-
ber 1 arm is undocked and moved out of the way. The C-arm 
is then rotated slightly clockwise to allow it to pass under the 
patient and not contact to the other robotic arms (Fig. 10.12). 
Once in position, the cholangiogram catheter is injected and 
fluoroscopic images are obtained. Once completed, the cath-
eter is removed, and another clip can be placed on the cystic 
duct before complete division of the duct is performed.

 Postoperative Care

Robotic cholecystectomy is an outpatient procedure for the 
majority of patients unless there are underlying comorbidi-
ties. Diet is initiated as tolerated as is postoperative activity 
and return to work.
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Robotic Liver Resection

Charles R. St. Hill, Christopher Francis McNicoll, 
and Daniel M. Kirgan

 Introduction

Liver surgery has been performed for decades and was ini-
tially fraught with high morbidity and mortality and poor 
overall survival [1]. The indications for resection have broad-
ened with improved outcomes following liver surgery, due to 
advancements in critical care, surgical technique, and hemo-
static devices. Minimally invasive surgery has further 
improved perioperative outcomes with decreased blood loss, 
decreased postoperative morbidity, and decreased length of 
hospital stay. Despite these advantages, laparoscopic surgery 
has certain limitations as to which liver segments can be eas-
ily accessed and safely removed. This is a result of instru-
ments and laparoscopes that have limited articulation and 
have not been well adapted to the specific challenges of 
parenchymal- sparing hepatectomy. This may limit the indi-
cations of minimally invasive liver resection and therefore 
the potential benefit to patients. A relevant example of this 
are the right posterolateral liver segments (segments 7,8) 
which have been approached laparoscopically but with 
mixed perioperative outcomes and are not widely 
performed.

The advent of robotic instrumentation shows promise in 
extending the indications for minimally invasive surgery 
while still retaining the benefits of laparoscopic surgery, spe-
cifically robotic surgery for right posterior segments. There 
may also be a future role for robotic surgery in central hepa-
tectomy. Wristed instruments and more degrees of freedom 
provide improved articulation. Improved optics due to the 
steady camera and from the binocular vision provides better 
depth perception [2]. These technical advantages may allow 

for more confident suturing, vessel isolation, and control of 
hemorrhage.

Although new technology brings the promise of expand-
ing the role and advantages of minimally invasive surgery, 
there are some disadvantages of robotic surgery that should 
be considered. Disconnect from the tissue in terms of dis-
tance and loss of haptic feedback, increased time required to 
convert to an open approach in case of catastrophic or audi-
ble hemorrhage. Finally, the difficulty to utilize a hybrid 
technique (i.e., laparoscopic hand-assisted) with robotic sur-
gery may limit early adoption by surgeons.

Additional barriers to adoption of robotic surgery include 
access to the robotic system, a dedicated and well-trained 
operative team, institutional experience, as well as the sur-
geon’s technical learning curve. Liver surgeries are often 
performed by highly specialized surgeons. They may not 
have access to low-risk, high-volume cases, like cholecystec-
tomies and ventral or inguinal hernia repairs. This may make 
the transition from laparoscopic to robotic liver resection 
less intuitive due to technical nuances of the robotic system. 
In earlier iterations of the robotic system, the arms were 
docked over the patient’s head, which limited access to the 
head and thorax for the anesthesiologist. This potentially 
puts the patient at higher risk of complications, during these 
high-risk procedures. There has also been a lack of empiric 
evidence proving similar oncologic outcomes between lapa-
roscopic and robotic surgery.

The current chapter will discuss relevant evidence regard-
ing the indications, efficacy, outcomes, and cost of robotic 
liver resection. We will also outline the procedure including 
room setup, technical steps of the procedure, as well as peri-
operative considerations.

When deciding to delve into robot liver resection, as with 
any new procedure, several issues should be carefully con-
sidered. Your own expertise in liver surgery is clearly para-
mount. However, the system that you work in should also be 
taken into account. A liver resection as we know has high 
potential for morbidity and even mortality implications for 
technical mistakes. Given this issue, we recommend that sur-
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geons be familiar with the robotic system prior to delving 
into this procedure. Familiarity with your operating room 
staff and environment may also minimize some of the issues 
associated with starting a procedure using a new technique. 
Despite these challenges, these authors believe that the 
robotic system has several advantages to standard laparos-
copy that are worth the effort required to start a robotic liver 
resection program.

 Literature Review

As with any new tool or technique introduced in surgery, 
robot-assisted laparoscopic liver resection deserves critical 
appraisal before being recommended as a mainstream option 
for patients. We will examine the somewhat limited but 
salient studies performed to date.

It is accepted that compared to open liver resection, laparo-
scopic as a minimally invasive technique has the advantage of 
decreased blood loss, decreased perioperative morbidity, and 
decreased length of hospital stay. For example, the OSLO- 

COMET randomized controlled trial shows improved periop-
erative outcomes in laparoscopic versus open liver resection 
for colorectal liver metastasis. The authors of this trial report a 
significant decrease in postoperative complications 19 vs 31% 
(95% confidence interval 1.67–21.8; P = 0.021) and length of 
hospital stay. Improved quality of life scores were also noted. 
There were no differences in blood loss, operation time, or rate 
of positive resection margins. The reported mortality at 
90  days did not differ significantly from the laparoscopic 
group (0 subjects) to the open group (1 subject) [3].

Improvements in these areas are potentially obtained with 
a trade-off of higher operative cost that is generally recov-
ered by the decreased length of hospital stay mentioned 
above. Our literature review sought to explore whether the 
same could be said of robot-assisted laparoscopic liver resec-
tion. Further, attributes of robot assistance could extend the 
indications for laparoscopic resection, offering benefits of 
minimally invasive resection to a much larger proportion of 
patients requiring resection.

A summary table of prospective clinical trials is included 
(Table 11.1 [4]), several of which we will discuss later in this 

Table 11.1 Perioperative surgical outcomes

Authors (number of 
subjects)

Operating time 
(min)

Blood loss 
(mL)

Conversion 
rate n(%)

LOS 
(days)

Positive 
surgical 
margins Transection method

Patients with ≥1 
complication 
n(%) Mortality

Giulianotti et al. (70) 270 (90–660) 260 
(20–2000)

4 (6) 7 (2–26) 0/42 Harmonic device and 
bipolar forceps

15 (21) 0

Tsung et al. (57) 255 (62–597) 200 
(30–3600)

4 (7) 4 (1–31) 2/42 NR 11 (19) 0

Wu et al. (38) 380 ± 165 SD 325 ± 480 2 8 ± 5 NR NR 3 0
Lai et al. (41) 230 ± 85 SD 415 

(10–3500)
2 6 ± 4 3/42 NR 3 0

Toisi et al. (40) 270 ± 100 SD 330 ± 300 8 6 ± 3 3/28 Straight line: Harmonic 
scalpel
Curved and angulated 
section lines: Kelly 
clamp crushing 
technique using 
endo-wristed bipolar 
precise forceps

5 0

Choi et al. (30) 510 (120–815) 345 
(95–1500)

2 12 
(5–46)

0/13 Harmonic curved shears 
and Maryland bipolar 
forceps

13 0

Spampinato et al. (25) 430 (240–725) 250 
(100–1900)

1 8 (4–22) 0/17 NR 4 0

Felli et al. (20) 140 (100–200) 50 (0–200) 0 6 (4–14) 2/17 Combination of Kelly 
crushing technique, 
bipolar forceps, 
monopolar crochet, and 
harmonic scalpel

2 0

Ji et al. (13) 340 (150–720) 280 0 7 0/8 Harmonic curved shears 
and bipolar 
electrocautery

1 NR

Yu et al. (13) 290 ± 85 SD 390 ± 65 0 8 ± 2 0/12 Harmonic scalpel 0 0
Berber et al. (9) 260 ± 30 SD 135 ± 60 1 NR 0/9 Harmonic scalpel, clips, 

scissors, or stapler
1 NR

Kandil et al. (7) 60 ± 30 SD 100 
(10–200)

0 2 (1–5) NR Harmonic scalpel 2 0

From Nota et al. [4] with permission of Elsevier
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text. It is apparent that there is a paucity of definitive pro-
spective clinical trials designed to answer the pertinent ques-
tions clinicians have regarding this topic. However, there are 
some important questions that have been addressed with 
these studies.

First we will discuss some of the potential advantages of 
the robotic platform. Milone et  al. published an article 
describing the state of the art in hepatobiliary surgery and 
suggest several potential advantages that the robotic plat-
form could provide. They propose that it could be utilized to 
overcome the limitations of the laparoscopic approach to 
hepatectomy. The increased range of motion could be used to 
suture bleeding vessels. Additionally, improved visualization 
with three-dimensional stereoscopic view could improve dis-
section of critical structures [5]. Kitisin and colleagues 
expand on this idea when discussing the da Vinci © S and 
newer iterations of their robotic platform. These systems 
assist in overcoming the limitations of two-dimensional 
imaging, tremor amplification, and fulcrum effect suffered 
by laparoscopic instrumentation. They also address the lim-
ited degrees of freedom and awkward ergonomics often 
experienced by laparoscopic surgeons. This is accomplished 
by the three-dimensional imaging that adds depth percep-
tion, improved dexterity with endo-wristed instruments, and 
integrated filtration of surgeon tremor for precise tissue dis-
section [6].

The learning curve becomes important in deciding if these 
potential advantages will be worth taking the time to acquire 
the new skill in your particular practice. Choi and his col-
leagues sought to assess their learning curve by recording the 
operative time in ten consecutive patients who underwent 
left hepatectomy. Interestingly, they found a clear cutoff 
point by the seventh case, where the total operating and con-
sole time began to gradually decrease [2]. In 2003, Giulianotti 
et al. addressed this topic while describing a decreased mean 
operative time from 96.5 to 66.4 min, following a series of 
20 robotic cholecystectomies. In their article describing their 
personal experience with a large variety of abdominal proce-
dures, they stated that the learning curve at the console was 
relatively short, even for an inexperienced surgeon. They 
found that when using robotic cholecystectomy as a basic 
training model, 20 operations were necessary to complete 
the learning phase, after which the operative time was simi-
lar to that for traditional laparoscopy. Of importance, the 
authors also noted that in order to perform advanced proce-
dures, full training in open and laparoscopic surgery was 
mandatory [7]. This learning phase can also be used as an 
important starting point for training of the operating room 
nursing staff. Nelson et al. also reported a significant decrease 
in robot setup time from 30.6  min in the first 16 cases 
to18.3 min in the last 16 cases. They determined that robotic 
cholecystectomy was an excellent procedure for teaching the 
basics of robotic surgery [8].

We explored relevant literature to address potential bene-
fits and shortcomings of robot-assisted laparoscopic liver 
resection. Compared to open resection, laparoscopic tech-
niques have shown improved or equivalent perioperative out-
comes including blood loss, operative time, morbidity, and 
mortality with an acceptable conversion rate. A study by 
Yoon et  al. points out the weakness of laparoscopic liver 
resection compared to open resection for hepatocellular car-
cinoma in the posterosuperior segments. They report longer 
operative times as well as increased length of hospital stay 
and intraoperative blood loss [9].

Several reports show decreased or equivalent intraoperative 
blood loss compared to open or laparoscopic resection. Ji et al. 
report a series of their initial experience in China containing 
13 consecutive patients. They had a significantly lower mean 
blood loss in the robotic group, 280 versus 350 ml for laparo-
scopic procedures and 470  mL for the open group [10]. In 
another study, Lai et al. analyzed short-term outcomes after 
liver resection for hepatocellular carcinoma (HCC). They 
included 42 consecutive robot liver resections. In the subgroup 
analysis of minor liver resection, when compared with the 
conventional laparoscopic approach, the robotic group had 
similar blood loss (mean, 373.4  mL vs 347.7  mL) [11]. 
Matched patients undergoing robotic and open liver resections 
displayed no significant differences in postoperative outcomes 
as measured by blood loss [12]. Another study including 
matched patients by Montalti et  al. displayed no significant 
differences in postoperative outcomes as measured by blood 
loss [13]. Sham et al. found approximately half the blood loss 
and two-thirds less chance of transfusion in robot versus open 
resections [14]. A case series of 16 patients underwent robot-
assisted laparoscopic liver resection at the University Medical 
Center Utrecht. Fifteen robot-assisted laparoscopic liver resec-
tions were completed in a minimally invasive manner. Mean 
blood loss was 245 mL; transfusion was  required in only 2 
cases (8.6%) [15].

Spampinato and his Italian colleagues address the issue of 
intraoperative blood loss in a report including a total of 50 
major hepatectomies, inclusive of 25 robotic and 25 laparo-
scopic cases. The two groups had comparable demographic 
and tumor characteristics aside from more frequent use of 
neoadjuvant chemotherapy in the laparoscopic resection 
group. Regarding operative technique, the only difference 
between groups regards the use of intermittent pedicle 
clamping, which was employed in one-third of laparoscopic 
major hepatectomy (LMH) and in none of the robot assisted 
major hepatectomy (RMH). The cumulative rate of blood 
transfusions was higher after RMH (44%) than that after 
LMH (16%) (p = 0.031). However, these rates include autol-
ogous blood transfusions, which were given to five patients 
undergoing RMH because of symptomatic giant hemangi-
oma. The rate of allogeneic blood transfusion was not differ-
ent between the two groups (24 vs 16%) although still 
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slightly higher after RMH.  Median estimated blood loss, 
indeed, was similar after RMH (250 mL; range 100–1900) 
and LMH (400 mL; range 50–1200) [16]. Overall, blood loss 
and transfusion appear to be comparable between robotic 
and laparoscopic liver resection techniques and less than that 
required for open approaches.

Operative time, however, is consistently longer in robotic 
vs open or laparoscopic approaches. A single-institution, ret-
rospective cohort study was performed that included robotic 
and open liver resections performed for benign and malig-
nant pathologies. Clinical and cost outcomes were analyzed 
using adjusted generalized linear regression models. Clinical 
and cost data for 71 robotic and 88 open hepatectomies were 
analyzed. Operative time was significantly longer in the 
robotic group (303 vs 253 min; p = 0.004) [14]. Patriti et al. 
matched patients undergoing robotic or open liver resections, 
they reported significantly longer operative time in the robot 
group (mean, 303 vs 233 min) [17]. In the analysis of short-
term outcomes after liver resection for HCC by Lai et al., 
they included 42 consecutive robot liver resections, and 
when compared with the conventional laparoscopic approach, 
the robotic group had a significantly longer operative time 
(202.7 min vs 133.4 min) [11].

Troisi’s group performed a comparative analysis involv-
ing two institutions that sheds more light on the intraopera-
tive blood loss issue as noted above but also analyzed their 
conversion rates. They concluded that despite higher conver-
sion rates and blood loss, robot-assisted surgery may allow 
the resection of more liver lesions, especially those located 
in the posterosuperior segments, therefore facilitating 
parenchymal- sparing surgery with a comparable complica-
tion rate with respect to laparoscopic resection. Their major 
hepatectomy rate was significantly higher in laparoscopic 
hepatectomy (16.6% vs 0%, p = 0.011), while a parenchymal- 
preserving approach was favored in robot-assisted resection 
(55% vs 34.1%, p = 0.019). More nodules were resected in 
the robotic group (1.971.4 vs 1.571.1, p = 0.04). Overall con-
version rate was 8/40 (20%) in the robotic and 17/223 (7.6%) 
in the laparoscopic group (p  =  0.034) [18]. Pelletier et  al. 
examined 170 procedures in a systematic review of 8 studies 
in order to determine the safety and oncologic efficacy of 
robotic liver resection. They found a low average conversion 
rate of 6.6% [13].

Perhaps the most important outcomes relating to care of 
our patients are morbidity and mortality. In Pelletier’s system-
atic review discussed above, they found low average morbidity 
(11.6%) and no mortality [13]. Ji et al.report a series of their 
initial experience in China containing 13 consecutive patients. 
The morbidity rate was lower in the robotic group in this 
series. Additionally, they reported postoperative morbidity 
was lower than either the laparoscopic or open groups, 7.8 
versus 10 and 12.5%, respectively [10]. Lai et al. analyzed 104 

consecutive patients undergoing liver resection. They included 
total laparoscopic (n  =  17), hand-assisted laparoscopic 
(n  =  55), and robot-assisted laparoscopic liver resection 
(n = 32). Their study looked specifically at surgical complica-
tions, postoperative course, disease-free survival, and overall 
survival for malignant pathologies. Conversion from laparo-
scopic to open approach and from laparoscopic to hand-
assisted approach occurred in 1.9 and 1% of the cases, 
respectively. Overall mortality was 0%, and morbidity was 
17.3% [9]. In another study by Lai et al., they analyzed short-
term outcomes after liver resection for HCC. They included 42 
consecutive robot liver resection. The hospital mortality and 
morbidity rates were 0% and 7.1%, respectively. In the sub-
group analysis of minor liver resection, when compared with 
the conventional laparoscopic approach, the robotic group had 
similar blood loss (mean, 373.4 mL vs 347.7 mL), morbidity 
rate (3% vs 9%), and mortality rate (0% vs 0%) [11].

Before extending this technique to include malignant 
pathologies, studies evaluating oncologic outcomes should 
also be considered. Pelletier et al. examined 170 procedures 
in a systematic review of 8 studies in order to determine the 
safety and oncologic efficacy of robotic liver resection. Their 
negative margins ranged from 11 to 18 mm, with R0 resec-
tion in 14/15 and R1 resection in 1/15 patients [13]. Lai et al. 
analyzed short-term outcomes after liver resection for HCC. 
They included 42 consecutive robot liver resection. Five 
resections (11.9%) were carried out for recurrent HCC, and 
23.8% were hemihepatectomy procedures. The R0 resection 
rate was 93%. The 2-year overall and disease-free survival 
rates were 94% and 74%, respectively. In the subgroup anal-
ysis of minor liver resection, when compared with the con-
ventional laparoscopic approach, the robotic group had 
similar R0 resection rate (90.9% vs 90.9%). However, the 
robotic group had a significantly longer operative time 
(202.7 min vs 133.4 min). These authors also confirm feasi-
bility, safety, and favorable short-term HCC outcomes fol-
lowing robot liver resection [11].

A study by Montalti evaluated the overall survival (OS) in 
patients with colorectal liver metastases which was 92.3, 
64.6, and 40.4% versus 96.4, 70.8, and 62.9% (p = 0.24) at 1, 
3, and 5 years in robotic versus laparoscopic groups, respec-
tively. Accordingly, recurrence-free survival (RFS) was 73.3, 
46.2, and 46.2% versus 63.7, 37.1, and 32.5% (p = 0.56) in 
the robotic versus laparoscopic groups, respectively. These 
results show no difference in OS or RFS between robot and 
laparoscopic resections [13]. In 2012 Lai et al. analyzed 104 
consecutive patients undergoing liver resection. They 
included total laparoscopic (n  = 17), hand-assisted laparo-
scopic (n = 55), and robot-assisted laparoscopic liver resec-
tion (n  =  32). Their study looked specifically at surgical 
complications, postoperative course, disease-free survival, 
and overall survival for malignant pathologies. Overall mor-
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tality was 0%, and morbidity was 17.3%. The median fol-
low- up period was 24 months, the 5-year overall survival for 
hepatocellular carcinoma (HCC)  was 52%, and the 3-year 
overall survival for colorectal liver metastasis was 88% [9]. 
Consistent with other literature reviewed, this illustrates low 
morbidity and acceptable oncologic outcome for both pri-
mary and secondary metastatic disease.

Cost is another important consideration for deciding to 
adopt new techniques or technology. It is also remarkably 
difficult to analyze. Most studies evaluate charges, direct 
costs, and length of hospital stay as a surrogate for the actual 
cost. To complicate this further, robotic systems have high 
upfront costs shouldered by the hospital, and the procedure 
codes used to charge payers are often identical to the open or 
laparoscopic procedure.

Other laparoscopic procedures afford decreased length of 
hospital stay and more than make up for the increased equip-
ment costs. Ji et al. report a series of their initial experience in 
China containing 13 consecutive patients. In terms of hospital 
stay, they reported 5.2  days for the laparoscopic group, 
6.7 days for the robotic group, and 9.6 days for the open group. 
Thus, while the robotic group resulted in higher operative 
costs, as compared to the other two groups, the authors suggest 
that this can be counterbalanced by the shorter hospital stay, 
particularly when comparing overall cost for open resection 
[10]. Yoon et al. point out the weakness of laparoscopic liver 
resection for hepatocellular carcinoma in the posterosuperior 
segments. They report longer operative times as well as 
increased length of hospital stay and intraoperative blood loss. 
Additionally, a higher conversion to open rate was noted. Only 
38% of their study patients with lesions in posterosuperior 
segments received minimally invasive resection [12]. It is intu-
itive that each of these factors would lead to increased costs to 
hospitals and decreased or negative case margins at the hospi-
tal level. Pelletier’s systematic review found average direct 
cost of robot-assisted resection of $12,046, open $10,548, and 
laparoscopic $7618 [13]. However, a single-institution, retro-
spective cohort study was performed that included robotic and 
open liver resections for benign and malignant pathologies. 
Clinical and cost outcomes were analyzed using adjusted gen-
eralized linear regression models. Clinical and cost data for 71 
robotic and 88 open hepatectomies were analyzed. Operative 
time was significantly longer in the robotic group (303 vs 
253 min, p = 0.004). Length of hospital stay was more than 
2 days shorter in the robotic group (4.2 vs 6.5 days, p = 0.001). 
Predictably, perioperative costs were higher in the robot resec-
tion group ($6026 vs $5479, p = 0.047). However, postopera-
tive costs were significantly lower, resulting in lower total 
hospital direct costs compared with open hepatectomy con-
trols ($14,754 vs $18,998, p  =  0.001). Similar to previous 
studies comparing laparoscopic to open surgery, the robotic 
approach increased perioperative costs, but overall robotic 

direct costs were not greater than open resection approach 
[14].

As we alluded to earlier, resection of the right posterolat-
eral segments (segments 7, 8, 4a, and 1) can be challenging 
using laparoscopic techniques. Two centers reviewed their 
outcomes using robot versus open resection for lesions in the 
right posterior section between January 2007 and June 2012. 
A 1:3 matched analysis was performed by individually 
matching patients in the robotic cohort to patients in the open 
cohort on the basis of demographics, comorbidities, perfor-
mance status, tumor stage, and location. They showed that 
matched patients undergoing robotic and open liver resec-
tions displayed no significant differences in postoperative 
outcomes as measured by blood loss, transfusion rate, hospi-
tal stay, overall complication rate (15.8% vs 13%), R0 nega-
tive margin rate, and mortality. Patients undergoing robotic 
liver surgery had significantly longer operative time (mean, 
303 vs 233  min) and inflow occlusion time (mean, 75 vs 
29  min) compared with their open counterparts. These 
authors concluded that robotic and open liver resections in 
the right posterior section display similar safety and feasibil-
ity [17]. In another study, 36 patients were included who 
underwent robot-assisted liver resection and matched with 
72 patients undergoing laparoscopic liver resection. Matched 
patients displayed no significant differences in postoperative 
outcomes as measured by blood loss, hospital stay, R0 nega-
tive margin rate, and mortality. The overall morbidity accord-
ing to the comprehensive compilation index was also similar 
(34.6 ± 33 vs 18.4 ± 11.3, respectively, for robotic and lapa-
roscopic approach, p  =  0.11). Patients undergoing robotic 
liver surgery had significantly longer inflow occlusion time 
(77 vs 25  min, p  =  0.001) as compared with their laparo-
scopic counterparts. Although the number and severity of 
complications in the robotic group appear to be higher, 
robotic and laparoscopic parenchymal-preserving liver 
resections in the posterosuperior segments display similar 
safety and feasibility [18]. So although more work needs to 
be done in this area, it appears to be safe to conclude that 
posterosuperior segmentectomies can be approached roboti-
cally when preoperative imaging suggests difficult access by 
standard laparoscopy.

In summary, initial reports suggest similar results of 
robot-assisted laparoscopic liver resection to standard lapa-
roscopy. These include intraoperative outcomes such as 
blood loss and transfusion rate, although inflow occlusion 
time is consistently longer in robotic cohorts. Short-term 
postoperative morbidity and mortality are similar. Oncologic 
outcomes including R0 resection rate and short-term overall 
survival are also comparable. Cost is generally less with lap-
aroscopy, although maturing data may prove more patients 
are able to reap the benefits of minimally invasive resection 
using robotic assistance.
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 Preoperative Planning

Preoperative planning should be focused on the correct indi-
cation for the procedure, evaluation of the patient's operative 
risk based on  comorbidities, and optimization of these to 
minimize perioperative morbidity.  Assessment of the 
patient’s cardiac risk should be no different when consider-
ing robot-assisted resection compared to any other liver 
resection access. This remains a high-risk surgery, and ade-
quate preoperative risk assessment and appropriate medical 
optimization are very important. Additionally, we know that 
many of these patients are being treated for cancer and do not 
have the luxury of a prolonged period of cardiac optimiza-
tion or intervention.

According to the Louisville consensus statement, indi-
cations for laparoscopic liver resection are patients with 
solitary lesions, 5 cm or less, located in liver segments 2–6 
[15]. Over time this has evolved to a definition of resect-
ability for colorectal liver metastases requiring removal of 
all metastases with negative microscopic margins. Adequate 
future liver remnant is preserved by retaining at least two 
consecutive liver segments with adequate vascular inflow, 
outflow, and biliary drainage and demonstrating regenera-
tive capability [19]. Recent, high-quality imaging such as 
contrast-enhanced CT, MRI, or PET/CT should be used to 
assess resectability, future liver remnant, and vascular 
invasion.

With regard to pathologic considerations, there are no 
indications specific to robotic resection as compared to stan-
dard open or laparoscopic techniques. They include HCC, 
colorectal liver metastases, hepatic cysts, symptomatic hem-
angioma, intrahepatic cholangiocarcinoma, and possibly 
gallbladder cancer. Practitioners should use appropriate clin-
ical judgment when planning a robotic liver resection.

Assessment of liver function or extent of liver dysfunction 
through preoperative laboratory testing is important in deter-
mining appropriate candidates for surgical resection. 
Calculating Child-Pugh-Turcotte [20] and/or MELD [21] 
scores may assist in guiding the limits of safe resection to 
avoid liver insufficiency, failure, or even mortality following 
resection.

There are no absolute contraindications to robotic sur-
gery, though relative contraindications mimic those of lapa-
roscopic surgery and include physiologic and anatomic 
conditions that limit prolonged tolerance of increased intra- 
abdominal pressure and CO2 peritoneum such as COPD [22]. 
If the patient has relative contraindications, closely assess 
the patient’s pulmonary and hemodynamic status during the 
initial laparoscopic portion of the procedure. If the patient is 
tolerating this well, then it is reasonable to continue to the 
robotic portion of the procedure based on clinical judgment 
of the surgeon and anesthesiologist.

 Setup

The robotic approach should be standardized with a team 
experienced in assisting with robot procedures. Having the 
ability to convert quickly to either laparoscopic or open 
approaches is essential. Early in one’s experience, utilizing a 
two-attending method or an experienced surgical first assis-
tant is as well beneficial. A skilled assistant is necessary to 
place an ablation probe and provide suction or retraction 
throughout the case. As one’s experience grows, modifica-
tions to these recommendations can be tailored to the needs 
of the individual surgeon.

Vascular access with two large-bore intravenous catheters 
or a central line and arterial line placement to monitor pulse 
pressure versus noninvasive measurements should routinely 
be employed. We prefer using low central venous pressure or 
pulse pressure monitoring during parenchymal transection to 
further reduce blood loss.

The patient and table positioning should allow the robot 
to appropriately access the target segments. Please refer to 
Fig. 11.1 for an example of the operating room setup.

Intraoperative ultrasound is essential and requires a 
12  mm assist port to place the ultrasound device. Robotic 
graspers then position and manipulate the drop-in probe or 
robotic arm attachment for the ultrasound.

Precoagulation is achieved using an ablation device, 
either microwave or radiofrequency, prior to parenchymal 
transection. The probe(s) may be placed directly through the 

Fig. 11.1 Robotic-assisted laparoscopic hepatectomy room layout. 
(Illustration by Alouette Vera)
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abdominal wall through a small stab incision. Parenchymal 
transection is started with advanced bipolar device or har-
monic scalpel. Deep parenchymal transection including 
large vessels is completed with endoscopic vascular 
staplers.

 Procedure

Port placement – For clarity of terminology, this text will use 
the Brisbane 2000 terminology of liver anatomy and resec-
tion in the description of procedures [23]. We strongly rec-
ommend, when considering port placement, the review of 
preoperative imaging to plan for the target segment(s). We 
will start by describing a robot-assisted laparoscopic right 
hepatectomy and then describing modifications needed for 
resection of other areas. For resection of right or right ante-
rior segments, ports are placed in a similar position to a 
robot-assisted cholecystectomy (see Fig. 11.2). This configu-
ration is used for parenchymal-sparing segmentectomies 
including lesions in segments 5 and 6 and superficial aspects 
of segment 8 as well. An infraumbilical port is placed for the 
camera, right midaxillary port at the level of the umbilicus is 
placed for retraction or dissection, a right lateral subcostal 
port is placed for retraction or dissection, and the final robotic 
port is placed at the left midaxillary line. This port may be 
placed more cephalad for lesions located in segment 4b or 8 
to allow for adequate instrument reach. A 12 mm assistant 
port is added for placement of the ultrasound probe and for 

suctioning by the surgical assistant (see Fig. 11.1 for alter-
nate assistant port sites). The operating room table should 
then be placed in 8–12° of reverse Trendelenburg.

Exploration – After initial port placement, the peritoneal 
cavity is inspected carefully for peritoneal carcinomatosis or 
extrahepatic spread which may preclude resection for cura-
tive intent. Any suspicious masses should be sampled and 
sent for intraoperative pathologic evaluation to assist in 
decision- making based on the respective disease. For exam-
ple, extrahepatic disease in hepatocellular carcinoma would 
preclude resection. However, with neuroendocrine carci-
noma, where cytoreductive techniques may be advantageous 
to patients, one may continue with resection based on overall 
risk and benefit assessment.

Mobilization – The falciform ligament is transected using 
an energy device followed by mobilization of the right trian-
gular and coronary ligaments. A careful and systematic eval-
uation of the entire liver parenchyma using high-resolution 
intraoperative ultrasound is of paramount importance as 
occult metastases may be found using this modality. This 
often changes the planned approach as proximity to vessels 
or occult masses missed on other preoperative imaging 
modalities are revealed [24]. For example, new bilobar 
lesions may be amenable to ablation rather than resection. If 
high-volume, diffuse metastases are encountered, then you 
may elect to obtain pathologic confirmation with ultrasound- 
guided biopsy and abort the procedure at this time.

Ultrasound evaluation – In addition, ultrasound guidance 
can be utilized to obtain the desired gross resection margins. 

Fig. 11.2 Robotic-assisted laparoscopic right hepatectomy. (Illustration by Alouette Vera)
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The transaction lines are marked at the liver surface using 
electrocautery with the monopolar scissors or hook device. If 
your technique includes vascular isolation of the respective 
pedicle, this is performed at this time. Vascular isolation of 
the inflow is achieved by encircling the hepatic artery and 
right portal vein separately with ligation using a vascular sta-
pler, suture ligature, or hemolock clips and sharp transection 
with endoshears. Alternatively, the entire portal triad may be 
encircled for intermittent vascular inflow occlusion via 
application of the Pringle maneuver during the procedure. 
The outflow may be controlled by isolating and ligating the 
right and middle hepatic veins.

Parenchymal transection – We have adopted a parenchy-
mal transection technique using precoagulation of the tran-
section line using microwave thermal ablation. This has the 
advantage of limiting hemorrhage during parenchymal tran-
section as well as extending the effective margin on the rem-
nant liver side; in most cases, we avoid the need for vascular 
inflow occlusion (Pringle maneuver). Transection  is started 
with the vessel-sealing device by the operating surgeon at the 
console. Other options include the surgical assistant using an 
advanced bipolar or harmonic device, although the latter does 
not take advantage of the increased degrees of freedom gained 
with the robot system instruments. Intraoperative ultrasound 
is used periodically to ensure adequate margins are obtained 
and that larger vessels are avoided or completely controlled. 
When the bottom third of the parenchyma is reached, we use 
an endoscopic vascular stapler controlled by the surgical 
assistant to complete the transection. The robotic stapler may 
also be utilized for this crucial portion of the case.

We cauterize the transected parenchymal  surface using 
Argon beam coagulation through the assistant port. Next the 
surface is carefully inspected and sprayed with absorbable 

hemostatic polysaccharide as it assists with hemostasis and 
remains true to its color, facilitating identification of bile 
leaks. If none are noted, we spray with procoagulant tissue 
sealant as well.

Specimen extraction – Our group favors extension of the 
periumbilical port as the extraction site. Other options 
include a Pfannenstiel incision or extension of the 12 mm 
port site. A wound protector or laparoscopic retrieval bag 
should be used to decrease postoperative extraction site 
infection and theoretical risk of port site tumor seeding.

Specific procedure modifications – For left hepatectomy 
or left lateral segmentectomy, the port placement is reversed 
(see Fig.  11.3). For optimal access of the endostapler, the 
assist port should be placed in line with the parenchymal 
transection plane through the gallbladder fossa for formal 
left hepatectomy. For parenchymal-sparing segmentectomy, 
the placement should be adjusted accordingly. During the 
mobilization phase, the left triangular and coronary liga-
ments are incised, and if vascular isolation is desired, the left 
hepatic artery, portal vein, and hepatic veins would then be 
carefully dissected. The remainder of the steps in the proce-
dure have been described above.

Right posterior or posterolateral sectionectomy  – seg-
ments 7 and 8. Segments 4a and 1 may also be accessible 
using this port placement strategy. Setup for right posterior 
segments by placing the patient in the supine position with 
the surgical table in 10–12° of reverse Trendelenburg and 
rotating the patient’s right side up 8–15°.

Alternatively, the patient may be placed in the left lateral 
decubitus position and ports placed more laterally. The left 
trocars are placed at the level of the right costal margin. The 
right trocar is inserted between the 10th and 11th intercostal 
space along the scapular line. Assistant port trocars can be 

Fig. 11.3 Robotic-assisted laparoscopic left hepatectomy. (Illustration by Alouette Vera)
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placed along the midline or anterior axillary line. This con-
figuration facilitates liver mobilization and inferior vena 
cava dissection [17, 25–27]. Patriti et al. describe an extra-
corporeal Pringle maneuver which should be considered as 
access to inflow for emergent conversion may be more chal-
lenging with the patient in the lateral position [25].

 Postoperative Care

There is nothing unique to the postoperative care of robotic 
patients as compared to laparoscopic patients. As with lapa-
roscopic surgery, one must be aware of CO2 embolism, pneu-
mothorax, bleeding, bile leak, hepatic insufficiency, and the 
other common complications. Postoperative patients may 
require intensive care unit (ICU) stay; however, that is not 
determined by the nature of the surgical technique but rather 
dictated by the comorbidities of the patient or other intraop-
erative factors. Thus, patients may be placed in appropriate 
floor status, ICU, an intermediate care, or standard postop-
erative surgical unit, based on the patient’s medical status 
and the nature of the procedure.

There appears to be lower intraoperative intravenous fluid 
requirements for robotic procedures. This is likely due to a 
decrease of blood loss as well as insensible fluid loss during 
robotic liver surgery. Thus, the postoperative labs expected to be 
required for a given patient should not be impacted negatively 
by the use of the robotic approach. In fact there is a potentially 
positive impact of robotic surgery on overall hospital stay.

In summary, robot-assisted laparoscopic surgery is a via-
ble technique that can be employed to extend the benefits of 
minimally invasive surgery to parenchymal-sparing liver 
resection in all segments. The literature supporting this is 
growing, and practitioners should tailor specific indications 
and improved techniques as it matures.
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Robotic Total Pancreatectomy

Anusak Yiengpruksawan

 Introduction

Since total pancreatectomy (TP) was first reported in the 
1940s [1], it has always been under close scrutiny by the 
surgical community. Initially TP was greeted with enthusi-
asm because it would, by definition, completely eliminate 
the potential source of cancer and dreaded pancreatic fistula 
[2]. However, such enthusiasm gradually waned as the post-
operative long-term metabolic effects including death due to 
hypoglycemia and high readmission rates for glycemic con-
trol [3] became apparent. As such, after an initial rise in the 
1970s, TP became a less performed procedure in the follow-
ing decades.

In the recent years, we have again seen resurgence of TP 
due to several factors. First and foremost was the improve-
ment in diabetes mellitus management [4], especially for 
pancreatogenic diabetes after pancreatic resection. Secondly, 
better understanding of the tumor biology of pancreatic neo-
plasms such as IPMN and PNET [5], and pathophysiology of 
chronic pancreatitis, helps to justify expanding indications 
for TP. Lastly, innovation in surgical technique and technol-
ogy [6–8], particularly in the areas of minimally invasive 
surgery and autologous islet transplantation, has brought 
about improved surgical outcomes and quality of life for 
patients with TP. The latest addition of robotic surgical tech-
nology to the MIS armamentarium may bring about new sur-
gical paradigm where all digital information can be integrated 
into the system that further enhances safety, precision, and 
accuracy.

 Historical Evolution of Robotic Total 
Pancreatectomy (RTP)

Giulianotti et al. [9] reported the first series of robotic pan-
creatic surgeries in 2010. Initially this was met with skepti-
cism due to the early primitive design of the dVSS and the 
difficulty inherent to pancreatic surgery. However, over time, 
as both the technology for the newer dVSS improved and 
robotic surgery became an accepted minimally invasive 
approach, there has been renewed interest and increased par-
ticipation by non-MIS pancreatic surgeons in robotic pancre-
atic surgery, as evidenced from the rise in published reports. 
Challenging and complex pancreatic procedures have also 
increasingly been performed with dVSS by high-volume 
pancreatic surgeons [10]. Of all robotic pancreatic proce-
dures, TP presents the most challenging strategic and tactical 
considerations at both preoperative and intraoperative stages. 
RTP was first reported by Giulianotti et al. [11] and followed 
subsequently by others [12–14]. Short-term outcomes for 
RTP were reportedly acceptable in all series (see Table 12.1). 
Two groups reported successful RTP with simultaneous 
autologous islet transplantation. Because of the high com-
plexity of the procedure, these reports were all generated 
from few high-volume pancreatic centers and by highly 
experienced pancreatic surgeons. Since RTP is still in its 
early development stage, there has not yet been an estab-
lished standard approach. Each center had its own strategy 
not only in the technical aspect but also in the setup of the 
dVSS. As such, the technical approach described as follows 
should be considered as just one of the optional techniques 
that has been developed and is proven to be safe and feasible 
by the author.
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 Indications for RTP

The most common indications for RTP are as follows:

Diffuse IPMN with potential malignant changes
Pancreatic cancer involving the body of the pancreas with 

extension into either the head or the tail
Multifocal PNET
Pancreas with diffuse high-grade dysplasia (panIN3) with or 

without hereditary pancreatic cancer
Chronic pancreatitis with intractable pain

 Preoperative Planning

RTP, a biquadrant procedure, demands careful preoperative 
planning starting with proper positioning of the patient, sur-
gical cart (robot), and trocars. This step is crucial, specifi-
cally with the da Vinci Si that is still in use in many facilities 
globally. The system does not permit repositioning of the 
camera into a different trocar unless instruments on each side 
are also moved together. Furthermore, in a multi-quadrant 
procedure, it is necessary to undock and reposition the surgi-
cal cart each time the procedure is changed to the different 
quadrant thus increasing time and reducing efficiency. 
However, with the new dVSS Xi system, some of these 
issues have been solved. The smaller camera can now be 
placed in any 8 mm trocar with instant position recognition 
by the system computer. With robotic arms installed on the 
rotatable boom, the surgical cart can now be parked at one 
position while the boom rotated to accommodate positioning 
of the robotic arms for the corresponding quadrant using the 
automated “target positioning” function. The dedicated oper-
ating table is synched to the robotic surgical system via 

Bluetooth and, therefore, can be adjusted, while it is docked 
to the robot providing additional convenience and 
efficiency.

For most patients with average size, a single docking with 
standard setup for a Whipple’s procedure (Fig.  12.1) can 
generally cover both quadrants. However, for those with 
wide and deep upper abdomen, repositioning of the cart for 
distal pancreatectomy may be required to allow for safe and 
efficient dissection. This principle applies for both the Si and 
Xi systems.

Since robotic surgery is essentially a visual-based (with-
out haptic feedback) surgery, analysis of preoperative imag-
ing studies is critical for strategic and tactical planning of a 
complex procedure such as RTP. If available, 3D rendering 
images of the regional anatomy based on CT or MRI should 
be obtained and studied prior to the surgery.

All patients undergoing RTP should be medically evalu-
ated and optimized for blood sugar and albumin levels. 
Those with severe cardiopulmonary conditions are gener-
ally excluded. Smoking and/or alcohol usage is strictly pro-
hibited at least 2  weeks preoperatively. Timing of 
discontinuing anticoagulation medication especially for a 
postcoronary stenting patient should be discussed with the 
primary cardiologist. Patients can take a minidose aspirin 
(81 mg) until the day of the surgery. For those with high risk 
for DVT, they may be admitted for preoperative heparin or 
its derivative treatment, which can be discontinued at an 
appropriate time preoperatively depending on its half-life.

 Setup of the Robotic Cart and Port Placement

The patient is placed supine in a reverse Trendelenburg posi-
tion with both arms tucked and protected with foam padding 
along the body. Pneumoperitoneum is established with a 

Table 12.1 Comparison of published robotic total pancreatectomy series and current series

Column 1 Giulianotti Galvani Zureikat Boggi
Year published 2011 2014 2015 2015
N 5 6 10 11
Age (years) N/A 41 (22–58) 58 (20–76) 61.8 (50–74)
BMI (kg/m2) N/A 23.2 (18.5–30.1) 28.2 (24.5–29.75) 24.8 (18.4–35.0)
Diagnosis PC 2, IPMN 1, PNET 1, 

CP1
CP 6 (+AIT) PC 1, IPMN 6, CP 

3(+1AIT)
PC 2, IPMN 8, PNET 1

OR time (min) 480 (300–560) 712 (612–835) 560 (461–592) 600 (400–800)
EBL (ml) 300 (50–650) 630 (500–800) 650 (400–1000) 220 (100–450)
LOS (days) 7 (5–10) 12.6 (11–14) 10 (7–10) 27 (12–88)
SP 2 (40%) 4 (66.6%) 2 (20%) 3 (27.2%)
PP N/A 6(100%) 0 10(90.9%)
LGV N/A N/A N/A 11(100%)

N/A information not available, BMI body mass index, EBL estimated blood loss, LOS length of stay, SP spleen preservation, PP pylorus preserva-
tion, PC pancreatic cancer, IPMN intraductal papillary mucinous neoplasm, PNET pancreatic neuroendocrine tumor, CP chronic pancreatitis, AIT 
autologous islet cell transplantation
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Veress needle inserted through a left subcostal stab incision 
or Hasson’s technique if the patient has previous abdominal 
surgery. Four robotic ports and two accessory ports are 
placed as shown in Fig. 12.1.

 Instrumentation
We use bipolar forceps in arm 2, hook or scissors in arm 1 
(scissors have become the author’s preferred instrument), 
and a grasper forceps in arm 3. The robotic cart (Si system) 
is brought directly over the head of the patient with arms 2 

and 3 on the right lateral side of the table (Fig. 12.2). As 
the surgeon assumes his position at the robot console, the 
first assistant stands at the patient’s right side.

 Operative Details

In general, we like to start on the left side with distal pancre-
atic dissection and mobilization and then shift to the right for 
proximal pancreatic resection, once the distal pancreatectomy 

Port placement for rTP

Total robotic pancreatectomy

3
2

C

1

5mm
A2

12mm
A1

da Vinci Cart:

Target anatomy:

Camera port:

Instrument arm #1:

Instrument arm #2:

Instrument arm #3:

Assistant port #1:

Assistant port #2:

C

1

2

3

A1

A2

Fig. 12.1 Port positions are 
shown in the circle. Blue, 
camera port, below the 
umbilicus; green, instrument 
arm 1; yellow, instrument arm 
2; red, instrument arm 3; 
black, assistant ports

Total pancreatectomy setup

Patient position

Reverse trendelenburg, supine

Fig. 12.2 Robot setup for 
total pancreatectomy. The 
patient is placed in 30° 
reverse Trendelenburg 
position. The surgical cart is 
brought in directly over the 
head

12 Robotic Total Pancreatectomy



104

is completed. However, the sequence of steps can and should 
be flexible depending on the circumstance and on the type of 
procedure selected (see Table 12.2).

 Left-Sided Pancreatic Dissection

Pancreatic Exposure
The dissection commences with the opening of the gastro-
colic ligament along the gastroepiploic arcade from the pylo-
rus to the level of the short gastric vessels. The stomach is 
then retracted anteriorly and to the right with arm 3 to expose 
the pancreas. To maximize utilization of arm 3, the stomach 
can also be sutured to the falciform ligament (Fig. 12.3). The 
pancreatogastric fold is divided at this stage for full pancre-
atic exposure. Care is taken to identify and preserve the left 
gastric vein during this dissection. The right gastroepiploic 
vein is then followed toward the pancreas until the Henle’s 
trunk is identified and the root of the superior mesenteric 
vein (SMV) is seen (Fig. 12.4). Gentle dissection in the avas-
cular plane between the anterior wall of the SMV and the 
neck of the pancreas creates a tunnel that leads to the upper 
border of the pancreas and the portosplenic junction.

Dissection and Mobilization of the Pancreas 
and Spleen (Fig. 12.5)
From here, the dissection progresses leftward, along the 
splenic vein and posterior avascular plane of the pancreas, 
toward the pancreatic tail. The splenocolic and splenorenal 
ligaments may be divided at this stage, if splenectomy is 
planned. Otherwise, once the splenic hilum is reached, atten-
tion is turned to the upper pancreatic border.

Dissection of the Superior Pancreas and Splenic 
Vessels (Fig. 12.6)
Umbilical tape may be used to encircle the previously dis-
sected PN for traction, at the surgeon’s discretion. We rou-
tinely perform celiac lymph node dissection, irrespective of 
pathology, to expose the common hepatic artery (CHA), left 
gastric artery and vein, and the splenic artery (SA).

Table 12.2 Abbreviations of procedure

S: Splenectomy
SP: Spleen plus splenic vessels preservation
WSP: Warshaw’s type spleen minus splenic vessel preservation
TP: Total pancreatectomy
  PPTP: Pyloric preserving total pancreatectomy
  PPTP-S: PPTP with splenectomy
  PPTP-SP: PPTP with SP
  PPTP-WSP: PPTP with WSP
  CTP: Classic (distal gastrectomy) total pancreatectomy
   CTP-S-: CTP with splenectomy
   CTP-SP: CTP with SP
   CTP-WSP: CTP with WSP

Suspended stomach

Pancreas

Fig. 12.3 Stomach was suspended to the diaphragm and falciform 
ligament to provide stability of the operative field and to maximize the 
utility of the instrument arm

RGE A&V

GCT

SMV

MCV

Fig. 12.4 Tributaries of the superior mesenteric vein below the pancre-
atic neck. RGE A&V right gastroepiploic artery and vein, GCT gastro-
colic trunk, SMV superior mesenteric vein, MCV middle colic vein

Pancreas

Splenic vein

Jejunum

Fig. 12.5 Completion of posterior dissection of the pancreas showed 
embedded splenic vein
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When splenectomy or WSP is planned, we perform early 
ligation of the splenic vessels near their origin. The PN is 
pulled cranially using the placed umbilical tape, and the 
splenic vein (SV) is then encircled with a vessel loop for 
traction control. Dissection moves superiorly, where the SA 
is dissected free from the pancreas, clipped at its root, or 
divided using a vascular cartridge linear stapler.

After the division of the SA, the vessel loop used to iden-
tify SV is pulled inward, and the vein is then clipped with 
Hem-o-Lok® and subsequently divided.

For an en bloc splenectomy case, short gastric vessels are 
cauterized with bipolar energy and divided. After this point, 
dissection continues as previously described [15, 16] until 
the entire pancreatic body, tail, and spleen are mobilized en 
bloc. Preservation of LGV is recommended for gastric 
venous drainage.

For WSP, meticulous dissection and preservation of LGV 
is crucial in order to ensure both splenic viability and gastric 
venous congestion, as it will become the only reliable splenic 
outflow channel once the main splenic vein is interrupted. 
After LGV is secured, splenic vessels can now be divided. 
Both short gastric vessels and splenocolic ligament, which 
contains the blood supply to the lower pole of the spleen, are 
also preserved in WSP. After the hilar vessels are ligated and 
the distal pancreas is disconnected from the spleen, the 
splenic viability test is performed. Two to four milliliter of 
indocyanine green (25 mg/vial, Patheon Italia S.p.A./HUB 
Pharmaceuticals LLC) is injected IV in the bolus. After 
1–2  min, the dVSS scope illumination is switched to the 
near-infrared mode to assess the perfusion. Perfused spleen 
will illuminate green; otherwise it remains dark.

For SP, the dissection progresses in medial-to-lateral 
direction starting at the portosplenic junction. The pancreas 
is carefully retracted and stabilized with the third arm, while 

it is being dissected free from the vessels (Fig. 12.7). Small 
venous branches can be safely cauterized and divided if their 
dissected length is greater than 1 cm, while shorter veins and 
arterial branches are ligated or clipped. The dissection pro-
ceeds from the pancreatic neck toward the spleen until the 
distal pancreas is completely free from the vessels.

 Right-Sided Pancreatic Dissection: A Caudad 
to Cephalad Approach [17]
A classic distal gastrectomy is performed at this stage if the 
decision is made not to preserve the pylorus. Otherwise dis-
section is carried out along the CHA toward the GDA, 
removing surrounding lymph nodes along the way. Once the 
GDA is encountered, it is dissected free and ligated. The 
right gastroepiploic vessels are next dissected and ligated. 
The duodenum can now be divided with a linear stapler just 
above the head of the pancreas. Next, the transverse mesoco-
lon is carefully separated from the underlying uncinate pro-
cess along the defined tissue plane until the infra-pancreatic 
SMV along with its tributaries is exposed. The gastrocolic 
trunk is carefully dissected toward the SMV and then ligated. 
This will facilitate safe retraction of the SMV during unci-
nate dissection. Hepatic flexure is next mobilized and 
extended Kocherization performed to free the pancreatic 
head, duodenum, and proximal jejunum. If the jejunum can 
be brought behind the mesentery to the right, it can now be 
divided. Alternatively, the jejunum can be located and 
brought up to the lesser sac directly by opening the mesoco-
lon through the avascular portion on the left of the SMA. The 
proximal jejunum is then divided, demesenterized, and then 
brought behind the mesentery to the right subhepatic area. To 
avoid losing the distal jejunum, we routinely attach the prox-
imal and distal stumps together with a long 2-0 silk suture. 

CHA

Splenic A

Fig. 12.6 Dissection of superior aspect of the pancreas with clearance 
of celiac lymph nodes and isolation of splenic artery. CHA common 
hepatic artery

Pancreas

Splenic A

Splenic V

Fig. 12.7 Dissection of distal pancreas with preservation of splenic 
vessels. Transected pancreatic stump was lifted upward to show the dis-
sected pancreas and exposed vessels
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We also place a stay suture between the stomach and the 
jejunal wall, 20 cm from the distal stump, to mark the site of 
the anastomosis. The duodenum is retracted to the right by 
the third arm to expose the uncinate process and its attach-
ment to the superior mesenteric vessels. With the area 
exposed, detachment of the uncinate process from the ves-
sels can now be carried out meticulously using a combina-
tion of monopolar and bipolar energy. The procedure is 
moved on to the hepatic hilum. The gallbladder is dissected 
in a retrograde fashion until the common bile duct is reached. 
The latter is then divided above the cystic duct junction. We 
then rotate the distal pancreas with or without spleen over to 
the right side of the SMV (Fig. 12.8). With the PV fully in 
view, we carefully dissect distal CBD together with sur-
rounding soft tissue away from the vein toward the detached 
pancreas until the entire specimen is freed.

 Reconstruction
The stapled distal jejunum stump is brought up to the hilum 
where an end-to-side hepaticojejunostomy is performed, using 
5-0 PDS in continuous running fashion (Fig.  12.9). A biliary 
stent is used only for small bile duct with diameter less than 
5 mm. Next, the previously marked loop of jejunum is brought 
into the lesser sac through the mesocolic window to anastomose 
to the duodenum (or gastric remnant) using 3-0 V-Loc sutures in 
a traditional two-layer continuous running fashion (Fig. 12.10). 
The anastomotic site, which is approximately 30 cm distal to the 
biliary anastomosis, is then pushed through the same window 
until it is resting under the mesocolon. Interrupted sutures are 
then placed between the edge of the window and the duodenum 
(or stomach) just above the anastomosis to seal the window and 
secure the anastomosis below the mesocolon. This trick prevents 
not only internal herniation but also potential bowel obstruction.

 Specimen Extraction
The specimen is placed in a 15 mm bag and then extracted 
through a small Pfannenstiel incision or an enlarged camera 
port incision. We routinely place a 19 French Blake drain in 
the right subhepatic space adjacent to the biliary anastomosis 
and bring it out through the right lateral port incision.

 Postoperative Care

A post RTP patient should be monitored in the ICU for at 
least 24 h by teamwork that consists of, at least, an intensiv-
ist and an endocrinologist. Blood sugar is meticulously mon-
itored and titrated hourly with insulin drip. Pain management 
with intravenous opioid medication is quite straightforward 
during the first 24  h and may not be needed after that. A 
patient can get out of bed with assistance on the first postop-
erative day and is encouraged to ambulate on the second. NG 
tube is removed on the second postoperative day unless the 
output is greater than 200 ml/8 h shift. Clear liquid diet is 
generally started on the second postoperative day and can be 
advanced to diabetic diet as tolerated. JP drain is removed on 
the third or fourth operative day. Patient is generally dis-
charged on the fifth day if stable. An endocrinologist who 
will also follow the patient in a long-term basis should do the 
order and adjustment of insulin dosage and formula prior to 
discharge. Predischarge comprehensive diabetic education is 
essential in order to prevent complications related to hypo-
glycemic event. As for pancreatic exocrine insufficiency, 
pancreatic enzyme replacement therapy should be initiated 
while inpatient and adjusted accordingly after discharge, 
preferably by a gastroenterologist, depending on the type of 
diet or character of stool (steatorrhea).

HA

CDA
CHA

Celiac

SA

PV

SMVSV

Pancreas

Fig. 12.8 Completely dissected distal pancreas and spleen were 
rotated to the right of the SMV to facilitate the last stage – dissection of 
uncinate process and pancreatic head

Fig. 12.9 Choledochojejunostomy showed completion of posterior 
wall
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Robotic Adrenalectomy

Bora Kahramangil and Eren Berber

 Introduction

Open adrenalectomy used to be the standard of care for adrenal 
tumors prior to the initial report of laparoscopic adrenalectomy 
(LA) by Gagner et al. in 1992 [1]. Over the following years, LA 
has been shown to be safe and efficacious and has become the 
treatment of choice for adrenal tumors [2, 3]. In 1999, Piazza 
et al. [4] and Hubens et al. [5] described robotic adrenalectomy 
(RA) for the first time. Studies have shown comparable out-
comes with RA to LA, and RA is now accepted as a valid alter-
native to LA for the treatment of adrenal tumors [6].

Despite its safety and efficacy, laparoscopic technique has 
certain limitations including handheld unstable camera plat-
form, two-dimensional view, and rigid instruments with lim-
ited motion. Robotic technique, on the other hand, has a 
stable camera platform that provides three-dimensional 
images, and the robotic arms allow seven degrees of freedom 
[7]. Given these advantages over LA, RA looks promising 
and will likely expand the limits of minimally invasive adre-
nal surgery in the future. This chapter reviews the progress 
made so far and also describes our surgical technique.

 Literature Review

Robotic adrenalectomy was first described in 1999 by Piazza 
et al. [4] and Hubens et al. [5] using AESOP 2000 Surgical 
System (Computer Motion Inc., Goleta, CA). Piazza et al. per-
formed a right adrenalectomy for Conn’s syndrome, and 
Hubens et al. performed a left adrenalectomy for Cushing’s 
syndrome. Both studies were from Europe. In the United 
States, the first RA experience was reported from the Cleveland 
Clinic in a preclinical study on pigs [8]. Following the FDA 
approval of the da Vinci Robotic System (Intuitive Surgical 
Inc., Sunnyvale, CA) for general surgical procedures, Horgan 

et al. reported a series of 34 robotic general surgical proce-
dures including one bilateral adrenalectomy [7]. In the follow-
ing years, many other studies on RA have been published 
[9–19]. The perioperative parameters of studies with at least 
30 patients were summarized (Table 13.1). Below is a chrono-
logical discussion of important studies in this field.

In 2004, Morino et al. [9] conducted a prospective ran-
domized controlled trial to assess the benefits and disadvan-
tages of RA.  In this study of 20 patients, 10 patients were 
assigned each to laparoscopic adrenalectomy (LA) and 
RA.  RA group was found to have a longer operative time 
(169.2 min vs 115.3 min, p < 0.001) and higher total cost 
($3467 vs $2737, p < 0.01) than LA group. Length of post-
operative stay was reported to be similar (5.7 vs 5.4 days, RA 
and LA, respectively, p = NS).

Winter et al. [10] published a prospective study of 30 RAs 
in 2006. Mean operative time was 185 min, and operative 
time decreased by 3 min with each operation. Perioperative 
morbidity was 7%, and conversion to open adrenalectomy or 
laparoscopy was not required in any case. No significant dif-
ference in hospital charge was found between robotic, lapa-
roscopic, and open adrenalectomy ($12,977, $11,599, and 
$14,600, respectively, p = NS).

Brunaud et al. [11] studied the learning curve of RA in a 
prospective evaluation of 100 RAs in 2008. Mean operative 
time was reported to be 95  min and conversion rate 5%. 
Morbidity rate was 10% without any mortality. Mean opera-
tive time was found to decrease by 1 min for every 10 cases, 
and the improvement in operative time after the first 50 cases 
was greater in junior than senior surgeons (p = 0.006). The 
predictors of operative time were surgeon experience, first 
assistant training level, and tumor size.

In 2011, Nordenstrom et al. [13] reported their RA experi-
ence in a prospective study of 100 patients. Conversion rate 
was 7% and postoperative complication rate was 13%. 
Median operative time was reported to be 113 min and con-
sole time 88 min. The console time decreased as the number 
of patients operated increased, suggesting a learning curve 
(r = 0.37, p < 0.001).
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Later same year, Giulianotti et al. [12] published the results 
of a single-surgeon 43-patient RA series. Mean lesion size was 
5.5 cm, with tumors as large as 10 cm successfully removed 
robotically. Overall, morbidity and mortality rates were 2.4%, 
and there were no conversions. Mean operative time was 
reported to be 118 min and median hospital stay 4 days. Given 
good postoperative outcomes, the conclusion was RA would 
be a valid treatment option for adrenal tumors and would pos-
sibly expand the limits of minimally invasive adrenal surgery.

Our group compared the outcomes of RA with LA in 
2012 [16]. Each group had 50 patients, 32 approached LT, 
and 18 approached PR.  In LT approach, RA was found to 
have similar operative time to LA (168 vs 159 min, p = NS) 
despite larger tumor size (4.7 vs 3.8 cm, p = 0.05). In PR 
approach, both tumor size (2.7 vs 2.3, p = NS) and operative 
time (166 vs 170, p = NS) were similar. For both approaches, 
the docking time for robot was found to decrease by 50% by 
the second year of the study. Overall, RA resulted in shorter 
hospital stay (1.1 vs 1.5, p = 0.006) and similar complication 
rates (2% vs 10%, p = NS). Same year, we also reported a 
comparison of RA (n = 31) and LA (n = 31) in PR approach, 
specifically [14]. For all patients, operative times were simi-
lar (163.2 vs 165.7 min, p = NS). However, when the first 10 
RA patients were excluded (i.e., after initial learning curve), 
RA had significantly shorter operative time (139.1 vs 
166.9 min, p = 0.046). Also, PR RA resulted in less pain on 
postoperative day #1 (2.5 vs 4.2 mean pain score, p = 0.008) 
with similar pain of postoperative day #14 (p = NS).

D’Annibale et al. published a series of 30 unilateral trans-
peritoneal RAs in 2012 [15]. Their results were comparable 
with the previous studies with a mean tumor size of 5.1 cm. 
6.6% intraoperative complication rate and 10% hospital mor-
bidity without mortality were reported. Rate of conversion to 
open adrenalectomy was 3.3%, and the mean hospital stay 
was 5.2 days. As with previous studies, reduction in operative 
time was noted with increasing number of operations.

In 2013, our group compared the outcomes of RA and LA 
in obese patients in a study of 99 patients with BMI ≥ 30 kg/

m2 [17]. Forty-two patients that underwent RA and 57 that 
underwent LA were comparable in tumor properties and 
demographics except for slightly lower BMI in robotic group 
(35.4 vs 38.8  kg/m2, p  =  0.01). Perioperative parameters 
including operative time (186.1 vs 187.3 min, RA and LA, 
respectively, p = NS), estimated blood loss (50.3 vs 76.6 ml, 
p = NS), hospital stay (1.3 vs 1.6 days, p = 0.06), conversion 
rate (0% vs 5.2%, p = NS), and 30-day morbidity (4.8% vs 
7%, p = NS) were found to be similar.

Again in 2013, Pineda-Solis et al. compared RA with LA 
in a prospective study of 60 patients [18]. Each group had 30 
patients and were comparable in demographic and patho-
logic parameters except for more pheochromocytomas in LA 
group (43% vs 17%, p = 0.02). RA was found to have longer 
operative time than LA (190 vs 160 min, p = 0.003). A trend 
for less blood loss was noted in RA; however it did not reach 
statistical significance (30 vs 55 ml, p = 0.07). Morbidity and 
length of hospital stay were similar in RA and LA. No mor-
tality was recorded. It was concluded that RA was feasible 
and safe given comparable outcomes to LA.

Brandao et al. reported a retrospective comparison of 30 RAs 
and 46 LAs in 2014 [19]. Groups were comparable except for 
smaller median tumor size in RA group (3 cm vs 4 cm, p = 0.02). 
Less intraoperative blood loss was noted in the RA group (50 vs 
100  ml, p  =  0.02). Other perioperative parameters including 
operative time (120 vs 120  min, RA and LA, respectively, 
p = NS), length of stay (2 vs 2.5 days, p = NS), rate of postop-
erative complication (20% vs 10.9%, p = NS), and conversion 
rate (0% vs 2.3%, p = NS) did not significantly differ between 
groups. Overall, good postoperative outcomes recapitulated the 
safety and efficacy of RA for the treatment of adrenal tumors.

Finally, in 2016, Morelli et  al. [20] compared 41 RAs 
with 41 LAs in a case-control study. Groups were compara-
ble in terms of demographics and pathology. RA group had 
shorter operative time than LA group (177.2 vs 207.1 min, 
p = 0.047). On subgroup analysis, RA was found to result in 
shorter operative time in patients with tumors larger than 
6 cm (p = 0.002), BMI ≥ 30 kg/m2 (p = 0.009), and previous 

Table 13.1 Summary of perioperative parameters in studies with more than 30 patients undergoing robotic adrenalectomy

Study
Number of 
patients Approach

Tumor size, cm 
(mean)

Conversion 
rate

Operating time, 
minutes (mean)

Complication 
rate

Hospital stay, days 
(mean)

Brunaud et al. [11] 100 LT 2.9 ± 1.9 5% 95 ± 27 10% 6.4 ± 3.0
Nordenstrom et al. [13] 100 LT 5.3 (median) 7% 113 (median) 13% Not reported
Karabulut et al. [16] 50 LT, PR 3.9 ± 0.3 1% 166 ± 7 2% 1.1 ± 0.3
Giulianotti et al. [12] 42 LT 5.5 ± 2.5 0% 118 ± 46 4.8% 4 (median)
Aksoy et al. [17] 42 LT, PR 4.0 ± 0.4 0% 186.1 ± 12.1 4.8% 1.3 ± 0.1
Morelli et al. [20] 41 LT 4.9 ± 3.1 0% 177.2 ± 57.0 4.8% 3.3 ± 1.1
Agcaoglu et al. [14] 31 PR 3.1 0% 163.2 0% 1 (median)
Winter et al. [10] 30 LT 2.4 (median) 0% 185 7% 2 (median)
Pineda-Soliset al. [18] 30 Not 

reported
3.2 ± 2.1 0% 189.7 ± 32.7 0% 1.3 ± 0.5

Brandao et al., 2014 [19] 30 LT 3.0 (median) 0% 120 (median) 20% 2 (median)

LT lateral transabdominal, PR posterior retroperitoneal
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history of abdominal operation (p = 0.042). Multiple regres-
sion model confirmed the decreased operative time with RA 
in patients with tumors larger than 6 cm (p = 0.01).

 Preoperative Planning

Preoperatively, all patients undergo abdominal CT scan and 
a thorough hormonal workup for the adrenal mass. Patients 
with pheochromocytoma require 3 weeks of α-blockade with 
phenoxybenzamine preoperatively. In patients with primary 
hyperaldosteronism, lateralization of the disease may require 
adrenal venous sampling in select patients.

At our institution, selection between PR vs TL approach 
is made according to a laparoscopic selection algorithm we 
have previously reported [21]. This algorithm takes into con-
sideration the preoperative CT as well as the preoperative 
examination. We prefer LT approach in patients with tumors 
larger than 6  cm. In patients with smaller tumors, PR 
approach is preferred if the measured distance on CT scan 
between the skin and Gerota’s fascia is less than 7 cm and the 
12th rib is rostral to the renal hilum. Meeting these criteria 
allows efficient movement of the robotic arms after docking. 
Also, PR approach is preferred in patients with bilateral 
tumors and with extensive adhesions from prior abdominal 
surgeries. When patients are selected appropriately, both 
approaches have comparable outcomes [16].

 Setup

 Robotic Posterior Retroperitoneal 
Adrenalectomy

The patient is placed on a Wilson frame in prone jackknife 
position after intubation and administration of anesthesia. 

An incision is made below the 12th rib, and a 12 mm optical 
trocar is introduced (Fig.  13.1). After entering Gerota’s 
space, the optical trocar is removed and a balloon trocar is 
inserted. With the help of the balloon trocar, a potential 
space is created under direct visualization. Then, the bal-
loon trocar is removed, and the space is insufflated with CO2 
to a pressure of 15 mmHg. On medial and lateral sides of the 
first trocar, two more 5 or 8  mm trocars are placed. 
Depending on surgeon’s preference, one more 5 or 8 mm 
trocar can be inserted for the first assistant. For docking, the 
robot is brought in from the head-side end of the table, in 
between the patient’s shoulders. Fine adjustment is made 
depending on the location of the adrenal gland. When man-
dated by the patient’s anatomy, the operating table may be 
rotated.

 Robotic Lateral Transabdominal 
Adrenalectomy

The patient is intubated and anesthesia is administered. Then, 
the patient is placed on right or left lateral decubitus position 
on a beanbag, and the table is flexed at the flank. An incision 
is made midway in between the umbilicus and the costal mar-
gin, and a 12  mm optical trocar is introduced (Fig.  13.2). 
After the peritoneal space is entered, the abdomen is insuf-
flated with CO2 to a pressure of 15 mmHg. Following insuf-
flation, two 8 mm and one 15 mm trocars are inserted below 
the costal margin in a configuration that would allow the first 
assistant to operate the suction/irrigation device and the clip 
applier when needed. Usually, the assistant port is the most 
medial one for right-sided and the most lateral one for left-
sided tumors. In obese patients and in patients with short stat-
ure, the position of the first assistant trocar may be changed as 
needed. In obese patients, adequate retraction is critical. For 
right-sided tumors, retraction is maintained by a self-retain-

a b c

Fig. 13.1 Intraoperative photos demonstrating the placement of tro-
cars for bilateral robotic adrenalectomy through posterior retroperito-
neal approach. (a) Placement of trocars for right adrenalectomy. (b) 

Placement of trocars for left adrenalectomy. (c) Picture showing bilat-
eral trocar placement sites after skin closure
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ing laparoscopic liver retractor introduced through a 5 mm 
port. For left-sided tumors, the fourth robotic arm is used for 
retraction. For docking, the robot is brought in from above the 
ipsilateral shoulder. The operating table may be rotated 
depending on the patient’s anatomy.

 Procedure

 Robotic Posterior Retroperitoneal 
Adrenalectomy

We use a hybrid laparoscopic-robotic technique (Fig. 13.3). 
In this hybrid technique, the exposure of the retroperitoneal 
space and the retrieval of the specimen after completion of 
dissection are done laparoscopically. The dissection of the 
adrenal gland is carried robotically.

Ports are positioned as described in the setup, and the ret-
roperitoneal space is developed using laparoscopic instru-
ments. Following adequate exposure, laparoscopic ultrasound 
is performed to help localize the adrenal gland. After 
 completion of the ultrasound, the robot is docked. A robotic 
grasper is introduced from the lateral port and a robotic vessel 
sealer from the medial port. The instruments may be changed 
as needed. First, superior and lateral borders of the adrenal 
gland are dissected. Next, the inferior border is mobilized, 
and the medial border is dissected the last. The adrenal vein is 

identified and divided depending on its size either with the 
vessel sealer or with 5 mm clips deployed by the first assis-
tant. If clips are used, they can be introduced through the first 
assistant port. When a first assistant port is not present, the 
vessel sealer is removed temporarily and the medial port can 
be used for this purpose. When needed, suctioning can be 
done in a similar manner. After the completion of dissection, 
the robot is undocked, and the specimen is removed laparo-
scopically using a specimen retrieval bag. Tumors larger than 
3 cm can be morcellated to help with removal. The fascial 
incision for the 12 mm port and all skin incisions are closed.

 Robotic Lateral Transabdominal 
Adrenalectomy

As in PR approach, a hybrid laparoscopic-robotic tech-
nique is utilized. Initial hepatic/splenic mobilization and 
removal of the specimen after completion of dissection are 
done laparoscopically. The adrenal gland is dissected 
robotically.

Ports are positioned as described in the setup. For left-
sided tumors, the splenocolic and splenorenal ligaments need 
to be divided to expose the adrenal gland. For right-sided 
tumors, the right triangular ligament is divided and the liver is 
mobilized. This initial exposure is performed laparoscopi-
cally. After adequate exposure, laparoscopic ultrasound is 

a b

Fig. 13.2 Intraoperative pictures describing the placement of trocars 
for left robotic adrenalectomy through lateral transabdominal approach. 
For left adrenalectomy, the patient is placed in right lateral decubitus 

position. (a) Preoperative marking of trocar placement sites. (b) Photo 
demonstrating the surgical setup after completion of docking
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performed. The robot is docked after completion of the ultra-
sound. As in PR approach, the superior and lateral borders are 
dissected first, followed by the inferior, and finally the medial 
border (Fig. 13.4). The adrenal vein is divided either with the 
vessel sealer or by applying clips. After completion of adrenal 
dissection, the robot is undocked. The tumor is removed lapa-
roscopically using a specimen retrieval bag. Twelve millime-
ter trocar fascial incisions and all skin incisions are closed.

 Postoperative Care

Most patients require an overnight hospital stay. Diet is 
started in the recovery room, narcotics avoided, and 

ambulation encouraged. Next morning, a complete blood 
count and a basic metabolic panel are obtained. Patients 
with Cushing’s syndrome are started on stress dose ste-
roids and discharged home on oral hydrocortisone. 
Patients without evidence of Cushing’s have their cortisol 
levels checked the next morning. If greater than 10 μg/dl, 
oral steroids are not required at discharge. If the patient 
exhibits signs of adrenal insufficiency or AM cortisol 
level is less than 10 μg/dl, the patient is placed on steroids 
and needs to follow up with endocrinology. Patients with 
primary hyperaldosteronism also have their aldosterone 
and renin levels checked the next morning. Catecholamine 
levels in patients with pheochromocytoma are checked in 
a month and then annually.

a b

c d

Fig. 13.3 Preoperative CT scan and intraoperative captures of a 4.6 cm 
right adrenal cyst removed robotically through posterior retroperitoneal 
approach. (a) Preoperative CT scan showing the right-sided adrenal 
cyst. Arrow points at the lesion. (b) Intraoperative laparoscopic ultra-
sound for the localization of the adrenal gland. (c) Dissection of the 

tumor with the help of a robotic grasper (on the left-hand side) and a 
robotic vessel sealer (right-hand side). Suction/irrigation device (at the 
bottom) is operated laparoscopically by the first assistant. (d) Division 
of the adrenal vein using the robotic vessel sealer
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Robotic Right and Left Colectomy

Sandeep S. Vijan

 Introduction

Approximately 135,000 individuals in the United States are 
diagnosed with colorectal cancer every year [1]. Surgical 
colectomy is the centerpiece of care for most patients. Our 
role as surgeons is integral to battling this disease that claims 
50,000 lives annually [1]. Our surgical principles teach 
us to provide a safe, oncologic operation, with a steadfast 
recovery and return to normal function. Today, we can all 
agree that a minimally invasive approach fulfills these cri-
teria [2]. Robotic surgery aims to increase the penetrance 
of minimally invasive surgery. Enhanced 3D visualization 
and wristed instrumentation allow a 50% increase in man-
ual dexterity and a 93% reduction in skills-based errors [3]. 
Despite these technological advancements, robotic surgery 
has been surrounded by a shroud of controversy. In colorec-
tal surgery, multiple studies [4–6] have demonstrated safety, 
efficacy, and oncologic adequacy; however lack of improve-
ment in clinical outcomes and apparent increased costs 
[7] have weighed on the practice. More recently, however, 
clinical improvements in terms of lower conversion rates, 
especially in obese, male patients, with low rectal cancers 
[8] and reductions in length of stay in complicated diver-
ticulitis [9] have been documented. This seemingly parallels 
my personal clinical experience; and I propose that earlier 
studies have been limited by older generation machines and 
the lack of routine application of intracorporeal anastomotic 
techniques. Despite sequential years of controversy, robotic 
surgery today is more widely utilized than ever before. The 
newer robots (da Vinci Xi©, Intuitive Surgical, Sunnyvale, 
CA) are more efficient and agile and have extended range 
of motion. These features allow for single docking opera-
tions in multiple abdominal quadrants and the performance 
of a routine intracorporeal anastomosis. It is the feasibil-
ity of this internal anastomosis construct that has proven  

reductions in length of hospital stay, postoperative narcotic 
use, accelerated gastrointestinal recovery, and lower wound 
morbidity [10–12]. Even more relevant in the longer term 
is the decreased incisional hernia risk with non-midline 
specimen extraction [13] or even natural orifice (trans-anal) 
extraction that is facilitated by a robotic approach. In the 
following chapter, I share the robotic surgical techniques 
for a true minimally invasive right and left hemicolectomy, 
with an completely intracorporeal anastomosis, so that your 
patients may benefit as much as mine.

 Indications and Contraindications

The indications for a robotic colectomy in surgical practice 
are similar to traditional open or laparoscopic techniques. 
While malignant neoplasm is a common indication, benign 
adenomatous polyps often require a colectomy, especially 
those larger than 1 cm, sessile, or simply not amenable to 
endoscopic resection for anatomic or technical reasons. 
Benign polyps with suspicious pathologic features also war-
rant colectomy, due to the risk of occult malignancy. 
Diverticular disease, inflammatory bowel disease, and 
enteric duplication cysts round up the other common indica-
tions for surgical colectomy.

More importantly, however, are the contraindications to a 
minimally invasive colectomy. Most contraindications are 
relative but ultimately rest on accurate localization of dis-
ease, patient’s comorbid conditions, and surgeon expertise. I 
usually refrain from robotic colectomy in cases of intestinal 
obstruction and multi-visceral organ involvement and for 
patients in whom prolonged pneumoperitoneum is deemed 
unsafe. Intestinal obstructions pose very specific surgical 
challenges. Namely, lack of operative domain due to dilated 
bowel and friability of bowel, resulting in increased risk of 
iatrogenic injury with minimal instrument manipulation. 
Multi-visceral resections are certainly selectively possible, 
robotically, but these are not the cases to initiate your prac-
tice. Lastly, patients at risk of intra-abdominal adhesive 
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 disease, such as those whom have had multiple prior lapa-
rotomies, should be approached with caution and evaluated 
by diagnostic laparoscopy to judge the feasibility of a robotic 
procedure.

 Surgical Planning

A thorough history and physical, basic blood work including a 
serum carcinoembryonic antigen and axial imaging are essen-
tial for all cancer patients. Of utmost importance in the era of 
robotic colectomy is localization of disease. There is little to 
no haptic feedback with current robotic instrumentation. The 
extent of resection in robotic colectomy must be determined 
well before any surgical incision is made. Polyps and smaller 
neoplasms must be accurately localized on colonoscopy, and I 
encourage my fellow gastroenterologists to routinely, and lib-
erally, tattoo (with India ink) both the proximal and distal mar-
gin of any suspicious lesions. The tattoo marks usually stay in 
situ for several months after the index endoscopy. If there is 
any concern regarding the location of a lesion, then enhanced 
CT abdomen and pelvis with rectal contrast or a barium enema 
can be of immense value. As a last resort, certain patients will 
need a repeat colonoscopy by the surgeon, for surgical plan-
ning. Although this is uncomfortable and duplicative for our 
patients, it is often a necessary step to facilitate an oncologi-
cally appropriate, minimally invasive operation.

Bowel preparation in colorectal surgery has been the 
source of much debate over the last few decades. However, 
contemporary data from the National Surgical Quality 
Improvement Project has clearly demonstrated that the use 
of a mechanical bowel prep in conjunction with oral antibiot-
ics reduces nearly by half the risks of surgical site infection, 
anastomotic leakage, and postoperative ileus [14]. Hence, as 
a routine, combination of mechanical and antimicrobial 
bowel preparation is recommended for all patients undergo-
ing a robotic colectomy.

 Robotic Instrumentation and Technology

Currently, the only FDA-approved surgical robots that are 
capable of intestinal surgery are the da Vinci Si© and Xi© 
machines (Intuitive Surgical, Sunnyvale, CA). The surgical 
techniques described in this chapter will revolve entirely 
around these machines and their many accouterments. The 
majority of the text is devoted to the Xi system, which is my 
robot of choice to facilitate an efficient colectomy. Before we 
continue, it is essential to devote some time to a discussion 
around the variety of instruments that are necessary for a 
robotic colectomy.

 Grasping Forceps

Two graspers are necessary in a robotic colectomy. A Cadiere 
(Si) or Fenestrated Bipolar (Xi) grasper is usually my left-
handed instrument. Both harness the power of bipolar energy 
and have similar short lengths (28  mm) and medium jaw 
closing strength. They are atraumatic to healthy bowel. My 
right-handed instrument is a large grasping forceps (Si) or 
Tip-Up fenestrated grasper (Xi). Both are devoid of energy, 
are longer, and have even lower jaw closing strength. These 
are also atraumatic to any bowel.

 Energy Devices

Monopolar energy with a da Vinci Endowrist® scissor is 
used throughout a robotic colectomy, much like a laparo-
scopic scissor, however more versatile due to the addition of 
an articulating wrist. The da Vinci Endowrist® Vessel Sealer 
is a bipolar energy device, coupled with a knife. Similar in 
principle to the more familiar LigaSure™ (Covidien/
Medtronic, Minneapolis, MN), it will coagulate vessels 
safely unto 7 mm diameter and then is able to divide the tis-
sue. Key difference emerges with the articulated wrist that 
allows for 90° approaches to vascular pedicles. It operates 
much cooler than its contemporaries, and lateral thermal 
spread is very minimal. Of special note, I find the jaws to be 
essentially bulky, allowing for its use as a blunt dissector. It 
is my instrument of choice for the entire mesenteric ligation 
portion of the procedure.

 Stapler

The da Vinci Endowrist® 45 mm stapler is a significant step 
forward in stapling technology.

Although shorter than traditional laparoscopic staplers, its 
greater articulation allows for reach in tight quarters such as 
the pelvis. In comparison to currently available laparoscopic 
staplers, using the robotic stapler is both cost-effective, and 
there is a clear trend in decreasing anastomotic leakage (not 
statistically significant) [15]. Central to this trend is 
SmartClamp® technology, which gives immediate feedback 
to the user regarding the adequacy of stapler sealing. This 
allows for real-time adjustments to the amount of tissue 
being stapled and the potential to upsize staple cartridge 
thickness if clinical necessary. Vascular (white, 1 mm closed 
staple height) and bowel (blue, 1.5 mm, and green, 2 mm, 
closed staple height) cartridges are available. This stapler 
provides two secure rows of staples on either side of tran-
sected tissue.
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 Needle Driver

There are two types of needle drivers available for robotic 
use. A Mega Needle driver has a small cutting knife in the 
proximal joint, whereas a Large Needle driver is bladeless. 
Both have articulating wrists and provide significant dexter-
ity during intracorporeal suturing. A word of caution, these 
are traumatic instruments and should never be used to grab 
intestines or any vulnerable anatomic structure.

 Firefly® Technology

Standard equipment on the Xi robot, and an add-on technol-
ogy for the Si machine, is fluorescence angiography. 
Intravenous administration of 8 mg indocyanine green dye 
during colectomy will provide real-time information on ade-
quacy of vascular perfusion. “Firefly mode” allows the sur-
geon to visualize mesenteric and intestinal perfusion, which 
will fluoresce bright green. Perfusion is obvious within 60 s 
of administration and valid for 2–3 min. Emerging data pro-
poses that use of this new technology could decrease the risk 
of anastomotic leakage [16]. I use this technology routinely 
during colectomy both before staple transection and after 
construction of anastomosis.

 Right Colectomy

 Surgical Position and Setup

The patient is positioned supine and secured on the operating 
room table. Pressure points are padded. Arms are preferably 
tucked on both sides. Laparoscopic access can be obtained 
using a traditional cutdown technique or an optical trocar 
system. My preference is optical access in the left subcos-
tal area; the disposable trocar can then be exchanged for a 
metal 12 mm robotic trocar. The operative table is then repo-
sitioned to 30° Trendelenburg and 30° of left tilt. A robotic 
colectomy is a four-arm procedure; hence four robotic trocars 
are necessary. Port positions and trocar sizes are depicted 
in Figs. 14.1 and 14.2, for Xi and Si systems, respectively. 
Three 8 mm trocars are routine, with a 12 mm trocar used 
for the robotic stapler. An optional 5 mm assistant trocar site 
is also demonstrated, to assist with retraction and suction. 
The versatile, boom-mounted, Xi robot can be docked from 
any angle, either from the left or right side of the patient. 
However, the Si robot must be docked over the right hip or 
right shoulder. Xi robotic instruments are inserted under lap-
aroscopic visualization as follows: arm 1 holds a Fenestrated 
Bipolar grasper, arm 2 holds a 30° camera, and arm 3  

sequentially holds the monopolar scissor, then the Vessel 
Sealer, and eventually a needle driver. Arm 4 holds a Tip-Up 
grasper, later exchanged with a robotic 45 mm blue load sta-
pler. At this point, the surgeon commences the operation at 
the robotic console. The assistant remains as bedside, usually 
on the left side of the patient.

 Initial Mobilization

The aforementioned setup allows the best visualization for 
a medial-to-lateral mobilization of the right colon. If the 
surgeon is more comfortable with a lateral-to-medial 
approach, this too is easily accomplished with an identical 
trocar setup. More often, a hybrid approach is necessary. 
The cecum is grasped with the Tip-Up grasper and retracted 
anteriorly. The small bowel is swept to into the left upper 
quadrant. This exposes the root of the cecal mesocolon, 
wherein the ileocolic pedicle is visualized. Using the 

Fig. 14.1 Right colectomy trocar positions, Xi
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monopolar scissor, the peritoneum over the base of the 
ileocolic pedicle is incised (Fig. 14.3), extending caudally 
into the mesentery and cranially into naturally occurring 
clear space in the mesocolon. Using blunt dissection with 
the scissors as the right-handed instrument and the 
Fenestrated Bipolar grasper as the left-handed instrument, 
we can enter the space between the mesocolon and retro-

peritoneum. There mere presence of pneumoperitoneum 
facilitates this dissection. The correct plane is identified by 
wisps of tissue resembling a cobweb and the near absence 
of bleeding. At this point, the ileocolic pedicle can be 
divided at its base using the Vessel Sealer, or robotic clips, 
or even a vascular load robotic stapler, inserted into arm 4. 
The next step is to identify the left ureter and duodenum in 
this dissected plane. Great care must be taken to preserve 
both these structures in their entirety. Using the scissors or 
Vessel Sealer as a blunt instrument, the entire hemicolon 
can be mobilized from the terminal ileum to the hepatic 
flexure, until the white line of Toldt is completely divided. 
At this point, the hepatic flexure is retracted caudally with 
the Tip-Up grasper, and the lesser sac is entered through 
the gastrocolic omentum with the Vessel Sealer. Dissection 
is continued to divide the hepatocolic ligament and com-
pletely mobilize the hepatic flexure of the colon. Position 
change of the patient reverse Trendelenburg is not usually 
necessary given the minor degree of Trendelenburg used at 
the beginning of the case.

 Mesocolic Vascular Ligation and Transection

Once mobilization is complete, the Vessel Sealer is used to 
divide the mesentery of the terminal ileum and ligate the 
right colic pedicle and associated mesocolon, proceeding to 
the right branch of the middle colic vessels (Fig. 14.4). Of 
note, mesentery of the terminal ileum should be taken 25 cm 
proximal to the ileocecal valve for an adequate lymphade-
nectomy. The robotic 45 mm stapler, blue load, is introduced 
into arm 4, after removing the Tip-Up grasper. Division of 
the proximal transverse colon requires two staple loads, and 
division of three terminal ileum requires an additional load. 
Sites of transection are guided by extent of mesenteric clear-
ance and use of Firefly®. The divided and disconnected 
specimen can be left in situ or, if bulky, placed over the right 
lobe of the liver, for later extraction.

Fig. 14.2 Right colectomy trocar positions, Si

Fig. 14.3 Identification of ileocolic pedicle to begin mobilization

Fig. 14.4 Division of right branch of middle colic vessels
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 Intracorporeal Anastomosis

After ensuring that the terminal ileum is mobile, by dividing 
its retroperitoneal attachments, the anastomosis can be con-
structed. The ileum must be brought up to the right upper 
quadrant and placed in an isoperistaltic or antiperistaltic 
fashion, adjacent to the transverse colon. Using a robotic 
needle driver and a single 2-0 silk suture (cut to 15 cm), the 
anti-mesenteric surfaces must be approximated. This silk 
suture serves as an anchor to suspend the bowel loops anteri-
orly, with a Tip-Up grasper, typically in arm 3. Next, a mono-
polar scissor is inserted in arm 4, and a 1 cm enterotomy and 
colotomy are made, adjacent to each other, approximately 
45 mm away from the anchoring silk. As long as the patient 
has received a bowel prep, the pneumoperitoneum (which is 
greater than intraluminal pressure) prevents enteric spillage. 
Another blue load of the robotic stapler is then inserted 
through arm 4, and a side-to-side ileocolic anastomosis is 
created (Fig. 14.5). The common channel or stapler access 
enterotomy then must be closed. My preference is to use an 
absorbable 3-0 V-Loc™ (Covidien, Minneapolis, MN), 9 
inches long, with a robotic needle driver in arm 4, to close 
the defect (Fig.  14.6). A two-layered closure is recom-
mended: the first layer approximates mucosa and submuco-

sal, and the second layer is a buttress of seromuscular 
Lembert. Alternatively, this can be closed with an additional 
blue stapler load. The mesenteric defect is not closed rou-
tinely. The anastomosis is wrapped in a tongue of omentum 
and allowed to anatomically retract into the right upper 
quadrant, where it is under least tension.

 Specimen Extraction

Once the anastomosis is constructed, secure hemostasis is 
achieved; arm 1 is undocked, and the specimen is grasped by 
the assistant using a locking laparoscopic bowel grasper. The 
surgeon now scrubs back to the patient’s bedside, the remain-
ing robotic instruments are removed, and the robot is 
undocked and stowed. All trocars are removed. The trocar 
site of arm 1 is expanded medially using a Pfannenstiel tech-
nique. A wound protector is inserted, and the specimen is 
removed. The specimen is oriented for the pathologist and 
sent off for review in formalin. The fascia of the specimen 
extraction site is closed with running absorbable suture. The 
fascia of the left upper quadrant 12 mm trocar site must also 
be closed. Skin is closed, dressings are applied, and the oper-
ation is deemed complete.

 Left (Sigmoid) Colectomy

 Surgical Position and Setup

After induction of general anesthesia, the patient is posi-
tioned in lithotomy using Allen stirrups, taking off the foot 
piece of the operating table. Arms are preferably tucked; 
pressure points must be padded. It is important to secure the 
patient to the operating table with a safety strap or nonslip 
padding. Port positions and trocar sizes are depicted in 
Figs. 14.7 and 14.8, for Xi and Si systems, respectively. With 
that schema in mind, I commence the operation in the right 
lower quadrant, with a transverse 3–4 cm skin incision over 
McBurney’s point. A muscle-splitting approach is used, 
much like the approach to a traditional appendectomy. Once 
access to the abdomen is accomplished, an Alexis® wound 
retractor (Applied Medical, Rancho Santa Margarita, CA) 
with its cap cover is placed in this incision. This site is 
extremely multifunctional, as the initial camera port, stapler 
port, anvil introduction site, specimen extraction site, and 
ultimately a diverting loop ileostomy site if indicated. A 
12 mm robotic trocar is inserted directly through the cap, and 
pneumoperitoneum is insufflated. At this point, I tend to use 
a little more Trendelenburg, 35°–40°, with 35° of right tilt in 
a left colectomy, than in right colectomy. Three additional 
8 mm robotic trocars are placed, creating a gentle half-moon 
or oblique line, parallel to the sigmoid colon. An optional 

Fig. 14.5 Creation of a side-to-side isoperistaltic stapled ileocolic 
anastomosis

Fig. 14.6 Intracorporeal suture closure of common enterotomy
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5 mm assistant port is usually placed laterally in the right 
abdomen, behind the 12 mm trocar site. Once again, the Xi 
robot can be docked from either side, but the Si must be 
docked over the left hip. Xi robotic instruments are inserted 
under laparoscopic visualization as follows: arm 1 holds a 
Tip-Up grasper, arm 2 holds a Fenestrated Bipolar grasper, 
and arm 3 sequentially holds the 30° camera and then is 
replaced by a robotic 45 mm blue load stapler. Arm 4 holds a 
monopolar scissor, later exchanged with a Vessel Sealer. At 
this point, the surgeon retreats to the robotic console. The 
assistant remains as bedside, typically on the right side of the 
patient.

 Initial Mobilization

The sigmoid colon is grasped with the Tip-Up grasper and 
retracted anteriorly; and the small bowel is swept into the 
right upper quadrant, clearing the pelvic brim. Using the 
monopoly scissor, the peritoneum over the root of the sig-
moid mesocolon is incised. The inferior mesenteric artery 

pedicle is identified and dissected free, during the medial-
to-lateral blunt dissection (Fig.  14.9). Here, the left ureter 
should be identified in the retroperitoneum (Fig.  14.10). 
As the cobweb tissue is blunt dissected, the mesocolon is 
retracted anteriorly, and the retroperitoneum is pushed 
posteriorly. The large jaws of the Vessel Sealer, inserted 
through arm 4, in lieu of the scissor, are perfect for this blunt  

Fig. 14.7 Left colectomy trocar positions, Xi
Fig. 14.8 Left colectomy trocar positions, Si

Fig. 14.9 Isolation of inferior mesenteric artery pedicle
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dissection. As mobilization proceeds proximally to the 
splenic flexure, the Tip-Up grasper (arm 1) is used to retract 
the descending colon medially and caudally. The vessel 
sealer is used to divide the anterior abdominal wall adhe-
sions of the splenic flexure and the spleno-colic ligament. 
Without table position change, even entry into the lesser sac 
is possible through the gastrocolic omentum. As the splenic 
flexure is mobilized and retracted medially, the inferior 
mesenteric vein comes into view. Given this anticipation 
of an intracorporeal anastomosis, extensive splenic flexure 
mobilization is rarely necessary, as the colon will not need 
to be exteriorized at all. Next, the scissor is reintroduced in 
arm 4, and the lateral sigmoid colon adhesions are divided, 
and mobilization is complete unto the white line of Toldt. 
Incising the  peritoneum on either side of the upper rectum 
allows the pneumoperitoneum to expose the lateral upper 
rectal stalks which, based on surgical anatomy, may or may 
not need to be divided (Vessel Sealer). In cases of diverticu-
lar disease, mobilization of the upper rectum is essential to 
expose healthy, diverticula-free rectum for reanastomosis.

 Mesocolic Vascular Ligation and Transection

I routinely use the Vessel Sealer to divide the skeletonized 
inferior mesenteric artery pedicle. Frequently, this is accom-
plished in more than one bite. I prefer a “Seal-Seal-Cut” 
approach to major vascular pedicles, in which the base of the 
pedicle is coagulated first and then coagulated again 5 mm 
distally before being cut. This allows two layers of thermal 
sealing on a vessel that has systolic blood pressure behind it. 
Alternatively, robotic clips or vascular load stapler can be 
used. The Vessel Sealer in arm 4 is used to divide the meso-
colon proximally to the descending colon/sigmoid colon 
junction and distally to the rectosigmoid junction. This 
allows for a wide lymphadenectomy, both in cases of neo-
plasm, as well in those patients with a bulky mesenteric 
abscess from diverticulitis. Firefly® technology is critical in 

assessment of perfusion of the margin artery and proximal 
colon. Once the mesocolon is completely divided, the cam-
era is hopped to arm 2, removing the Fenestrated Bipolar 
grasper. The robotic stapler with a green load (1.5 mm closed 
staple height) is introduced into arm 3. The rectosigmoid 
junction is herein divided. At this point, the sigmoid colon is 
pushed into the pelvis, to judge adequacy of length of the 
proximal colon for construct of the anastomosis. If further 
mobilization of the splenic flexure is necessary, now is the 
time. The camera remains in arm 2 for the remainder of the 
operation.

 Intracorporeal Anastomosis

Once satisfied with proximal colonic length, the anvil of an 
end-to-end anastomotic stapler (EEA) is introduced though 
the wound retractor in the right lower quadrant. Routinely, a 
29 mm size is adequate for most patients, but one can upsize 
or downsize based on the diameter and flexibility of the 
colon. Tip: Fenestrated Bipolar grasper measures 28  mm 
from wrist to tip and is a useful measuring tool. The anvil 
requires a little preparation by the assistant who remains 
sterile. A dyed, 6-inch, 0-V-Loc™ (Covidien, Minneapolis, 
MN) is passed through the spike of the anvil and looped 
through the “eye” at the tail of the suture. The needle is cut 
off and the suture is left long. The anvil is introduced by the 
assistant and temporarily placed in the left lower quadrant. 
This requires removal of the robotic stapler and undocking of 
arm 3. Arm 3 can be re-docked, and monopolar scissor is 
inserted. A needle driver will need to be inserted in arm 4. 
Next, on the descending colon, a transverse 3 cm colotomy is 
made with the scissor on the anti-mesenteric border. The pre-
pared anvil is inserted through the colotomy into the descend-
ing colon, such that only the 0-V-Loc is visible exiting the 
colon (Fig. 14.11). Use the Tip-Up grasper in arm 1 to hold 
the proximal descending colon anteriorly (to prevent 

Fig. 14.10 Medial-to-lateral mobilization, identification of left ureter

Fig. 14.11 Intracorporeal insertion of stapler anvil
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 excessive proximal anvil migration). The colotomy is then 
closed with a whip stitch of 3-0 V-Loc; the anvil suture 
should exit through the middle of the repair. The robotic sta-
pler with a blue load (1.5 mm closed staple height) is reintro-
duced in arm 3. The proximal descending colon is amputated 
just proximal to the repaired colotomy. The anvil suture is 
usually cut by the stapler, but its dyed color is usually visible 
in the proximal staple line. That nub of suture can be grasped 
with the needle driver, and the anvil can be “popped” out 
through the descending colon staple line (Fig. 14.12). The 
spike of the anvil is then removed by holding the 0-V-Loc 
with a needle driver in the right hand and an open Tip-Up 
grasper at the anvil base in the left hand. The spike is then 
retrieved by the assistant.

My work flow is to remain at the console, while my 
trained assistant will insert the receptacle of the EEA stapler 
trans-anally. As I remain in robotic control, using the Tip-Up 
grasper, the anvil and receptacle are reconnected intracorpo-
really (Fig.  14.13). The EEA stapler is closed, fired, and 
removed. The assistant performs rigid proctoscopy with air 
insufflation, while the surgeon occludes the proximal 
descending colon with the atraumatic Tip-Up grasper. The 

scrub tech can fill the pelvis with saline, using a laparo-
scopic suction irrigator. This completes the standard “air 
leak” test. If bubbling is seen from the anastomosis, I rec-
ommend circumferential reinforcement of the staple line 
with a 3-0 V-Loc suture, in a seromuscular Lembert fashion, 
placement of a pelvic drain, and creation of a diverting loop 
ileostomy.

 Specimen Extraction

The specimen is grasped with a laparoscopic instrument; the 
robot is undocked and stowed. The surgeon scrubs back to 
the patient’s bedside, and the specimen is extracted through 
the wound retractor in the right lower quadrant. The speci-
men and anastomotic donuts are sent off for pathologic 
review in formalin. A loop of ileum can be brought up at this 
point, if an ileostomy is necessary. Otherwise the fascia of 
the extraction site is closed with two layers of absorbable 
suture. The fascia of the 8 mm trocars is not routinely closed. 
The skin is closed, dressings are placed, and the operation is 
deemed complete.

 Postoperative Care

The patient is allowed a liquid diet the night of surgery and a 
regular diet the next morning. An intravenous fluid restrictive 
strategy with an aggressive bowel regimen, early mobiliza-
tion, and minimizing opioid analgesia is recommended. No 
protocol of minimally invasive colectomy is complete with-
out an enhanced intestinal recovery pathway. In today’s clin-
ical practice, where patient satisfaction and quality metrics 
are measured in part by length of stay, current literature sup-
ports the use of the abovementioned strategies, to accelerate 
bowel recovery and shorten hospitalization [17]. Drugs such 
as Alvimopan (Entereg®, Merck & Co, Inc., Kenilworth, 
NJ) are opioid receptor antagonists at the intestinal level and 
are often included in such protocols, to improve postopera-
tive bowel function in select patients [18]. After a robotic 
colectomy with an intracorporeal anastomosis, the vast 
majority of patients will pass flatus the day after surgery and 
will be ready for dismissal, after a bowel movement the fol-
lowing day.

 Conclusion
With careful preoperative planning and due diligence in 
operative technique, a robotic colectomy is a safe, onco-
logic operation. Incorporating a routine intracorporeal 
anastomosis and adherence to an enhanced recovery path-
way will shorten hospitalization and can improve short-
term outcomes.

Fig. 14.12 Pulling of anvil through descending colonic staple line

Fig. 14.13 Creation of end-to-end stapled anastomosis

S. S. Vijan



125

References

 1. Surveillance Research Program, N.C.I. Surveillance epidemiology 
and end results—cancer statistics. April 11, 2013; Available from: 
http://seer.cancer.gov/statfacts/html/colorect.html.

 2. Jayne DG, Thorpe HC, Copeland J, Quirke P, Brown JM, Guillou 
PJ. Five-year follow-up of the Medical Research Council CLASICC 
trial of laparoscopically assisted versus open surgery for colorectal 
cancer. Br J Surg [Internet]. 2010;97(11):1638–45.

 3. Moorthy K, Munz Y, Dosis A, Hernandez J, Martin S, Bello F, 
et  al. Dexterity enhancement with robotic surgery. Surg Endosc. 
2004;18(5):790–5.

 4. DeSouza AL, Prasad LM, Park JJ, Marecik SJ, Blumetti J, Abcarian 
H. Robotic assistance in right hemicolectomy: is there a role? Dis 
Colon Rectum. 2010;53(7):1000–6.

 5. Luca F, Leal T, Valvo M, Cenciarelli S, Pozzi S, Radice D, Crosta 
C, Biffi R. Surgical and pathological outcomes after right hemico-
lectomy: case‐matched study comparing robotic and open surgery. 
Int J Med Robot Comput Assist Surg. 2011;7:298–303.

 6. Patel CB, Ragupathi M, Ramos-Valadez DI, Haas EM. A three-arm 
(laparoscopic, hand-assisted, and robotic) matched-case analysis of 
intraoperative and postoperative outcomes in minimally invasive 
colorectal surgery. Dis Colon Rectum. 2011;54:144–50.

 7. Tyler JA, Fox JP, Desai MM, Perry WB, Glasgow SC. Outcomes 
and costs associated with robotic colectomy in the minimally inva-
sive era. Dis Colon Rectum [Internet]. 2013;56(4):458–66.

 8. Collinson FJ, Jayne DG, Pigazzi A, Tsang C, Barrie JM, Edlin R, 
et al. An international, multicentre, prospective, randomised, con-
trolled, unblinded, parallel-group trial of robotic-assisted versus 
standard laparoscopic surgery for the curative treatment of rectal 
cancer. Int J Color Dis. 2012;27(2):233–41.

 9. Ragupathi M, Ramos-Valadez DI, Patel CB, Haas EM.  Robotic-
assisted laparoscopic surgery for recurrent diverticulitis: experience 
in consecutive cases and a review of the literature. Surg Endosc 
[Internet]. 2011;25(1):199–206.

 10. Trastulli S, Coratti A, Guarino S, Piagnerelli R, Annecchiarico 
M, Coratti F, et  al. Robotic right colectomy with intracorporeal  

anastomosis compared with laparoscopic right colectomy with extra-
corporeal and intracorporeal anastomosis: a retrospective multicentre 
study. Surg Endosc Other Interv Tech. 2015;29(6):1512–21.

 11. Morpurgo E, Contardo T, Molaro R, Zerbinati A, Orsini C, 
D’Annibale A. Robotic-assisted intracorporeal anastomosis versus 
extracorporeal anastomosis in laparoscopic right hemicolectomy 
for cancer: a case control study. J Laparoendosc Adv Surg Tech A 
[Internet]. 2013;23(5):414–7.

 12. Grams J, Tong W, Greenstein AJ, Salky B. Comparison of intra-
corporeal versus extracorporeal anastomosis in laparoscopic-
assisted hemicolectomy. Surg Endosc Other Interv Tech. 
2010;24(8):1886–91.

 13. Shapiro R, Keler U, Segev L, Sarna S, Hatib K, Hazzan 
D.  Laparoscopic right hemicolectomy with intracorporeal anas-
tomosis: short- and long-term benefits in comparison with 
extracorporeal anastomosis. Surg Endosc Other Interv Tech. 
2016;30(9):3823–9.

 14. Kiran RP, Murray ACA, Chiuzan C, Estrada D, Forde K. Combined 
preoperative mechanical bowel preparation with oral antibiotics sig-
nificantly reduces surgical site infection, anastomotic leak, and ileus 
after colorectal surgery. Ann Surg [Internet]. 2015;262(3):416–25; 
discussion 423–5.

 15. Jeremy L Holzmacher, Samuel Luka, Madiha Aziz, Richard L 
Amdur, Samir Agarwal, Vincent Obias. The use of robotic and lapa-
roscopic surgical stapling devices during minimally invasive colon 
and rectal surgery – a comparison [Internet]. Dis Colon Rectum. 
2015;58:e174.

 16. Jafari MD, Lee KH, Halabi WJ, Mills SD, Carmichael JC, Stamos 
MJ, et al. The use of indocyanine green fluorescence to assess anas-
tomotic perfusion during robotic assisted laparoscopic rectal sur-
gery. Surg Endosc Other Interv Tech. 2013;27(8):3003–8.

 17. Rawlinson A, Kang P, Evans J, Khanna A. A systematic review of 
enhanced recovery protocols in colorectal surgery. Ann R Coll Surg 
Engl. 2011;93:583–8.

 18. Wang S, Shah N, Philip J, Caraccio T, Feuerman M, Malone B. Role 
of alvimopan (entereg) in gastrointestinal recovery and hospital 
length of stay after bowel resection. P T. 2012;37(9):518–25.

14 Robotic Right and Left Colectomy

http://seer.cancer.gov/statfacts/html/colorect.html


127© Springer Nature Switzerland AG 2019
S. Tsuda, O. Y. Kudsi (eds.), Robotic-Assisted Minimally Invasive Surgery, https://doi.org/10.1007/978-3-319-96866-7_15

Robotic Total Mesorectal Excision 
for Rectal Cancer

Mark K. Soliman and Beth-Ann Shanker

 Introduction

There are few operations that demand the same degree of 
technical precision and flawless execution like the total 
mesorectal excision (TME). The TME involves removing the 
fatty envelope  – or mesorectum  – surrounding the rectum 
itself. First described by Heald and Rydall, the TME proved 
critical in the surgical treatment of rectal cancer for decreas-
ing local recurrence, reducing operative blood loss, and pre-
serving genitourinary function.

Many techniques have been employed to perform a 
TME, such as open, laparoscopic, or robotic operative 
modalities. More recently transanal approaches have also 
been used. Prior to full adoption of minimally invasive 
approaches to the TME, oncologic outcomes were critically 
evaluated relative to open surgery. Non-inferiority was 
established through a number of studies including the 
CLASICC, COREAN, and COLOR II trial which primarily 
compared the oncologic outcomes between open and lapa-
roscopic surgery for colorectal resections – as seen in the 
CLASICC trial – and rectal resections as investigated in the 
COREAN and COLOR II trials [1–4]. These studies 
showed open and laparoscopic surgery had similar onco-
logic outcomes; however outcomes were worse in patients 
who underwent a conversion from laparoscopic to open 
surgery. In the COLOR II trial, despite the expertise of the 
laparoscopic surgeons, there was a 16% conversion rate to 
open technique [4].

Since the short-term benefits of laparoscopic surgery have 
clearly been demonstrated – such as shorter hospital stay and 

earlier return of bowel function – and oncologic benefits are 
equivalent, one would expect more minimally invasive TME 
surgery to be performed. However, this has not been the case. 
The open approach to TME is still the most commonly per-
formed method worldwide. As Bianchi et  al. [1] noted in 
their review of the status of minimally invasive surgery and 
rectal cancer, the lack of widespread adoption of laparo-
scopic TME is because it requires high technical skill and a 
long learning curve.

The robotic approach is a newer technique to TME that 
overcomes some of the technical difficulties posed by open 
surgery or standard laparoscopy. The three-dimensional 
visual environment, wristed instrumentation, and decrease in 
surgeon fatigue are advantages of the robotic modality.

Compared to laparoscopy, robotic TME has a shorter 
learning curve, which has contributed to its adoption world-
wide as a safe and feasible method for proctectomy. Kim 
et  al. [5] reported on their robotic proctectomy learning 
curve. This was a single-surgeon retrospective study of 167 
patients. The first 33 cases had significantly longer opera-
tive times and increased blood loss, but their documented 
conversions to open surgery were 1.2% (2 cases) and 
occurred only in their first 33 cases. A second decrease in 
overall operative time was seen again at 72 cases for this 
group. As noted previously, conversion rate for laparo-
scopic proctectomy is high. Moghadamyeghaneh et al. [6] 
used the National Inpatient Sample (NIS) database which is 
the largest all- payer inpatient database in the United States. 
They cited a 31.2% conversion rate from laparoscopic to 
open surgery for proctectomy. However, a meta-analysis by 
Sun et al. [7] reported on eight studies comparing laparo-
scopic and robotic low anterior resection for rectal cancers 
below the anterior reflection. They found a lower conver-
sion rate to open surgery for robotic proctectomy.

More recently, a randomized prospective trial – Robotic 
vs Laparoscopic Resection for Rectal Cancer (ROLARR) 
[8]  – compared laparoscopic and robotic proctectomy. Its 
primary endpoint was conversion to an open operation. The 
authors did not show a statistically significant difference in 
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conversion rate in the general study population; however a 
subset analysis demonstrated the obese male patient was less 
likely to undergo open conversion in the robotic group. The 
study did also show that less experienced robotic surgeons 
were able to achieve equal or better results than experienced 
laparoscopic surgeons with regard to conversion and all sec-
ondary endpoints.

As the benefits of minimally invasive surgery continue to 
be demonstrated, as well as the negative consequences of 
conversion on patient outcomes, learning a robotic TME – a 
modality with a shorter learning curve and low conversion 
rate  – becomes of more interest. This chapter will review 
relevant anatomy to performing a robotic TME, go over the 
appropriate evaluation for clinical staging of rectal cancer, 
discuss key features of surgical planning, and review the 
robotic operative approach.

 Anatomy for the Robotic TME

 Rectum

For the purposes of operative planning and therapeutic man-
agement, the rectum is divided into lower, middle, and upper 
sections based on distance from the anal verge, rectal valves, 
and the peritoneal reflection. The anterior and lateral por-
tions of the upper and mid rectum are peritonealized. The 
anterior peritoneal reflection marks the change between low 
and mid rectum, as the low rectum is not peritonealized. 
Understanding which part of the rectum a neoplasm is 
located in is paramount to both operative planning and decid-
ing on possible neoadjuvant therapy [9].

 Puborectalis Muscle (PRM)

The PRM is an important component to identify in devising a 
surgical plan. A mass above the puborectalis is likely to have 
a sphincter-sparing operation. The origin of the PRM is at the 
symphysis pubis and forms a sling which can be palpated as 
the anorectal ring on exam. Magnetic resonance imaging 
(MRI) should identify and report the relationship of a low 
rectal mass to this anatomical structure (Fig. 15.1) [10].

 Fascial Planes

Understanding the fascial relationships of the rectum is 
important for a successful oncologic procedure and to mini-
mize complications [9].

The mesorectum is the fascial envelope of the rectum 
which contains the terminal branches of the inferior mesen-
teric artery and lymph nodes. When performing a TME, this 
mesorectal envelope should not be violated due increased 
likelihood of locoregional recurrence. Morphologically, 
the mesorectum is larger in men and in obese individuals, 
which can affect the success of a high-quality surgical dis-
section [5].

The presacral fascia is a thickened part of the parietal 
endopelvic fascia. It covers the sacrum and coccyx, and dor-
sal to this fascia are the middle sacral artery and presacral 
veins. The presacral veins communicate with the internal 
vertebral venous system through the basivertebral veins. 
There are two lateral sacral veins and a middle sacral vein. 
The adventitia of the basivertebral veins is quite adherent to 
the sacral periosteum at the S3-S4 sacral foramina [11].

Mesorectal fascia

Levator insertion/ano-rectal ring

External anal sphincter

Intersphincteric plane

Internal anal sphincter

Fig. 15.1 Anatomy of the 
lower rectum
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A dissection too deep into this fascia can lacerate these 
veins and cause life-threatening venous sacral hemorrhaging 
due both to retraction of the vessel through the sacral foram-
ina and the elevated hydrostatic pressure of this system while 
the patient is in lithotomy. Bleeding rates to be as high as 1 
liter/minute [11]. Awareness of this anatomy is critical dur-
ing a posterior rectal mobilization.

Denonvilliers’ fascia is a structure between the prostate or 
vagina and the anterior rectum that is often described as a 
peritoneal fusion of fascia. The anterior dissection plane for 
a TME and whether or not Denonvilliers’ fascia should be 
included in the TME resection remain controversial. Some 
cadaveric studies indicate that Denonvilliers’ fascia is not 
part of the rectal fascia itself and therefore does not have to 
be removed with the rectum during TME. Zhang et al. [12] 
performed cadaveric studies confirming that there are two 
layers of this fascia and advocated that the rectal mobiliza-
tion should be between these layers to avoid injury to the 
pelvic autonomic nerves.

From a clinical standpoint, Wei et al. [13] evaluated the 
effect of sparing Denonvilliers’ fascia in men with stage 1 
mid to low rectal cancer undergoing a complete TME. They 
found sparing the fascia resulted in improved urogenital 
function. However, patients with advanced rectal cancer 
were not studied, as it is still unclear at this time if leaving 
the fascia will result in higher locoregional rectal cancer 
recurrence.

Denonvilliers’ fascia should be resected if there is a con-
cern that the circumferential resection margin (CRM) will be 
compromised. Anterior-based tumors can also include this 
fascia in the resected specimen. If the rectal neoplasm has a 
posterior or lateral location, leaving the anterior fascia may 
be considered. Other difficulties in identifying the fascial 
plane include patients who received radiation, a narrow pel-
vis, or a bulky mass [12].

 Nerve Innervation

Sympathetic nerve fibers of the superior hypogastric plexus 
arise from L1 to L3 and synapse in the preaortic plexus. The 
nerves descend along the sacral promontory and bifurcate 
into bilateral hypogastric nerves which are medial to the ure-
ters and common iliac arteries [13, 14].

As noted by Chew et al. [15], there are several potential 
points where the superior hypogastric plexus may be injured. 
Essential surgical techniques to protect the nerves include 
(1) ligating the IMA approximately 2 cm distal to its aortic 
origin to avoid nerve fibers ventral to the aorta; (2) preserv-
ing Gerota’s fascia, as this contains the superior hypogastric 
nerve fibers; and (3) maintaining a posterior mesorectal 
plane of dissection immediately posterior to superior rectal 

artery, which preserves the parietal presacral fascia and the 
nerves it invests.

Right and left hypogastric nerves extend to the lateral pel-
vic sidewall and join the inferior hypogastric plexus adjacent 
to the lateral stalks. This plexus is formed from parasympa-
thetic nerve fibers from S2 to S5. The existence of the lateral 
stalks as a distinct anatomical structure is of some debate. 
Surgical techniques to avoid injury include dividing the lat-
eral stalks after posterior and anterior rectal mobilization has 
been performed as caudal as possible and gently teasing 
adherent nerves off the lateral mesorectum [15, 16].

As a branch of the pelvic plexus, the periprostatic plexus 
is located anterior to the rectum at the location of 
Denonvilliers’ fascia. This will supply the prostate gland, 
seminal vesicles, corpora cavernosa, vas deferens, ejacula-
tory ducts, and bulbourethral glands. Neurovascular bundles 
run at the lateral aspects of the seminal vesicles in the 2 and 
10 o’clock positions. In women the pelvic plexus lies just 
above the uterosacral ligament. Nerves extend lateral to the 
cervix and vaginal fornix. Injury at this location of the TME 
will cause urogenital dysfunction. Damage to these nerve 
bundles occurs both when dissecting outside the appropriate 
fascial planes and when excessive traction is applied to the 
rectum [14–16].

 Arterial Supply

Blood supply to the rectum comes from both mesenteric and 
iliac supply. The IMA arises several centimeters proximal to 
the bifurcation of the aorta and is relatively short in nature. 
The IMA bifurcates into two branches: the left colic artery, 
which courses acutely cephalad toward the splenic flexure, 
and a descending branch that gives off the sigmoidal arteries 
and the superior rectal artery. The sigmoidal arteries vary in 
number and orientation. The superior rectal artery forms a 
rectosigmoid branch and then divides into right and left ter-
minal branches, which extend to the level of the levator ani 
muscles [9].

The marginal artery is a series of arterial arcades along 
the mesenteric border of the colon starting at the ileocolic 
branches. The watershed area is at the splenic flexure. The 
arc of Riolan is found in 7% of the population and is collat-
eral circulation between the left branch of the middle colic 
artery and the IMA. This is critical in an individual with a 
diseased SMA or IMA in providing adequate perfusion dur-
ing rectal resection.

The pudendal artery gives rise to the middle rectal artery. 
The internal iliac artery gives rise to the inferior gluteal 
artery. The inferior rectal arteries, which are also from the 
pudendal artery, supply the anal canal and external anal 
sphincter muscle [9].
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 Evaluating Rectal Cancer

 Standardizing Care

Before discussing the individual component of a rectal can-
cer workup, it is important to address the evolution of the 
multidisciplinary approach which is leading to the National 
Accreditation Program from Rectal Cancer (NAPRC).

As noted in the start of this chapter, over the past several 
decades, advances in our management of rectal cancer have 
grown tremendously. Surgically, it has been demonstrated 
that a quality TME results in decreased local recurrence as 
well as negative circumferential margins [17, 18]. 
Determining clinical staging and appropriate treatment has 
been advanced by MRI protocols, which utilize high- 
resolution oblique T2-weighted imaging cut in 3 mm slices 
perpendicular to the tumor axis in the sagittal view. The pre-
operative clinical staging determines whether or not neoad-
juvant therapy is indicated. Studies from multiple countries 
have demonstrated that the implementation of national stan-
dards including staging, surgical technique, and centralized 
care results in improved 5-year survival [19].

In the United States, a group of 14 centers was organized 
to standardize management and improve rectal cancer out-
comes. This group is called the consortium for Optimizing 
Surgical Treatment of rectal cancer (OSTRich). Data com-
piled from OSTRich has been used to implement a National 
Accreditation Program for Rectal Cancer (NAPRC). NAPRC 
is currently being trialed at a number of centers, but it is the 
expectation that improvements in outcomes will be seen 
through standardization of care and a multidisciplinary 
approach to rectal cancer [20].

 Patient History

A complete history will give the surgeon an indication of 
more advanced disease, hereditary syndromes, the potential 
need for a permanent ostomy, and comorbidities that can and 
cannot be optimized prior to intervention [21–23].

Weight loss, tenesmus, anal pain, and fecal incontinence 
may indicate more advanced disease.

A complete family history will determine the potential for 
hereditary cancer that may require genetic counseling and 
other treatment paths.

History of anorectal surgery, urogenital surgery, or 
trauma may predict problems with postoperative inconti-
nence of stool. If there is suspicion that anal sphincter con-
trol is suboptimal, then prior to any neoadjuvant or surgical 
treatment begins, further testing such as anal manometry 
may prudent to consider. Testing can help define the degree 
of impairment before adjuvant therapy and surgery take 
place. Helping the patient understand their current function 

will guide discussions on what to expect with regard to fecal 
continence in the postoperative setting, since those with 
poor anorectal function may consider a permanent ostomy.

Previous cancer treatments such as radiation for gyneco-
logic cancers will impact neoadjuvant options and may indi-
cate a hostile pelvis. Significant vascular disease may also 
represent a potential obstacle in creating a low anastomosis 
and maintaining adequate blood supply. Knowledge of these 
issues will help guide recommendations with the patient and 
family.

Medical comorbidities should be assessed to determine 
which patient factors may be optimized prior to surgery. 
Congestive heart failure, previous myocardial infarction, 
advanced age, and diabetes have correlations with cardiac 
complications. Patient with unintentional loss of >10% of 
their body weight and serum albumin <3.0 g/dL should be 
evaluated for perioperative nutritional support [21].

 Physical Examination

A complete physical examination focusing on the abdomen 
and rectum is necessary for successful operative planning. 
Previous surgical scars and the patient’s body habitus should 
be noted.

Rectal examination should assess the distance of the neo-
plasm from the anal verge and its circumference. 
Documentation of the relationship of the tumor to the 
puborectalis muscle (i.e., anorectal ring), degree of fixation 
and circumferential involvement, as well as orientation are 
all critical. Involvement of the anal sphincters, prostate or 
vagina, and sacrum may indicate the need for an abdomino-
perineal resection or en bloc resection of other organs with a 
multidisciplinary surgical team [20].

 Colonoscopy

A complete colonoscopy will find a synchronous malignancy 
in 1–3% of patients and a synchronous polyp in 20–30% of 
all patients. If the mass is partially obstructing and a colonos-
copy cannot be completed, a CT colonography or a barium 
enema should be performed. If the patient is symptomatic 
from a partial obstruction and the surgery is more urgent, a 
complete colonoscopy can either be performed at the time of 
surgery or within 6 months postoperatively [22].

 Imaging and Laboratory Work

To evaluate for metastatic disease, a computerized tomographic 
(CT) scan of the chest, abdomen, and pelvis is performed with 
oral and intravenous contrast. Carcinoembryonic antigen levels 
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(CEA) should also be obtained. CEA levels >15 mg/mL should 
prompt a positron emission tomography (PET-CT) if CT imag-
ing does not show distant disease [24, 25].

Local staging should be performed by rectal cancer proto-
col MRI over a transrectal ultrasound, which is in accordance 
with the NAPRC standards. Findings on MRI should be 
reported using standardized synoptic reporting system such 
as the Cancer Care Ontario reporting system [26]. Features 
to be reported include tumor depth of invasion, circumferen-
tial resection margin (CRM), spiculations, relationship to the 
puborectalis, mesorectal fascial involvement, extramural 
vascular invasion, and mesorectal lymph nodes. Malignant 
lymph node characteristics include mixed signal intensity, 
irregular contours, and size 8 mm or greater. Sensitivity and 
specificity are 77% and 71% for MRI detecting nodal 
involvement [26].

 Neoadjuvant Management

After the workup is completed, the patient should be pre-
sented at a multidisciplinary conference for individualized 
treatment planning [27, 28]. Treatment should begin within 
60 days of presentation per NAPRC standards.

Patients found to have a threatened resection margin, 
either distal resection margin (DRM) or CRM, or those 
found to have malignant lymphadenopathy typically require 
neoadjuvant treatment. However, treatment modalities are 
still an area of controversy. Short-course radiation is the 
standard of care in Northern Europe, and long-course radia-
tion is the standard in Northern America. Our institutions 
typically utilize long-course radiation, which involves exter-
nal beam radiation given as 45–50 Gy in a 25–28 fraction-
ated conformational fashion [29]. This is given with a 
chemo-sensitizing agent. Surgery is performed 8–12 weeks 
after completing this treatment. There are current investiga-
tions that are looking at giving chemotherapy +/− radiation 
therapy prior to surgical resection for locally advanced stage 
II/III rectal cancers [30].

 Operative Planning for Robotic TME

Operative planning starts with patient education. The patient 
and family should be educated on the overall plan as well as 
risks of the procedure including bowel and genitourinary 
dysfunction. Qin et al. [31] looked at functional impairment 
in 142 patients who either had chemotherapy or chemother-
apy plus radiation prior to curative TME. They used a vali-
dated low anterior resection syndrome (LARS) score for 
assessment and preoperative MRI imaging to evaluate ana-
tomical features that may predict dysfunction. They reported 
71.1% of patients reported some dysfunction, and 44.4% of 

patients experienced major LARS. Most common symptoms 
included clustering of bowel movements, urgency, inconti-
nence to gas, and incontinence to liquid stool. Those with 
tumors in the lower 1/3 of the rectum and neoadjuvant 
chemoradiation were at increased risks of developing major 
LARS [31]. It is imperative that the patient understands the 
potential posttreatment issues regarding bowel function. 
Those with poor pre-treatment bowel control, or certain jobs 
not allowing frequent access to the bathroom, may choose an 
end colostomy as mentioned previously.

Patients should be sent to an enterostomal therapist for 
stoma marking and diet education. This is important for both 
an end colostomy and diverting loop ileostomy if planned. 
Preoperative marking and education are recommended by 
the American Society of Colon and Rectal Surgeons, the 
Wound, Ostomy and Continence Nurses Society, and the 
American Urological Association prior to any procedure. 
Stomal counseling and assessment have been shown to 
improve functional and lifestyle outcomes [32, 33].

Staging MRI should have already informed the decision 
of primary anastomosis versus APR for low rectal cancers. 
However, low-lying tumors located at or below the puborec-
talis benefit from repeat MRI and a flexible sigmoidoscope 
after neoadjuvant treatment is complete to determine if a 
sphincter-sparing operation is possible.

As part of an enhanced recovery pathway, patients are 
extensively counseled in the preoperative setting and are 
given documentation of their expectations after surgery (e.g., 
ambulation 5 times per day, incentive spirometer use, etc.).

The day prior to surgery, our patients undergo both 
mechanical and antibiotic bowel preparation (neomycin and 
metronidazole). Patients will also carbohydrate-load the eve-
ning before and 2  h prior to surgery with a maltodextrin- 
containing drink. This drink contains complex carbohydrates 
and a mixture of electrolytes, minerals, and vitamins, all of 
which reduce nausea, emesis, and hunger and accelerate gas-
trointestinal recovery postoperatively.

In the preoperative area, our patients typically receive a 
transversus abdominis plane (TAP) peripheral nerve block or 
epidural. Patients are also given gabapentin, alvimopan, 
acetaminophen, methocarbamol, and ondansetron.

 The Setup

Once general anesthesia is established, the patient is carefully 
positioned. Proper positioning cannot be overemphasized, as 
nerve injuries can occur as a result of poor setup. The inci-
dence of permanent nerve damage ranges from 0.03% to 
1.4%. Specific patient factors increase risk of nerve injury 
including thin and obese body habitus, vascular disease, dia-
betes, and tobacco use. However, the most important risk fac-
tor for peripheral nerve injury is the surgery itself [34].
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Proper positioning includes making certain the patient is 
secured to the table, all limbs are placed in their natural posi-
tion without stretch, and all pressure points are carefully 
padded. Avoiding pronation of the upper extremity will 
reduce ulnar injury through the cubital tunnel. Arms are pad-
ded and tucked to prevent neuropraxia (Fig. 15.2).

The patient is placed in lithotomy positioning which can 
cause obturator, sciatic, or femoral nerve injury depending on 
the degree of stretch. The common peroneal nerve is also at 
risk for compression injury. If while in the lithotomy position 
the calf is compressed, this may result in the development of a 
deep vein thrombosis or even a catastrophic compartment syn-
drome. Compartment syndrome results from decreased perfu-
sion and elevation of the limb above the level of the heart. 
Procedures requiring lithotomy positioning for more than 5 h 
increase the risk of these complications. Appropriately pad-
ding and positioning the lower extremities as well as limiting 
the degree of Trendelenburg positioning is helpful [34, 35].

Surgeons may choose to place ureteral stents at this time. 
If ureteral stents are placed, an open 5 French stent may be 
used where the author will instill 3 mL of indocyanine green 
and connect the stents to ureteral drainage bags. This will 
enable fluorescence imaging identification of the ureters 

during the operation if such technology exists on the plat-
form being used. Stents can be reinjected if needed, but this 
does not typically occur.

The abdomen is prepped and draped, and then abdominal 
entry is gained by whatever method the surgeon is most com-
fortable with. It is the preference of the author to gain intra- 
abdominal access via optical entry technique using a 5 mm 
laparoscope via the assistant trocar in the right upper quadrant. 
If the patient had previous surgery, we may enter with a 5 mm 
port in the left upper quadrant. This right upper quadrant port 
then becomes our bedside assist port. Robotic port placement 
commences based on surgeon preference, robotic system 
being used, and patient-specific considerations (Figs.  15.3, 
15.4, and 15.5). Strategic port placement is critical for opera-
tive success, most notably to allow frustration- free case pro-
gression and to eliminate external and internal arm collisions. 
An optional second assist port may be place at the discretion 
of the surgeon. It is the preference of the author to place this 
second assist port. This has been found to be of high value in 
deep pelvic dissections, since it gives the assistant two work-
ing instruments – one to grasp and retract the rectum cephalad 
and the other to use for suctioning smoke and fluid that liber-
ally collects in the dependent portions of the pelvis.

 Operative Steps

Once the ports are placed, the patient is then positioned in the 
Trendelenburg position, just enough to clear and expose the 
pelvis, sacral promontory, and IMA. The patient is tilted with 
the left side up to obtain exposure additional exposure. 
Laparoscopic instruments may be used to assist in gaining 
this exposure, which ideally should be done prior to robotic 
arm docking.

The robot is docked, and instruments include a medium 
strength grasper (such as Tip-Up grasper), the fenestrated 
bipolar, and a monopolar dissecting instrument such as hook 
cautery or scissors. Other instruments to be used include the 
vessel sealer and robotic or laparoscopic stapling device.

We begin with a medial to lateral dissection. Our medium 
strength grasper is used to elevate the sigmoid colon toward 
the anterior abdominal wall. For a sigmoid colon with sig-
nificant fatty epiploica, we may introduce an Endoloop 
transabdominally and place this around an epiploica to help 
elevate it toward the anterior abdominal wall.

Once the sigmoid colon is on stretch, we identify the infe-
rior mesenteric artery. Distal to the IMA, the peritoneum is 
scored at the juncture of the mesentery and the retroperito-
neum (Fig. 15.6). This is identified by a subtle color change 
from the bright yellow associated with the colon mesentery 
to a pinkish opaque color over the retroperitoneal structures. 
The peritoneum is scored, and dissection begins in this avas-
cular plane.

Fig. 15.2 Protecting the upper extremity with liberal foam padding 
placement of the hand in the neutral anatomic position
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The superior hemorrhoidal artery is identified and care-
fully swept anteriorly with the colon. The ureter can be iden-
tified in this window and swept downward (Fig. 15.7).

Next the window proximal to the IMA is developed. This 
is performed by incising the peritoneum between the IMA 
and IMV to unequivocally identify the two structures.

The left ureter is again identified and swept out of the way 
prior to ligation of the arterial vascular pedicle (Fig. 15.8). 
Once the vessel is isolated from the ureter, it is divided 
1.5–2 cm from its origin off of the aorta to prevent injury to 
the superior hypogastric plexus. Typically, the robotic vessel 
dealing device suffices. A Hem-o-Lok clip can also be placed 
at the base of the IMA if the surgeon so chooses.

Alternatively, larger vessels may be divided with a vascu-
lar stapler load (e.g., white load). Bleeding from a ligated or 
stapled pedicle may be managed with any number of meth-
ods, including suture ligature, Endoloop application, or 
Hem-o-Lok clip placement.

 Mobilization of Splenic Flexure

Once the pedicle is ligated, a medial dissection can continue up 
toward the splenic flexure. The inferior mesenteric vein needs 
to be divided at the inferior border of the pancreas. Separation 
of the mesentery from the retroperitoneum continues, staying 

5 mm assist (optional)

5 mm assist

12 mm camera

12 mm stapler

8 mm arm 2

8 mm arm 3

Fig. 15.3 Robotic sigmoid or 
low anterior resection for da 
Vinci Si port placement

5 mm assist (optional)

5 mm assist

12 mm arm 4 (stapler)
8 mm arm 3 (camera)

8 mm arm 2

8 mm arm 1

Fig. 15.4 Robotic or low 
anterior resection for the da 
Vinci Xi port placement
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anterior the pancreas. This allows anterior separation of the 
transverse mesocolon off of the retroperitoneum by entering 
into the lesser sac (Fig. 15.9). Once this medial dissection is 
completed, we turn our attention to lateral mobilization.

The sigmoid colon is gently grasped medially, and the white 
line of Toldt is identified. The peritoneum is scored just medial 
to this line. The lateral descending colonic mobilization contin-
ues cephalad, dividing the lienocolic ligament, ometocolic 
attachments, and gastrocolic ligaments from the spleen, omen-
tum, and greater curve of the stomach, respectively. More often 
than not, full splenic flexure mobilization may be attained in 
the Trendelenburg position; however, if needed, the bed may be 
repositioned to complete this task.

 Mobilization of Sigmoid Colon

With the proximal sigmoid colon on stretch, the white line of 
Toldt is again identified, and the lateral attachments are divided 

5 mm assist
8 mm arm 1

8 mm arm 2
8 mm camera (arm 3)

12 mm stapler (arm 4)

Fig. 15.5 Robotic low 
anterior resection Xi – 
alternative port placement

Fig. 15.6 Image of sacral promontory showing border of the retroperi-
toneum and mesentery

Fig. 15.7 Image after scoring of the peritoneum with resultant expo-
sure of the left ureter and left gonadal vessel

Fig. 15.8 Isolation of the IMA through medial dissection
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to the level of the peritoneal reflection. As the mobilization 
continues caudad, identify the left ureter at the level of the 
sigmoid fossa. Once the sigmoid colon has been freed from its 
lateral attachments, we begin with the rectal mobilization.

 Posterior Rectal Mobilization

Mobilization begins posteriorly (Fig. 15.10). The rectum is 
positioned again by having the third arm with the medium 
strength grasper elevate the sigmoid colon toward the ante-
rior abdominal wall. Using the fenestrated bipolar device 
also on the left hand, anterior traction is provided on the pos-
terior side of the proximal rectum, exposing the thin areolar 
tissue plane. This is the plane between the fascia propria of 
the rectum and the presacral fascia. Hypogastric nerves 
should be identified coming down both the right and left side 
of the sacral promontory and the should be preserved. 
Tension and counter tension will allow for visualization and 
to guide an avascular dissection. It is important to note that 
the mesorectum curves anterior at the level of the coccyx. 
Not being aware of this curvature may result in entry into the 
presacral fascia and sacral bleeding.

Once the distal-most aspect of the posterior dissection is 
accomplished, attention is then turned anteriorly.

 Anterior Rectal Mobilization

Electrocautery is used to score the anterior peritoneal reflec-
tion to create a full-thickness peritoneal incision (Fig. 15.11). 
This incision is matured, and the third arm-fixed retractor is 
used to elevate the anterior pelvic structures, thus exposing 
the areolar tissue of the rectovaginal septum in the female 
patient or the prostate gland and seminal vesicles in the male 
patient. This retraction is best obtained by fanning out the 
fixed retractor and the bedside assist pulling the rectum of 
the pelvis. Denonvilliers’ fascia may be incised at this point, 
and the anterior rectal dissection is carried down to the level 
of the distal rectum/proximal anal canal. Denonvilliers’ fas-
cia is often referred to as a thick fusion of peritoneum that 
can be divided into two layers and contains the prostatic 
plexus. Leaving behind or taking this fascia is controversial 
with concerns for increased local recurrence versus urogeni-
tal dysfunction.

Frequently, in the female patient, a gloved finger or vagi-
nal dilator is placed transvaginally to assist in the proper 
identification of this anterior plane.

 Lateral Rectal Mobilization

With the assistant applying contralateral tension on the rec-
tum, the so-called lateral stalks are attended to next. This is a 
best performed by cephalad retraction of the rectum of the 
pelvis. The author begins with the left lateral stalk dissec-
tion, thereby having the assistant pull the rectosigmoid to the 
right upper quadrant.

This dissection is performed using electrocautery with the 
third arm applying traction on the left anterolateral pelvis, 
and the fenestrated bipolar continues to place countertraction 
on the medial aspect of the left lateral stalk. This dissection 
continues to the level of the distal rectum/proximal anal 
canal and is repeated on the right side in a mirrored fashion.

 Rectal Division

Mobilization for a TME occurs down to the level of the ano-
rectal ring. A perineal assistant may need to confirm the dis-
tal extent of the dissection as well as sufficient distance from 
the tumor. Once the distal aspect of the dissection has been 
identified and the bare area of the rectum encountered (i.e., 
the point at which the mesorectum tapers off), a robotic sta-
pler is then introduced and used to divide the rectum distally 
(Fig. 15.12).

Fig. 15.9 Image shows medial dissection to the level of the lesser sac, 
with the pancreas posterior to the window and the transverse mesocolon 
anterior to the window

Fig. 15.10 Image shows rectum being tented anteriorly to facilitate 
posterior mesorectal dissection
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 Coloproctostomy

At this time with the rectum divided, attention is turned to 
fashioning a suitable anastomotic surface. This can either be 
done in an intracorporeal or extracorporeal fashion.

The IMA pedicle is again identified and tented to the right 
lower quadrant of the patient. Using the vessel-sealing 
device, the mesentery is divided to the level of the mesen-
teric border of the descending/sigmoid junction, which will 
be the proximal dividing point (Fig.  15.13). At this time 
anesthesia administers indocyanine green to confirm the vas-
cularity of the proximal portion of the colon that will be used 
for anastomosis.

If an intracorporeal anastomosis is chosen to be per-
formed, a circular stapler anvil is introduced intra- 
abdominally. The author prefers placing the anvil through 
the 12 mm stapler port in the right lower quadrant.

If an end-to-end anastomosis is desired, the spike is 
affixed to the circular stapler anvil (Fig. 15.14). A 0-Vicryl 
suture is tied to this spike with two sets of air knots, as 
depicted in the diagram. On the specimen side, a colotomy is 
created large enough to accommodate the anvil. The anvil is 

then inserted with the spike just proximal to our intended 
transection site. Once the anvil is in place, the colotomy is 
sutured closed, and colon divided with a stapler. The ends of 
the Vicryl suture will be embedded within this newly fash-
ioned staple line. The embedded end of the suture is then 
grasped and the suture pulled to guide the stem of the anvil 
through the linear staple line. The spike may be removed 
from the anvil by rotating it 90 degrees by pulling the suture 
with gentle but deliberate force.

If a Baker anastomosis is chosen, a site 2  cm from the 
proximal staple line is identified, and small colotomy is cre-
ated on the anti-mesenteric side for which the stem of the 
anvil will exit the colon through (Fig. 15.15).

Next the colotomy is made using monopolar cautery. This 
colotomy is large enough to accommodate the base of the 
circular stapler anvil. Beginning with the stem first, the anvil 
is introduced into this colotomy and passed to the predesig-
nated exit site that will be used in the coloproctostomy. If 
needed the anvil is secured with 2–0 Vicryl purse-string 
stitch. The colotomy on the specimen side, which the anvil 
was initially introduced, is closed with a running suture.

Once the anvil is in place, the colon is divided, and the 
specimen is then placed in the right upper or lower quadrant 
for extraction later.

Next an assistant introduces the circular stapler transanally 
to the level of the rectal staple line. Under direct visualization 

Prostate gland

Seminal vesicle

Anterior plane of dissection (dotted
line)

Fig. 15.11 Anterior 
mobilization of the rectum off 
of the anterior-based 
structures (labeled)

Fig. 15.12 Distal rectal division with robotic stapler

Fig. 15.13 Division of sigmoid mesentery to divide the proximal 
colon
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the stapler is opened completely, the anvil connected to the 
stapler, and the stapler is then closed and deployed. Great care 
should be taken to assure the descending colonic conduit is 
correctly oriented and the mesentery remains on the posterior 
aspect of the anastomosis.

An alternative to this intracorporeal anastomosis is an 
extracorporeal anvil placement. For this, the mesentery is 
divided to the intended proximal transection site robotically. 
ICG is administered to confirm blood supply. The robot arms 
are undocked from the port sites, and the robot is backed 
away from the patient but kept sterile in case redocking is 
needed. A Pfannenstiel incision is made, and the abdomen is 
entered. The rectum is brought through this site, and a purse- 
string device is placed at the proximal site on the descending 
colon. The specimen is passed off, and the anvil is placed and 
secured. The colon and anvil are returned to the abdomen, 

and the insufflation is re-established. We continue to use the 
robotic camera here. An assistant introduces a stapler into 
the rectum. This is opened and connected to the anvil. The 
alignment of the colon is checked to rule out any twisting of 
the mesentery, and finally the stapling unit is closed and 
deployed.

 Anastomotic Leak Test

Regardless of how the anastomosis is created, we keep the 
robot draped in sterile in case there is a leak detected on 
pneumatic testing. If this is the case, then the surgeon may 
choose to revise the entire anastomosis or oversew the anas-
tomosis and create a diverting ostomy. Both scenarios 
involve repeat pneumatic testing.

Step 1

Step 2

Step 3

Proximal colon

Colotomy

Proximal colon

Proximal Colon

Proximal staple line

Specimen

Colotomy closed with tail of suture
kept outside of colotomy closure

Cut edge of suture grasped and
pulled through staple line

Distal staple line

Distal staple line

• 0-Vicryl suture passed through eyelet
  of EEA anvil spike, then affixed to anvil

• Anvil placed intraluminally with suture
  outside colotomy

Fig. 15.14 Intracorporeal end-to-end anastomosis
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To perform pneumatic testing, the pelvis is filled with irri-
gation in order to submerge the anastomosis. Proximal to the 
anastomosis, the colon is gently clamped off, while a sig-
moidoscope (either rigid or flexible) is then introduced into 
the anal canal and advanced to the anastomosis. The anasto-
mosis is identified and gently traversed. The appearance of 
bubbling in the pelvic irrigant indicates anastomotic disrup-
tion, which should immediately be examined and corrected. 
The endoscopy also allows the surgeon to check for bleeding 
at the staple line. Excessive bleeding may be managed with 
judicious use of cautery or an endoscopic clip.

 Creation of a Diverting Loop Ostomy 
and Completion of the Operation

A loop of ileum is selected laparoscopically approximately 
15  cm proximal to the ileocecal valve and brought out 

through the previously marked ileostomy site. The remain-
ing fascial and skin incisions are closed in a standard man-
ner, and the operation is completed.
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Robotic Abdominoperineal Resection

Joshua MacDavid and Ovunc Bardakcioglu

 Introduction

Numerous advances in robotic colorectal surgery have been 
made since the first robotic colectomy was performed in 
2002 by Weber et al. [1]. New technologies such as haptic 
feedback, single-port systems, and eye-sensing camera 
technology are only some of a plethora of advancements 
that will be seen in the near future. Initial drawbacks to 
robotic surgery were steep learning curves, operative time, 
cost, and availability. Now, as robotic-assisted techniques 
have become more widespread, many of these initial limita-
tions have been mitigated. Increasing evidence is showing 
robotic- assisted surgery to be superior to traditional laparo-
scopic, as in the case of rectal surgery, given the increased 
visibility and degrees of freedom afforded by robotic 
instruments. Given the narrow surgical field and proximity 
to major reproductive organs and autonomic centers, rectal 
dissections are challenging even for experienced surgeons. 
Herein we describe our technique of robotic-assisted cylin-
drical abdominoperineal resection, where the abdominal 
dissection is carried through the levator muscles, providing 
a complete total mesorectal excision with adequate circum-
ferential resection margins (CRM) specifically at the level 
of the levator plate, while limiting open pelvic floor dissec-
tion from the perineum.

 Background

The abdominoperineal resection (APR) is performed pri-
marily for cancers in the lower third of the rectum where 
the sphincter complex cannot be salvaged. An APR 

includes total mesorectal excision along with resection of 
the sphincter complex and a portion of the pelvic floor 
musculature and perineum. The original total mesorectal 
excision, as described by Heald, drastically improved 
overall survival and local recurrence of rectal cancer [2]. 
The technique is considered standard of care in both the 
low anterior resection and the abdominoperineal resection 
and involves carrying sharp dissection in the avascular pre-
sacral plane anterolaterally until the entirety of the meso-
rectal envelope and its contents are excised. In APR, the 
dissection is continued through the levator musculature 
either via an abdominal approach or as a continuation of 
the perineal dissection.

Miles described the original APR in two phases. The first 
consisting of the abdominal mobilization of the rectum until 
the levator musculature, with the maturation of a colostomy 
and abdominal closure. The patient was then flipped over 
into the prone position where an extensive perineal dissec-
tion could be performed [3]. Miles advocated for taking the 
levators “as far outwards from their origin from the white 
line” [3, 4]. This wide resection of the levator musculature 
yields a cylindrical specimen. A recent retrospective study 
using morphometric data performed by West et al. showed 
that this traditional cylindrical approach yielded lower rates 
of positive circumferential resection margins (14.8% vs. 
40.6%) and lower rates of intraoperative perforations (22.8% 
vs. 3.7%) [5]. Major drawbacks to this technique were 
increased operative time given that the two dissections could 
not be performed at the same time, and there was a tendency 
to perform a much wider excision of the perineum than what 
was necessary, taking the resection through to the origins of 
the levator muscles near the pelvic sidewall. This led to an 
increased size of the perineal defect and greater perineal 
morbidity [6]. If the perineal dissection was performed in a 
more conservative approach, there was a greater risk of 
tumor perforation given the paucity of mesorectum at the 
anorectal junction [7, 8].

The current technique for abdominoperineal resection 
involves carrying the dissection down the mesorectal 
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envelope to the levators, where a second surgical team 
works on the perineal dissection, carrying the dissection 
through the levator muscles until met from above [9]. 
Given that the mesorectum tapers significantly as the leva-
tor muscles are approached and is nearly absent at the 
level of the anorectal junction, carrying out the above dis-
section will yield a conical, rather than cylindrical, speci-
men. The incompleteness of the total mesorectal excision 
will yield higher rates of circumferential resection margin 
positivity and local recurrence. The Dutch TME/TME and 
radiotherapy trial found that APR total mesorectal exci-
sions were poorly excised, with only 34% showing com-
plete excision, whereas 73% of anterior resections showed 
complete excision [9].

Given the numerous benefits of minimally invasive 
colorectal surgery, including shorter length of stay, earlier 
return of bowel function, and less analgesic requirements, 
it is becoming at minimum the standard of practice [10]. 
The debate is now between whether robotic surgery is 
superior to traditional laparoscopic. In their study of 113 
patients, Baik et al. provided evidence for the superiority of 
the robotic low anterior resection over laparoscopic low 
anterior resection, with robotic resections achieving a sig-
nificantly better mesorectal grade [11]. Additionally, the 
overall complication rate was nearly double in the laparo-
scopic group when compared to the robotic group, 19.3% 
vs. 10.7%, respectively. Given the technical challenge of 
laparoscopic rectal dissections, six of the patients in the 
laparoscopic group required conversion to open secondary 
to rectal perforation, hemorrhage from lateral pelvic wall, 
or severely compromised visualization from an anatomi-
cally narrow pelvis. Operative times were not significantly 
different between the two groups. In a similar study, Bedrili 
et al. showed the quality of TME specimens was superior in 
patients undergoing robotic resections [10].

The benefits of robotic surgery are numerous. Dissection 
of the rectum requires tremendous precision given the prox-
imity to reproductive organs and major autonomic nerves 
[12, 13]. We would agree with deSouza et al. that the robot 
offers superior retraction, an enhanced three-dimensional 
field of view, and human anatomical articulation, all allow-
ing for a more precise and superior dissection. These “7 
degrees of freedom” and 90-degree articulation mimic 
human anatomy allowing the surgeon real-life ergonomic 
control [13].

Our approach, first described by Marecik et al., employs 
robotic transabdominal transection of the levator muscles 
with robotic dissection carried into the subcutaneous tissue 
[7]. This allows for an appropriate oncologic resection that 
limits the risk of tumor perforation and perineal morbidity 
while providing the benefits of minimally invasive surgery 

with the technical superiority of robotic surgery. Though 
large trials have yet to be performed specifically analyzing 
robotic transabdominal levator resection, our experience 
leads us to believe that it offers a tailored approach of divid-
ing the levator muscles leading to adequate R0 resection and 
minimizing larger perineal defects and subsequent 
morbidity.

 Preoperative Planning

 Indications

The robotic abdominoperineal resection is primarily per-
formed for adenocarcinoma in the lower third of the rectum 
where the sphincter complex cannot be spared and patients 
with preexisting fecal incontinence. Additional indications 
include recurrent anal squamous cell carcinoma.

 Contraindications

Relative contraindications are extensive adhesive disease 
discovered during initial exploration.

 Workup

All patients require a complete colonoscopy to evaluate for 
synchronous disease. Obtaining accurate information about 
the size and distance from the sphincter complex is neces-
sary by digital rectal exam and proctoscopy. Staging includes 
a CT of the chest abdomen pelvis to evaluate for distant 
metastases, and a pelvic MRI should be performed not only 
for local staging but particularly in anterior tumors to rule 
out invasion into adjacent organs and need for exenteration. 
Patients will then undergo stage-dependent neoadjuvant 
therapy or immediate surgery.

 Room Setup and Positioning

The best technique is to place the patient in the modified 
lithotomy position with both arms tucked. The lithotomy 
positioning allows for on-table colonoscopy to be performed. 
The robot will be docked from the left of the patient. It is 
important to secure the patient such that sliding will not 
occur, as the patient will need to be placed in steep 
Trendelenburg position to facilitate exposure. Some find the 
usage of a bean bag or a gelpad to be helpful. All extremities 
should be appropriately padded to prevent nerve injury.
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 Operative Steps

To facilitate easier reading, all technicalities are in reference to 
the da Vinci Xi system (Intuitive Surgical, Inc., Sunnyvale, CA).

 Exploratory Laparoscopy, Port Placement, 
and Docking

Port placement will vary with patient body habitus; however 
it is important to have a general set of rules. The da Vinci Xi 
system requires a minimum of 8 cm distance between ports. 
The optimal distance from the camera to the area of interest 
is between 10 and 20 cm. If the camera is placed greater than 
20  cm away, there will be difficulty obtaining appropriate 
reach with the instruments.

There are numerous ways to enter the abdomen and obtain 
capnoperitoneum. We prefer to place a 5 mm left upper quad-
rant laparoscopic port for using the OptiView technique, 
which is then exchanged to an 8 mm robotic port. The insuf-
flation is then attached to this port (R4). A 12 mm staple port 
(R1) is then placed in the right lower quadrant either medial or 
lateral to the inferior epigastric ports depending on the patient’s 
body habitus. The distance between these two ports is then 
measured, and the remaining two 8 mm robotic ports (R2, R3) 
are placed equidistant in this oblique line. An assistant 5 mm 
port is to be placed in the right upper quadrant. We prefer to 
use the AirSeal access port (CONMED, Utica, NY) (Fig. 16.1). 
An alternative port configuration can be used if reconstruction 
will be performed with a robotic rectus muscle flap (Fig. 16.2).

Exploratory laparoscopy with a thorough examination of 
the abdominal and pelvic cavity should be performed as the 
first step to rule out metastatic disease and determine the fea-
sibility of a robotic approach. Both the surgeon and the assis-
tant stand on the patient’s right side, and the patient is placed 
in steep Trendelenburg with the left side up, approximately 
15° to facilitate movement of small bowel and omentum out 
of the pelvis.

Initial setup includes fenestrated bipolar grasping forceps 
on R3 and a tip up grasping forceps on R4 to facilitate recto-
sigmoid retraction to the abdominal wall. The camera is used 
through the R2 port, while monopolar curved scissors are 
placed through R1.

 Establishment of the Presacral Plane 
and Ligation of the IMA

Steep Trendelenburg is maintained with the left side up, the 
small bowel and omentum are retracted out of the pelvis, 
and the rectosigmoid is elevated to the abdominal wall. 

Using monopolar shears through R1, the peritoneum is 
incised posterior to the inferior mesenteric vessels at the 
level of the sacral promontory, allowing entrance into the 
avascular presacral plane (Fig. 16.3). This “holy plane” is 
anterior to the presacral fascia, otherwise known as the 
endopelvic fascia. It is important not to violate this layer, as 
the pelvic and sacral splanchnic nerves as well as the infe-
rior hypogastric plexus lie behind it. At this point the supe-
rior rectal artery should be identified along with the left 
ureter. The ureter can be found posterior to the inferior mes-
enteric artery (IMA), deep to the parietal peritoneum and 
medial to the gonadal vessels. It is important however to not 
perform deep dissection in order to facilitate ureter expo-
sure as there are nearby autonomic centers and the iliac ves-
sels. Occasionally, the ureter will be found on the posterior 
portion of the inferior mesenteric pedicle. The inferior mes-
enteric artery pedicle, including the inferior mesenteric 
vein, should be visualized at this point and taken with a 
robotic vessel sealer or stapler (Fig. 16.4).

Fig. 16.1 Port configuration: R1, 12 mm staple port; R2, camera port; 
R3, fenestrated bipolar grasping forceps; R4, grasping forceps; A, assis-
tant port. All numeric values in millimeters
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 Mobilization and Division of the Left Colon

Mobilization and division of the left colon proceed in a medial 
to lateral fashion. The left colon mesentery is divided using 
the vessel sealer in R1 or R3 cranially starting at the previ-
ously divided IMA pedicle toward the junction of sigmoid 
colon and descending colon. Dissection then proceeds later-
ally up the white line of Toldt. Mobilization of the splenic 
flexure is not usually required and dissection only needs to be 
carried out to obtain adequate reach of the descending colon 
to the abdominal wall. The colon is then divided with a 45 mm 
green load robotic stapler through the R1 port.

 Dissection of the Mesorectum and Total 
Mesorectal Excision

The dissection of the mesorectum proceeds in the “holy 
plane” using Heald’s technique, starting the dissection poste-
riorly and finishing in the anterior plane.

 Posterior Dissection
Using R4, the rectosigmoid is elevated to the anterior 
abdominal wall. Dissection then proceeds in this presacral 
space using R1 and R3 that has previously been exposed. 
We prefer to use sharp dissection with monopolar scissors 
through R1 (Fig. 16.5). It is important to identify and pre-
serve the fascia propria of the rectum. The dissection is 
continued down well above the anorectal junction through 
Waldeyer’s fascia. It is crucial not to proceed to the ano-
rectal junction as it would be in a low anterior resection in 

Fig. 16.2 Alternative port configuration for robotic rectus muscle flap. 
R1–R4, robotic arm configurations; A1, 5  mm assistant AirSeal port 
changed to 8 mm robotic port for flap; A2, 8 mm robotic port placed for 
flap. All numeric values in millimeters

Fig. 16.3 Entry into the presacral space

Fig. 16.4 Isolation of the IMA
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order to prevent coning of the specimen. Initial complete 
posterior dissection greatly facilitates further lateral and 
anterior dissection.

 Lateral Dissection
The lateral pelvic space is exposed by applying medial and 
superior traction on the rectosigmoid and countertraction of 
the pelvic sidewall through R3 and R4. The hypogastric 
nerve and its branches can be seen directly posterolateral to 
the dissection plane, protected by the lateral pelvic wall fas-
cia. It is very important to not violate the fascia as damage to 
the nerves may lead to autonomic dysfunction. Dissection 
starts on the patient’s right side, taking down the lateral rec-
tal stalk. The anterior reflection of the peritoneum is divided, 
and dissection of the left lateral stalk is performed in the 
same fashion (Fig. 16.6).

 Anterior Dissection
The location and stage of the rectal cancer will determine 
whether or not dissection will proceed either anterior or pos-
terior to Denonvilliers’ fascia. In males, the prostatic and 
vesicle plexus along with the seminal vesicles is located in 
the space just anterior to Denonvilliers’ fascia. The risk of 
damage is much greater when dissection is to be performed 
anterior; however it may be necessary. The anterior perito-
neal reflection is incised at the rectovesicular or rectouterine 
pouch. An assistant can facilitate anterior dissection by 
retracting the rectum out of the pelvis. R3 and R4 should be 
used to retract either the prostate and seminal vesicles in 
males or the vagina in females upward, while the R3 or R4 
provides countertraction pulling the rectal wall out of the 
pelvis and downward (Fig. 16.7). It is helpful here to grasp 
the peritoneal reflection which was created with the initial 
incision within the Douglas pouch. Sharp dissection pro-
ceeds distally taking care to avoid excessive lateral dissec-
tion given the proximity of autonomic nerves as well as 
hypogastric veins and tributaries. Any remaining portions of 
the lateral rectal stalks are divided.

At this point, once all tissue has been dissected off close to 
the levator complex and it is circumferentially exposed, tran-
section of the levators is performed using electrocautery as 
lateral as possible to allow a cylindrical excision. Based on 
preoperative MR imaging, this dissection can also be tailored 
to perform a wider excision on one side only. It is important 
to not carry the dissection between the levators and the rectal 

Fig. 16.5 Posterior TME dissection

Fig. 16.6 Lateral TME dissection
Fig. 16.7 Anterior TME dissection, tumor invasion into vaginal wall 
prior to perineal dissection
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wall, as violation of the tumor plane may occur. Dissection is 
then carried into the ischiorectal fat, completing the robotic 
portion of the procedure. Of note when performing a proctec-
tomy for benign disease, the levator is not transected, and dis-
section should continue between the levators and the rectal 
wall, as having the levators and external sphincter complex 
preserved will aid in closure of the perineum and potentially 
decrease perineal morbidity and hernia rates. Thus, a tailored 
robotic dissection of the levator muscles may allow an R0 
excision and decreased morbidity.

 Perineal Dissection

In a circumferential fashion, wide excision of the anus and 
perineal tissue is performed. The lateral margin should be 
about 1–2 cm from the anal verge. Dissection is carried into 
the ischiorectal fat until the previous robotic dissection is 
met. Once circumferential excision has been performed, the 
specimen is extracted from the perineal wound. If performed 
in an appropriate fashion, the specimen will be cylindrical in 
nature with intact fascia propria.

 Port Site Closure and Colostomy Maturation

A colostomy is completed in a standard fashion according to 
surgeon preference. The 12 mm RLQ port is closed using an 
assisted closure device such as the Carter-Thomason 
(CooperSurgical, Trumbull, CT).

 Perineal Closure and Reconstruction

Depending on the size of the perineal defect, closure may be 
performed primarily or with various pedicle flaps. If per-
forming primary closure, the levators are imbricated with 
2–0 Vicryl sutures with the subcutaneous and superficial tis-
sues closed with 3–0 Vicryl. The skin is closed with inter-
rupted 2–0 nylon sutures.

Preoperative radiation has been shown to greatly increase 
the odds of developing a perineal wound complication when 
primary closure is performed, with some authors quoting a 
2–10-fold increase in complications [14]. Flap reconstruc-
tion provides volume as well as highly vascularized healthy 
tissue with the primary goal of maximizing healing and min-
imizing complications. However, flap reconstruction is not 
without substantial risks. Longer operative times, the risk of 
flap failure, and additional donor site morbidity are compli-
cations that can arise [14].

Reconstructive flaps can be separated into two main cat-
egories: fasciocutaneous flap and myocutaneous flaps. 
Common fasciocutaneous flaps include the anterolateral 

flap, the tensor fascia lata flap, and the V-to-Y advancement 
flaps. Pedicled myocutaneous flaps include the vertical rec-
tus abdominus myocutaneous (VRAM) flap, the gracilis flap, 
and the gluteus maximus flap. A recent single-institution 
study by Scheckter et al. demonstrated that pedicled muscle 
flaps had overall lower rates of complications than local fas-
ciocutaneous flaps, with the VRAM flap being superior to 
the gracilis flap [15]. In our institution we utilize a roboti-
cally harvested VRAM flap or gracilis flap.

The reconstructive technique for each of these flaps is 
beyond the scope of this text. Consultation with an experi-
enced reconstructive surgeon should be initiated prior to 
resection.
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Robotic Inguinal Hernia

Peter Michael Santoro and Anthony R. Tascone

 Introduction

Few procedures could be considered more “bread and butter 
general surgery” than the inguinal hernia repair. Inguinal 
hernia surgery is the most common general surgical tech-
nique performed in the United States with approximately 1 
million procedures performed annually [1]. Herniation 
involving the groin region is a common ailment affecting 
both men and women, with lifetime risk of developing ingui-
nal hernias estimated at 27% in men and 3% in women [2], 
while development of femoral hernia is more than twice as 
likely in women as compared to men.

Inguinal hernias are caused by a weakening of the abdom-
inal wall fascia, leading to an opening through which perito-
neum protrudes. Inguinal hernias are more common on the 
right side than on the left and are ten times more common in 
men than women. They can be divided into direct and indi-
rect types, whereby a direct hernia protrudes medial to the 
inferior epigastric vessels traversing Hesselbach’s triangle, 
while an indirect hernia represents a defect lateral to the ves-
sels and traverses the inguinal canal traveling with the com-
ponents of the spermatic cord. Indirect inguinal hernias are 
twice as common as direct hernias. Femoral hernia can be 
included in the discussion of groin hernias, and these occur 
medial to the femoral vessels through the femoral space.

The major risk factors for inguinal hernias are male sex, 
advanced age, and family history. Other risk factors include 
chronic obstructive pulmonary disease, smoking, high intra-
abdominal pressure, collagen vascular disease, thoracic or 
abdominal aortic aneurysm, patent process vaginalis, his-
tory of open appendectomy, and peritoneal dialysis [3]. 
There is no conclusive evidence to show that heavy lifting is 
a risk factor.

Inguinal hernias are diagnosed by physical examina-
tion. A visible bulge may be present in the groin area, 

sometimes induced with straining. If no bulge is visible, a 
mass can be palpated protruding through the external 
inguinal ring with straining (asking the patient to cough) 
and Valsalva maneuver. Patients may endorse symptoms of 
pain, burning, or heaviness associated with the bulge. 
Patients with symptomatic inguinal hernias should be 
offered repair, although watchful waiting in patients with 
reducible hernias is also an acceptable strategy in certain 
patient populations [4].

Over the years the techniques utilized for inguinal hernia 
repair have evolved substantially. Early repairs were primar-
ily completed by closing the defect using the patient’s native 
tissue, as described in the various tissue repair techniques. 
However, due to closure of the hernia defect with excessive 
tension, these techniques were fraught with high recurrence 
rates [5]. Use of prosthetic mesh in inguinal hernia repairs 
was a major breakthrough, leading to a reduction in hernia 
recurrence by 50–75% and a lower risk of chronic groin pain 
compared to the primary tissue repairs [6]. Inguinal hernia 
repair continued to evolve with the advent of laparoscopy. 
Laparoscopic inguinal hernia repair techniques aim to utilize 
the preperitoneal space to place a piece of synthetic mesh 
over the entire myopectineal orifice. This space can be 
entered directly from the abdomen by incising the perito-
neum (TAPP) or by gaining access to the preperitoneal space 
without entering the abdomen (TEP). Regardless of the spe-
cific method used, laparoscopic herniorrhaphy has been 
shown to result in less initial pain and an earlier return to 
normal activities compared to the open technique [7].

Current guidelines suggest that open or laparoscopic 
inguinal hernia repairs are comparably safe and effective in 
treating primary, unilateral inguinal hernias [8, 9]. The lapa-
roscopic (or minimally invasive) approach, however, is the 
preferred method of repair for bilateral inguinal hernias and 
recurrent inguinal hernias previously repaired using an open 
approach [8, 9].

To date, there has been little published regarding the spe-
cific role of robotic surgery in the field of inguinal hernia 
repair. Regardless, the robotic platform, with its improved 
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dexterity and 3D visualization, serves as an excellent tool to 
aid the general surgeon in performing a minimally invasive 
inguinal hernia repair. The world of robotic hernia surgery 
has been rapidly evolving and expanding in the last several 
years. With the help of social media, closed Facebook groups 
including the International Hernia Collaboration (IHC) and 
the Robotic Surgery Collaboration (RSC) have allowed her-
nia surgeons around the world to collaborate and discuss new 
techniques with a common goal of providing excellent out-
comes for patients undergoing hernia surgery. Inguinal her-
nia surgery is a commonly discussed topic as robotic inguinal 
hernia surgery has gained much notoriety and is quickly 
becoming a popular technique utilized by hernia surgeons 
for everything from unilateral primary inguinal hernias to 
complex recurrent hernias.

 Preoperative Planning

Hernia involving the groin is a common pathology, affecting 
up to 5–7% of the general population, including the very 
young to the elderly. By far, the most common type of groin 
hernia is the indirect inguinal hernia, followed by direct and 
femoral hernias. Regardless of anatomic location, patients 
most frequently present to the surgeon for inguinal hernia 
due to the presence of a bulge in the groin. To a lesser extent, 
pain can be associated with groin hernia; however this type 
of hernia is not typically painful unless it has become either 
incarcerated or strangulated.

It is at least academically interesting to attempt to predict 
which type of herniation of the groin a patient has prior to 
taking them for surgical repair. The availability of computed 
tomography (CT) scanners in the present day eases this task. 
However, typically these hernias can be differentiated based 
on physical exam with some certainty. Examining a patient 
while standing and palpating the inguinal region frequently 
yields a diagnosis. A bulge originating at the external ring 
and pulsating down toward the scrotum on Valsalva maneu-
ver is consistent with an indirect inguinal hernia, while a 
bulge medially thru the inguinal floor closer to the pubic 
tubercle frequently represents a direct hernia. A femoral her-
nia occurs through the femoral space and presents as a bulge 
on the lower abdomen or upper thigh, below the inguinal 
ligament. It is useful to get a sense of what type of hernia a 
patient has going in to surgery. However, regardless of which 
of these is present, either one or all of them, the surgical 
approach and technique in robotic inguinal hernia surgery 
are essentially the same, which will be discussed in a later 
section.

There are many considerations which one must take into 
account when planning on approaching a patient’s inguinal 
hernia robotically. Some of these are common to most mini-
mally invasive operations, but several are specific to this 

operation. Prior surgical history must be reviewed, and a 
careful history about this topic should be discussed with the 
patient. Types of abdominal operations in the past, surgical 
approach, etc. are very important pieces of information 
which can be used to risk stratify patients in regard to the 
presence of intra-abdominal adhesions and possibility of vis-
ceral injury on abdominal entry. Knowledge of history of 
prior hernia repairs is a must as well, including surgical 
approach for the previous repairs. A recurrent hernia previ-
ously repaired minimally invasively may warrant an anterior 
(open) approach in certain instances. In addition, history of 
pelvic surgery, particularly open or robotic prostatectomy in 
men, is vital information. In this situation, the preperitoneal 
dissection required for robotic inguinal hernia surgery will 
likely be more difficult, particularly medially, due to the dis-
section required to perform a prostatectomy. Pelvic irradia-
tion further complicates the matter, and the surgeon should 
be well informed about this history prior to any attempt at 
robotic inguinal herniorrhaphy.

Not to be forgotten is the patient’s ability to tolerate gen-
eral anesthesia. Robotic surgery necessitates general anes-
thesia as paralysis is required, and in certain situations a 
patient may not be an ideal candidate for the physiologic 
stress of being placed under general anesthesia. These 
patients may be best suited with an anterior approach under 
either conscious sedation or local anesthesia.

 Setup

Robotic inguinal hernia surgery is performed via a transab-
dominal approach typically utilizing three (3) 8 mm robotic 
trocars, although some surgeons elect to place an additional 
assistant port for passage of suture and mesh or to aid in 
retraction during the case. The operating room should be suf-
ficiently sized to accommodate the daVinci patient cart and 
surgeon console. Typically to complete this operation, there 
is little to no need to move the operating room table. The 
patient is positioned in the supine or lithotomy position. The 
decision on patient positioning is based on where the patient 
cart will be placed relative to the patient and is at the discre-
tion of the operating surgeon. There are many options for 
docking when planning robotic inguinal hernia surgery, 
including pelvic docking with patient in lithotomy position 
and several options for side docking. Other considerations in 
regard to patient preparation include the option to place a 
Foley catheter to decompress the urinary bladder, particu-
larly when the dissection medially is anticipated to be diffi-
cult, and tucking the arms if leaving them out at a 90° angle 
relative to the patient presents difficulty for the bedside assis-
tant. If the arms are tucked at the sides, care should be taken 
to pad the bony prominences to prevent nerve injury 
 intraoperatively. The patient should be carefully and fully 
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secured to the operating room table to prevent any slipping 
or shifting while positioning or during surgery.

If pelvic docking is preferred, the patient is placed in a 
lithotomy position with legs placed in adjustable stirrups, 
and the patient cart is guided toward the patient between the 
legs and adjusted accordingly. Parallel docking, or “side 
docking,” is the preferred approach of the author (Fig. 17.1). 
In this setup, the patient cart is driven into the operative field 
from one side of the patient or the other. There are many 
variations on this type of docking technique. The robot can 
be placed in parallel to the patient on either side of the bed. 
Similarly, the cart can be placed at a 45° angle over the 
patient’s hip. Docking in this fashion from either side facili-
tates access to either groin for either bilateral or unilateral 
repair.

There are several main considerations when docking uti-
lizing this approach. It is important that all robotic arms be in 
line with the pelvis. Again, either side should be easily acces-
sible with the patient cart docked on either side of the patient, 
i.e., a hernia on the right side can be approached with the 
patient cart docked on either the patient’s left or right side. 
With the arms docked in line with the pelvis, both inguinal 
regions can be approached with ease. The patient will likely 
be placed in some degree of Trendelenburg position, and the 

patient cart should be positioned high enough to clear the 
height of the patient’s legs when placed in this position. 
Once docked, it is recommended that the spacing between 
instrument and camera arms be maximized to prevent intra-
operative collisions.

 Procedure

Technical aspects of the robotic transabdominal preperito-
neal inguinal hernia repair will now be described. This is an 
operation that is rapidly gaining popularity due to relative 
technical ease, and patient benefits when compared to open 
surgery including less pain, faster recovery and return to nor-
mal activity, superior visualization, and decreased surgical 
site infections. It is estimated that approximately 20% of all 
inguinal hernia surgery in the United States currently is per-
formed utilizing the daVinci robotic platform. This repre-
sents a tremendous surge in interest from the surgical 
community in minimally invasive hernia surgery, as the lapa-
roscopic approach peaked around 15% nationally and has 
fallen off in recent years with the evolution of robotic hernia 
surgery. The critical principles of this operation when done 
robotically are nearly the same as those when completed 
laparoscopically, namely, establishment of the “critical view 
of the myopectineal orifice,” popularized in text by Jorge 
Daes and Edward Felix described in a letter published in the 
Annals of Surgery in 2016. In this article, they report that 
“the objective of the critical view of the myopectineal orifice 
concept is to teach and standardize MIS inguinal hernia 
repair, facilitate evaluation of videos and live surgery trans-
missions, reduce recurrences, prevent complications, and 
ultimately improve patient care” [10].

With the patient positioned as described in the previous 
section, based on preoperative planning and surgeon prefer-
ence, the abdomen is sterilely prepped and sterile draping 
applied. An 8  mm supraumbilical incision is made, and 
pneumoperitoneum is established to 15 mmHg with method 
of access being surgeon specific. Port placement is critical 
when doing any robotic surgery, and this holds true for 
robotic inguinal hernia surgery (Fig. 17.2). Once the supra-
umbilical port is placed, which will be the camera port, lat-
eral ports should be placed at least 10 cm away laterally on 
either side of the abdomen to minimize instrument and cam-
era collisions. The lateral ports should be high enough also to 
establish several centimeters of clearance from the patient’s 
anterior superior iliac spine (ASIS) to facilitate work higher 
up on the abdominal wall. After appropriate port placement, 
the robot is driven in by operating room staff and docked to 
the trocars based on surgeon preference. The camera is 
inserted into the abdomen, and robotic instruments are 
passed thru the lateral trocars. Once these steps are complete, 
the surgeon scrubs out of the case to proceed to the console.

Assistant

Camera

1 2

Fig. 17.1 Patient cart positioning, side dock
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Initial inspection proceeds to evaluate the contents of 
the hernia sac and type of hernia present whether it be indi-
rect, direct, femoral, or a combination thereof. The choice 
of instruments is at the discretion of the operating surgeon 
but typically includes a grasping tool and an instrument 
that allows for electrocautery, either shears or a hook cau-
tery device commonly. The dissection commences with the 
creation of a peritoneal flap to gain access to the preperito-
neal space. It is suggested that this be made at least 5 cm 
above the uppermost aspect of the hernia defect to allow 
adequate space creation for wide overlap with prosthetic 
mesh. The flap extends from the ipsilateral median umbili-
cal ligament to the ASIS. Care should be taken during this 
initial step to avoid injury to the inferior epigastric artery 
which courses vertically along the abdominal wall origi-
nating from the external iliac artery. Once the peritoneal 
flap is opened, dissection through the loose areolar tissue 
in the preperitoneal space ensues. Peritoneum should be 
followed carefully. Dissection is initially taken medially to 
identify and expose Cooper’s ligament (Fig.  17.3). The 
dissection should extend medially at least to the pubic 
symphysis and, in the case of a large direct hernia, to the 
contralateral Cooper’s ligament. During exposure of 
Cooper’s ligament, the presence of a direct hernia will be 
evaluated, as the direct space is immediately superior to 
the ligament, within Hesselbach’s triangle. If present, 
reduce herniated preperitoneal fat in the direct space. Once 
Cooper’s ligament is identified, its dissection should con-
tinue laterally to the level of the external iliac vein. This 
step allows for evaluation of the femoral space and, if pres-
ent, reduction of contents.

After the medial dissection is completed, attention is 
turned laterally. Following the peritoneal flap, preperitoneal 
fat laterally is cleared back away from the peritoneum and 
spermatic cord structures. Dissection laterally proceeds care-
fully as to not injure or traumatize the peripheral nerves run-
ning in the triangle of pain below the iliopubic tract in this 
area. Lateral dissection should continue to the level of the 
lateral border of the psoas muscle. An indirect sac, if present, 
can now be dissected and reduced. The sac must be dissected 
off of the spermatic cord and mobilized sufficiently posteri-
orly. The spermatic cord elements must be parietalized 
 adequately to avoid mesh disruption due to inadequate poste-
rior dissection. This step is most frequently not completed 

Fig. 17.2 Port positioning

Fig. 17.3 Inguinal anatomy. PS pubic symphysis, SR space of Retzius, 
CL Cooper’s ligament, VD vas deferens, SC spermatic cord (testicular 
vessels), DS direct space, IS indirect space (inguinal canal), IPT iliopu-
bic tract, TD triangle of Doom, TP triangle of pain
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appropriately and accounts for the majority of posterior repair 
failures. Care should be taken during this process, being 
aware that the iliac artery is directly deep to this area between 
the vas deferens and gonadal vessels, i.e., the triangle of doom 
(Fig. 17.3). Adequate dissection can be assured by pulling up 
on the peritoneal flap and then toward the camera. If the cord 
structures are not disrupted by this motion and continue to lie 
flat on the retroperitoneum without tenting upward, parietal-
ization of the cord is complete. An effort should be made to 
try to identify and reduce cord lipomas, which typically run 
lateral to the cord elements and into the inguinal canal. These 
do not require resection, rather complete reduction, and once 
mesh is placed, the lipoma may be placed behind it. Once 
complete dissection of the MPO is accomplished, a synthetic 
mesh of the surgeon’s choice may be deployed. If placing 
mesh that requires fixation with either sutures or tacks, care 
should be taken to avoid the so-called triangle of pain bounded 
by the iliopubic tract and the spermatic vessels, thereby 
avoiding injury to the peripheral nerves passing through this 
area. Robotic technology and instrumentation allow for easy 
suturing techniques and obviate the need for expensive tack-
ing devices in most situations.

The mesh should lie flat without any creases, and there 
should be adequate clearance between the inferior border of 
the mesh and the posteriormost dissection of the parietalized 
cord and peritoneum. This prevents subsequent folding (so-
called tacoing) of mesh due to inadequate posterior dissec-
tion as described above. In addition, there should be wide 
overlap of mesh to cover the defect, and an appropriately 
sized mesh should be chosen. Once the mesh is deployed and 
fixated, positioned appropriately, and hemostasis is evalu-
ated and ensured, closure of the peritoneal flap is completed. 
This can be done in a variety of ways, typically with a run-
ning barbed suture thanks to the intuitive nature of robotic 
sewing.

 Postoperative Care

Robotic inguinal hernia surgery is typically done as an out-
patient procedure, either at an outpatient surgicenter or a 
hospital. The immediate postoperative management includes 
ensuring adequate pain control if necessary. Urinary reten-
tion can also be an issue in the immediate postop period, 
particularly for older men with prior history of retention or 
hesitancy related to prostatic hypertrophy. It is recommended 

in these instances that patients remain at the facility where 
the procedure was performed until able to void.

Once the patient is home, instructions should be clear 
regarding activity restrictions. Typically it is recommended 
that the postoperative patient remain active. A heavy lifting 
and strenuous activity restriction is frequently recommended 
to allow healing and scarring of mesh to occur. At the follow-
up appointment, physical exam is performed. The groin 
should be examined and early recurrence ruled out. The area 
of the inguinal canal should be examined for development of 
seroma. Seromas form more commonly after repair of large 
hernias, since reduction of a large hernia sac can result in 
leaving a potential space in which fluid can collect. It is 
uncommon that any intervention need be done for seromas in 
the inguinal region. They almost always resolve with time. 
Each surgeon makes recommendations to his/her patients in 
regard to duration of activity restriction. Typically the patient 
is able to resume normal activities in a matter of weeks. This 
approach to inguinal hernia repair is generally very well tol-
erated and results in excellent surgical outcomes.
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Robotic Transabdominal Preperitoneal 
Repair for Ventral/Incisional 
and Atypical Hernias

Anushi Shah and Conrad Ballecer

 Introduction

Robotic transabdominal preperitoneal repair (rTAPP) for 
ventral hernias incorporates skills and techniques learned 
from both open and conventional laparoscopic ventral hernia 
repairs. The rTAPP hernia repair is borrowed from conven-
tional laparoscopic transabdominal preperitoneal repair 
(TAPP) for the treatment of groin hernias [1]. This technique 
is built upon utilizing an uncoated mesh placed in a preperi-
toneal position [1, 2]. The robot allows for improved vision, 
ergonomics, and precision in separating and dissecting the 
individual layers of the abdominal wall. The preperitoneal 
approach allows for mesh to be placed in a position protected 
from the intra-abdominal content, thereby, reducing risk of 
visceral adhesions to mesh and perhaps eliminating the 
requirement of extensive mesh fixation [1–5]. This chapter 
introduces rTAPP for ventral and incisional hernias.

 Anatomy

The key to rTAPP is to have adequate understanding of the 
individual layers of the abdominal wall. Initial dissection 
begins with incising the peritoneum to enter an avascular 
plane between the peritoneum and transversalis fascia or 
posterior sheath. Blunt and sharp dissection is used to care-
fully develop the preperitoneal plane following the principles 
of adequate 5 cm overlap circumferential to the hernia defect. 
The dissection is complete when the hernia sac is reduced 
and a large preperitoneal plane is developed to accommodate 
an adequately sized mesh. Mesh is placed for reinforcement 
and can be sutures or tacked to abdominal wall at cardinal 
points. The mesh is then covered with the dissected perito-

neal flap. This method is best suited for small- to medium- 
sized ventral hernias and atypical hernias such as subxiphoid, 
suprapubic, flank, and Spigelian defects.

 Preoperative Considerations

A thorough history and physical exam are important in for-
mulating a surgical plan for repair. Individual comorbidities 
such as BMI, smoking history, prior repairs, and immuno-
compromised states can be determining factors for operative 
vs non-operative management.1 In patients with small pri-
mary hernias, a complete history and physical exam is usu-
ally sufficient in preoperative planning. However, abdominal/
pelvis CT can be a useful adjunct especially in patients with 
recurrent and large incisional hernias.

 Operative Steps

 Umbilical Hernias

 Positioning, Port Placement, Docking, 
and Instrumentation
Patient is placed in a supine position on the operating room 
table with bilateral arms tucked. Raising the kidney rest posi-
tioned at the level of the umbilicus can widen the space 
between the costal margin and the pelvic rim in order to 
place trocars with adequate separation. Flexing the bed can 
accomplish the same goal as well. Optional placement of 
Foley catheter can be considered if a prolonged case is 
expected.

A 5 mm OptiView trocar (with or without initial Veress 
insufflation) is used to achieve intra-abdominal access at 
Palmer’s point in the left or right upper quadrant, and pneu-
moperitoneum is established to a pressure of 15  mmHg. 
Under direct visualization, a 12 mm robotic port is placed in 
the mid-lateral abdomen position at least 15  cm from the 
defect. Another 8  mm robotic port is placed in the left or 
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right lower quadrant. The 5  mm OptiView port is then 
replaced with an 8 mm robotic port (Fig. 18.1).

The robot is docked over the contralateral abdomen in 
line with the ports. A 30° up scope is used for initial dissec-
tion of the ipsilateral abdominal wall but can be adjusted to 
0° or 30° down in order to facilitate contralateral preperito-
neal dissection.

 Preperitoneal Plane Dissection, Primary Repair 
of Defect, and Mesh Placement
Adhesions are carefully taken down to adequately visualize 
the hernia defect. The peritoneum is incised at least 5 cm from 
the closest (ipsilateral) edge of the hernia defect with monopo-
lar scissors (Fig. 18.2). Blunt and sharp dissection is used to 

develop the preperitoneal avascular plane. While developing 
the peritoneal flap, cautery should be used judiciously to avoid 
peritoneal and posterior sheath rents. Blunt sweeping with 
adequate countertraction provides safe and easy dissection of 
the peritoneum off the posterior sheath. The hernia sac is 
defined by developing a preperitoneal plane cephalad and cau-
dad to the hernia sac (Fig. 18.3, 18.4 and 18.5). The hernia sac 
is reduced meticulously to avoid peritoneal rents.

After reduction of the hernia sac, the peritoneal plane is 
developed on the contralateral abdomen. Minimum preperi-
toneal dissection is deemed complete when an adequately 
sized mesh with at least 5  cm overlaps in every direction. 
Creating a large flap is helpful to create a redundancy in the 
peritoneum, thereby facilitating its closure.

Fig. 18.1 Patient docking/trocar placement for umbilical/midline ven-
tral hernia

Fig. 18.2 Development of preperitoneal space at least 5 cm from her-
nia site

Fig. 18.3 Gentle reduction of hernia contents

Fig. 18.4 Continuation of preperitoneal dissection past hernia defect 
with use of tension-countertension
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After adequate preperitoneal dissection is completed, the 
hernia defect is primarily closed. This is usually performed 
with absorbable barbed suture in a continuous fashion 
(Fig. 18.6). The anterior dead space of the hernia defect can 
be obliterated by incorporating thin bites of subcutaneous 
skin which recreates an inverted umbilicus. Small peritoneal 
disruptions can be closed with absorbable suture.

An appropriately sized uncoated mesh can be introduced 
through the 8 mm trocar and situated in the preperitoneal 
space against the abdominal wall. The mesh is then fixated 
with tacks or sutures positioned at cardinal points (Fig. 18.7). 
The peritoneum is then re-approximated to cover the mesh 
with tacks or suture. The 12  mm port site is closed with 
absorbable suture (Fig. 18.8).

 Subxiphoid Hernias

 Positioning, Port Placement, Docking, 
and Instrumentation
Atypical hernias such as those located in a subxiphoid loca-
tion or Morgagni diaphragmatic defects are well suited to the 
rTAPP approach. By virtue of sandwiching the mesh within 
layers of the abdominal wall, the difficulty of lack of fixation 
points is overcome. Patient is placed in a supine position on 
the operating room table with bilateral arms tucked. Special 
consideration of the kidney rest at the level of the umbilicus 
or table flexion can be made if the patient has a short torso to 
allow for optimal space between trocars and separation from 
the site of the hernia. Optional placement of a Foley catheter 
can be considered if a prolonged case is expected.

A midline camera port situated at least 15 cm from the 
hernia defect is placed to obtain intra-abdominal access. Two 
8 mm ports are subsequently placed under direct vision at or 
near the same level of the camera port. The robot is docked 

Fig. 18.5 Completed preperitoneal dissection with reduced hernia

Fig. 18.6 Primary repair of suture defect with absorbable locking 
suture

Fig. 18.7 Mesh fixation with tacker at cardinal points on anterior 
abdominal wall

Fig. 18.8 Covering mesh with peritoneal flap with tacker
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over the patient’s left or right shoulder. A 30° up scope is 
used for adequate visualization of the anterior abdominal 
wall.

 Preperitoneal Plane Dissection, Primary Repair 
of Defect, and Mesh Placement
Bowel and omental adhesions are carefully taken down to 
adequately visualize the abdominal wall anatomy and the 
hernia defect. Hernia content if any is reduced safely to avoid 
iatrogenic injury. The peritoneum is incised at least 5  cm 
from the edge of the hernia defect with scissors. Blunt and 
sharp dissection is used to develop a preperitoneal avascular 
plane in a caudal to cephalad direction. In developing the 
peritoneal flap, cautery should be used judiciously to avoid 
peritoneal and fascial defects. Blunt sweeping utilizing trac-
tion/countertraction principles provides safe and meticulous 
separation of the peritoneum from the posterior sheath. The 
hernia sac is reduced and preserved to become confluent 
with the peritoneal flap. The falciform ligament can be mobi-
lized and dissected off the anterior abdominal wall to allow 
for better visualization and can subsequently be used to 
cover any peritoneal defects.

Once adequate dissection of at least 5  cm overlap is 
achieved in all directions surrounding the defect, the defect 
is primarily closed. This is usually performed with absorb-
able barbed suture in continuous fashion.

An appropriately sized uncoated mesh can be introduced 
through 8 mm trocar and situated in the preperitoneal space 
against the abdominal wall. The mesh is then fixated with 
tacks or sutured at cardinal points. The peritoneum is then 
re-approximated to cover the mesh with tacks or suture.

 Suprapubic Hernias

 Positioning, Port Placement, Docking, 
and Instrumentation
The rTAPP approach to atypical suprapubic hernias also 
exploits the enabling quality of the robotic instrument to 
develop a large preperitoneal space and ultimately hide the 
mesh from the visceral content once the peritoneal flap is 
re-approximated.

The patient is placed in a supine lithotomy position on the 
operating room table with bilateral arms tucked. The place-
ment of Foley catheter is recommended as it can help with 
identification and possible reduction of the bladder from the 
hernia defect.

A midline camera port situated at least 15 cm from the 
hernia defect is placed to obtain intra-abdominal access. Two 
8  mm ports are placed at bilateral lateral upper quadrants 
10 cm apart from midline port (Fig. 18.9).

The patient is placed in a reverse Trendelenburg position, 
and the robot is docked in between the patient’s legs 

(Fig.  18.10). Grasper and monopolar scissors are used for 
combination of blunt and sharp dissection. A 0 or 30° angled 
scope is used for abdominal wall visualization.

 Preperitoneal Plane Dissection, Primary Repair 
of Defect, and Mesh Placement
Bowel and omental adhesions are carefully taken down to 
adequately visualize the abdominal wall anatomy and the 
hernia defect. The peritoneum is incised at least 5 cm from 
the edge of the hernia defect with scissors. Blunt and sharp 
dissection is used to develop a preperitoneal avascular plane 
in a cephalad to caudad direction encompassing bilateral 
medial umbilical ligaments at minimum. Wide retropubic 

Fig. 18.9 Suprapubic hernia trocar placement and docking

Fig. 18.10 Suprapubic hernia trocar placement and docking
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and space of Retzius dissection is performed for this type of 
hernia in order to ensure adequate mesh coverage. Anatomical 
visualization and considerations to inguinal anatomy such as 
the retroinguinal space to expose Cooper’s ligaments and 
bladder identification are important for repair of this hernia. 
In developing the peritoneal flap, cautery should be used 
judiciously to avoid peritoneal defects and potential injury to 
the bladder, cord elements, blood vessels, and nerves.

Once adequate dissection of at least 5 cm overlap circum-
ferential to hernia defect is completed, the defect can be pri-
marily repaired. This is usually performed with absorbable 
barbed suture in a continuous fashion. Desufflation of 
 pneumoperitoneum to 6–10 mmHg may help in closing large 
suprapubic defects.

An appropriately sized uncoated mesh can be introduced 
through 8 mm trocar and situated in the preperitoneal space 
against the abdominal wall. The mesh is then fixated at car-
dinal points as well as Cooper’s ligaments. It is important to 
avoid fixation in proximity to the bladder, triangles of doom, 
and pain. The peritoneum is then re-approximated to cover 
the mesh with tacks or suture. All port sites larger than 8 mm 
are closed with absorbable suture.

 Conclusion
rTAPP for ventral/incisional and atypical hernias is an 
emerging surgical method vetted from well-established 
open and laparoscopic principles. The preperitoneal 

approach allows for protection of mesh from intra-
abdominal contents and avoidance of full-thickness trans-
fascial sutures. Inability to access preperitoneal plane 
limits the use of this repair, and other techniques may be 
utilized. However, this is a safe and versatile option for 
repair of abdominal wall hernias. The robot provides 
improved ergonomics, visualization, and precision with 
not only similar patient satisfaction compared to laparo-
scopic repair but also improved physician satisfaction and 
quality of life.
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Robotic Transanal Resection

Giovanni Dapri

 Introduction

Transanal minimally invasive surgery (TAMIS) gained inter-
est in the last decade [1], after the introduction in the laparo-
scopic era of the natural orifice transluminal endoscopic 
surgery (NOTES) [2].

TAMIS represents an evolution of laparoscopic surgery 
applied to the transanal approach and commonly known as 
transanal endoscopic microsurgery (TEM) [3]. TAMIS has 
been described using conventional or specially designed lap-
aroscopic instruments and conventional telescope through 
dedicated transanal ports/platforms [4–5]. The robotic plat-
form can be applied as well to realize the transanal proce-
dures. The main advantage of the robot application is offered 
by the 360° robotic extremities’ rotation in a small and lim-
ited space, like appears to be the rectal lumen. Furthermore, 
the other already reported advantages of robot-assisted lapa-
roscopy, like the surgeon’s comfort, the surgeon’s ergonomy, 
the camera stability, the 3D view, and the double console for 
teaching and training [6], are added.

Different TAMIS applications are nowadays feasible and 
safe, like the middle and giant rectal polypectomy, the down-
to-up total mesorectal excision (TME), and the treatment of 
colorectal anastomotic complications (leak/fistula, bleeding, 
stricture). The transanal approach during polypectomy 
allows the polyps removal, difficult to be removed through 
the endoscopic submucosal dissection, and the final flap/
rectal wall closure. During the transanal down-to-up TME, 
more benefits are achieved like the exact localization of the 
intraluminal tumor, the precise distance between the tumor 
and the anal margin, the transmural rectal section started just 
few cm below the tumor, the improved lateral nerves’ expo-
sure, and the specimen’s extraction through the natural ori-
fice (which avoids additional abdominal incisions and 

consequent risk of ventral hernia). Transanal robot-assisted 
laparoscopy can also be adopted to treat and repair difficult 
situations like the colorectal anastomotic leak/fistula, bleed-
ing, and stricture.

In this chapter the robot-assisted transanal technique for 
these procedures is described in details.

 Technique

 Patient and Robotic Platform Positioning

The patient, under general anesthesia, is placed supine with 
the legs apart in gynecologic positioning. The anal canal and 
rectal ampulla are cleaned by multiple disinfectant lavages. 
The transanal platform is inserted through the anal margin 
into the rectal lumen, and the robotic platform is connected 
to this latter. The console is placed close to the operative 
table as well. The trocars (Fig.19.1) are inserted through the 
transanal platform, keeping in mind one rule of conventional 
laparoscopy, which is the optical system in the middle of the 
created triangulation by the two working instruments [7]. 
Hence, the scope is placed in the central trocar at 6 o’clock 
position, the left-hand instrument (grasper) at the 9 o’clock 
position trocar, and the right hand instrument (cautery, har-
monic, needle driver, shears, clip applier) at the 3 o’clock 
position trocar. An added instrument is inserted through a 
fourth trocar at the 12 o’clock position. A continuous CO2 
insufflation is required and applied through the transanal 
platform.

 Polypectomy

The procedure starts with the rectal lumen exploration allow-
ing the identification of the exact location of the polyps from 
the anal margin. Once the distance is measured, the mucosal 
layer around the lesion is marked by superficial scores with 
the cautery, inserted at 3 o’clock position, keeping some mm 
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free margins. The grasper, inserted at 9 o’clock position, is 
used to retract the mucosal tissue during the cautery or har-
monic incision. The resection is started at 6 o’clock position, 
going laterally on the patient’s right side and left side. Finally, 
the two lateral dissections are joined together at 12 o’clock 
position. The resection is performed with the removal of the 
mucosal and submucosal tissue, skeletonizing the below 
muscular layer or removing the lesion in full-thickness way. 
If perioperative bleeding occurs, the suction device, intro-
duced through the fourth trocar at 12 o’clock position, is 
used. This latter tool is useful during the entire procedure to 
remove the smoke created with the cautery dissection. Once 
the resection is completed, the specimen is removed transa-
nally. The mucosal-submucosal flap or the entire rectal wall is 
subsequently closed using two converging running sutures, 
keeping the grasper at the 9 o’clock position and the needle 
driver at the 3 o’clock position. Polydioxanone (PDS) 2/0 or 
V-lock 3/0 sutures are implemented. The shears are inserted 
through the fourth trocar at the end of the suturing. The suture 
line is checked, and the robotic instruments are removed.

 Down-to-Up TME

The procedure starts with the rectal lumen exploration and with 
the tumor identification. The distance between the inferior edge 
of the malignant lesion and the pectineal line is measured. A 
purse-string suture around the rectal lumen is started at 3 
o’clock position, and it goes to 6, 9, and 12 o’clock positions 

(Fig. 19.2). This suture, placed 1 cm down the inferior edge of 
the malignant lesion, is performed using the grasper on the left 
side of the transanal port/platform and the needle driver on the 
right side of the transanal port/platform. Polypropylene 2/0 
suture is used. Once tied, the suture is cut by the scissors, intro-
duced through the fourth trocar. The rectal stump is completely 
insufflated. The cautery or the harmonic is introduced at the 3 
o’clock position trocar. The mucosal layer is marked with a 
tattoo around the suture knot, staying 1 cm laterally. Then, the 
transmural rectal incision is started at 6 o’clock position, and it 
follows the previous tattoo around the suture knot. The meso-
rectal excision is started at the posterior plane, going deeply 
and searching the presacral fascia (Fig. 19.3). Once the correct 
and avascular plane is found, the dissection is completed for a 
length of 5–10 cm. Then, it goes laterally on the patient’s right 
side and left side. Frequently the inferior and the middle rectal 
arteries are identified during the dissection. These latter vessels 
are freed, clipped by clip applier introduced at 3 o’clock posi-
tion, and cut by shears introduced at 12 o’clock position. The 
sacral lateral nerves are maintained laterally, and the dissection 
is continued going upper in the direction of the promontory. 
The anterior dissection, sectioning the rectoprostatic fascia 
(Denonvilliers’ fascia) or the rectovaginal septum, is per-
formed, only after completing the posterior and the lateral dis-
sections (Fig. 19.4). Douglas’ pouch is opened, after freeing 
the fatty tissue below the rectoprostatic fascia or the rectovagi-
nal septum, and the transanal dissection joins the peritoneal 
cavity. The posterior mesorectal plane is finished with the 
mobilization of the mesorectum from the promontory. The lat-

Trocar at 12 o’clock
position: suction device

Trocar at 9 o’clock
position: grasper

Trocar at 3 o’clock
position: other tools

Trocar at 6 o’clock
position: telescope

Fig. 19.1 Transanal trocars and robotic instruments positioning. 
(Published with kind permission of © Giovanni Dapri MD, PhD, FACS, 
2018. All Rights Reserved)

Fig. 19.2 Transanal TME: beginning of intraluminal lumen closure. 
(Published with kind permission of © Giovanni Dapri MD, PhD, FACS, 
2018. All Rights Reserved)
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eral dissections are finalized as well. At this point the rectal 
resection can be performed completely through the anus, with 
the inferior mesenteric artery and vein sections from below, 
associated to the sigmoid/left colon mobilization. Usually 
colorectal surgeons join the transanal approach to the abdomi-

nal approach in one or two steps, realizing the abdominal 
approach through robot-assisted laparoscopy or conventional 
multi-port laparoscopy or single-incision laparoscopy [8]. 
During the abdominal approach, the vascular dissection, the 
sigmoid/left colon mobilization, and the splenic flexure down-
loading are performed. Once these different steps are finished, 
the specimen is ready to be extracted through the anus, after 
have encircled the rectum in a plastic protection, inserted 
through the anal platform. The robotic instruments are tempo-
rally removed from the patient. Externally to the patient, the 
sigmoid/left colon is cut at the appropriate distance from the 
tumor, and the specimen is sent to the pathologist for analysis. 
A circular stapler anvil, appropriate in diameter, is inserted into 
the sigmoid/left colon lumen. A purse-string suture is applied, 
and the anvil is pushed into the pelvis, through the anal canal. 
The transanal platform is reinserted through the anus, and the 
robotic instruments are repositioned. The rectal stump is closed 
using the grasper at 9 o’clock position and the needle driver at 
3 o’clock position. A polypropylene 2/0 suture is adopted to 
close the rectal stump, and it is started at 6 o’clock position. 
Once the suture is tied and cut, the robotic instruments are 
removed, and the circular stapler is introduced through the anal 
canal, joining the anvil. A colorectal circular mechanical anas-
tomosis is performed. This latter is checked with the reintro-
duction of the transanal port/platform through the anus and the 
patient’s connection to the robot. If no evidence of anastomotic 
complications is apparent, the platform and the robotic instru-
ments are removed.

 Colorectal Anastomotic Complication Repair

In front of an evidence of immediate colorectal anastomotic 
leak or bleeding, a direct repair by transanal approach can be 
realized. The instruments adopted are the grasper through 
the 9 o’clock position, the needle driver through the 3 o’clock 
position, and the shears through the 12 o’clock position. The 
defect is repaired using separated Vicryl 2/0 suture, keeping 
in mind to avoid potential postoperative strictures. As well, 
delayed colorectal fistula can be treated in the same method 
through robot-assisted transanal laparoscopy.

 Author’s Recommendations

 Polypectomy

The cautery is useful to perform this procedure, and the suc-
tion device helps with the smoke’s evacuation created during 
the dissection. The final flap/rectal wall closure can be eas-
ily performed, starting with the first suture at one lateral cor-
ner and joining the other suture, coming from the opposite 
lateral corner, at the middle suture line.

Fig. 19.3 Transanal TME: posterior dissection. (Published with kind 
permission of © Giovanni Dapri MD, PhD, FACS, 2018. All Rights 
Reserved)

Fig. 19.4 Transanal TME: anterior dissection and Douglas’ pouch 
opening. (Published with kind permission of © Giovanni Dapri MD, 
PhD, FACS, 2018. All Rights Reserved)
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 Down-to-Up TME

The TME plane has to be started posteriorly, going deeply in 
the direction of the coccyx. The anterior dissection, which 
includes the rectoprostatic fascia (Denonvilliers’ fascia) or 
the rectovaginal septum sectioning, is performed only after 
the posterior and the lateral dissections have been realized. 
This strategy permits avoiding potential injuries of the ure-
thra, prostate, and vagina. The anterior dissection and rectal 
mobilization have to be performed keeping in mind that the 
length in male patients is longer than in female patients; 
hence Douglas’ pouch opening can be reached fastly and 
suddenly more in female patients than in male patients.

 Colorectal Anastomotic Complication Repair

This philosophy to treat colorectal anastomotic complications 
through transanal approach is quite new, and it has increased, 
thanks to the TAMIS introduction in colorectal surgery [9]. It 
allows the immediate or the delayed treatment of anastomotic 
complications, which usually are difficult to treat. Since the 
robotic instruments allow the surgeon a simplified method per-
forming intraluminal 360° rotation, suturing and knotting tech-
niques are easier through robot-assisted transanal approach.
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Robotic Parastomal Hernia

Peter A. Walker and Shinil K. Shah

 Introduction

Parastomal hernias represent a challenging complication fol-
lowing many common surgical procedures such as colon 
resections and radical cystectomies. Early literature included 
descriptive case series [1] and retrospective reviews [2] indi-
cating a 10% incidence of parastomal hernia formation. The 
majority of these hernias were not believed to be clinically 
significant with only 10–20% undergoing repair. More recent 
literature reviews indicate a much more significant incidence 
of parastomal hernia formation (up to 50%) [3]. In addition, 
the incidence of associated complications including bowel 
obstruction, urinary obstruction, chronic pain, and intestinal 
ischemia were found to be higher than initially belived [4]. 
Furthermore, quality of life scoring showed parastomal her-
nia formation to be associated with decreased physical func-
tion, increased pain, and decreased perception of general 
health [5]. For these reasons, the potential role of risk factor 
optimization prior to index operation and the need for elec-
tive parastomal hernia repairs need to be considered.

Review of the risk factors for parastomal formation shows 
many similarities to incisional hernia data. Evaluation of 165 
patients who underwent elective colectomy with end colos-
tomy formation with 36-month follow-up showed parasto-
mal hernia formation in 37.8% of cases. Furthermore, 
multivariate analysis showed body mass index (BMI) > 25, 
hypertension, female gender, and age > 60 to be independent 
risk factors for the development of parastomal hernia [6]. 
Similarly, Donahue et al. reviewed 433 consecutive patients 
undergoing open radical cystectomy with ileal conduit for-

mation and found the incidence of parastomal hernia forma-
tion to be 48% at 2 years. In addition, multivariate analysis 
once again showed female gender and increasing BMI to be 
independent risk factors for hernia formation as well as poor 
nutrition as indicated by lower serum albumin levels [7].

A large cross-sectional survey of 2854 patients with vary-
ing stoma types (colostomy, ileostomy, and urostomy) was 
also completed via a detailed questionnaire to evaluate 
potential risk factors for the development of parastomal her-
nias. The results indicated that preoperative risk factors such 
as cirrhosis, increased abdominal girth, active smoking, and 
previous hernias were associated with increased risk [8].

Evaluation of the risk factors for parastomal hernia for-
mation is imperative to allow for potential optimization prior 
to operation. Attempts at weight reduction, improved nutri-
tion, and smoking cessation could potentially lead to better 
outcomes. While many stomas are required at the time of 
emergency surgical procedures, the ones that are created on 
a more elective or planned basis may allow for time to 
decrease risk and optimize outcomes.

Despite patient optimization and improving techniques, 
the incidence of parastomal hernia formation remains sig-
nificant. As previously stated, the development of a parasto-
mal hernia increases the risk of bowel and urinary obstruction 
as well as decreases abdominal wall functionality and overall 
health. For these reasons, operative repair is often indicated. 
A review of common parastomal hernia repair techniques via 
open, laparoscopic, and robotic approaches is provided 
below.

 Open Parastomal Hernia Repair

Symptomatic parastomal hernias can greatly increase 
patient morbidity, and up to half of patients require opera-
tive repair. Systematic reviews have evaluated different 
open repair techniques and found that non-mesh primary 
fascial repair was associated with an approximately 50% 
incidence of recurrence. Mesh reinforcement was found to 
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decrease recurrence rates to 7.9–14.8% [9]. An additional 
review completed by Hansson et al. mirrored these results 
showing primary suture repair to be associated with 
increased recurrence rates when compared to mesh repair 
(odds ratio 8.9, 95% CI 5.2–15.1, p  <  0.0001). Overall, 
evaluation of the available literature indicates that mesh 
repair is associated with acceptable rates of infection 
(approximately 3%) while offering improved long-term 
repair durability [10].

Literature discussing open parastomal hernia repair with 
mesh is somewhat limited with early publications consisting 
of small case series or case reports [11, 12]. Later reviews 
evaluated the commonly utilized “keyhole” technique. The 
technique involves lysis of adhesions followed by primary fas-
cial closure at the time of parastomal hernia repair. Next, the 
stoma is pulled through a slit cut in the center of the mesh 
which is either placed in an onlay or sublay position. Fifty-
eight patients undergoing keyhole repair were reviewed by 
Steele et al. and found to have a 36% incidence of morbidity 
(recurrence, obstruction, prolapse, wound infection, fistula, 
and erosion) with recurrence rates of 26% at a mean follow-up 
of 50.6 months [13].

Another commonly deployed repair is the “Sugarbaker” 
technique. The Sugarbaker repair involves lysis of adhesions 
followed by intraperitoneal sublay mesh with broad coverage 
of the stoma. Stelzner et al. completed a retrospective review of 
30 patients undergoing open parastomal hernia repair via the 
Sugarbaker technique with a mean follow-up of 3.5  years 
showing a 15% incidence of parastomal hernia recurrence [14].

An additional consideration during parastomal hernia 
repair is the potential for resiting of the stoma to either the 
ipsilateral or contralateral side of the abdominal wall. An 
early retrospective review compared parastomal hernia repair 
via primary fascial closure and stoma relocation in 94 
patients. The incidence of recurrence was 76% in the pri-
mary fascial closure cohort compared to 33% in the stoma 
relocation cohort (p < 0.01) [15]. An additional small review 
completed of 50 patients by Riansuwan et  al. compared 
stoma relocation and fascial repair during recurrent parasto-
mal hernia repair. The findings were similar with decreased 
rates of recurrence in the stoma relocation group (38% ver-
sus 74%, p  =  0.02) [16]. Overall, the literature available 
evaluating stoma relocation is limited; however, the results 
indicate potential improvement in outcomes when compared 
to primary fascial closure alone.

Review of the literature available for open parastomal 
hernia repair shows significant recurrence rates with an inci-
dence surpassing 50% in some studies. Primary fascial clo-
sure with mesh placement has been associated with a 
decrease in recurrence and is indicated in most cases. With 
the development of improved laparoscopic imaging and 
techniques, the role of laparoscopic parastomal hernia repair 
and the associated potential decreased wound complications 
needs to be considered.

 Laparoscopic Parastomal Hernia Repair

Improvements in laparoscopic techniques have led to their 
widespread utilization for both ventral and incisional her-
nias, including parastomal hernias. Early case reports 
described the feasibility of the technique with intraperitoneal 
mesh placement [17]. More recently, a systemic review was 
completed on the American College of Surgeons National 
Surgical Quality Improvement Project (ACS-NSQIP) data 
comparing all patients that underwent open or laparoscopic 
hernia repair from 2005 to 2011. A total of 2167 cases were 
reviewed; only 10.4% of cases were completed laparoscopi-
cally. After adjusting for confounding variables, laparoscopic 
repair was associated with shorter operative times (137.5 vs. 
153.4  min; p  <  0.05), shorter length of hospital stay by 
3.32 days (p < 0.001), and lower risks of overall morbidity 
(OR = 0.42, p < 0.01) and surgical site infections (OR 0.35, 
p < 0.01) [18]. Unfortunately, a paucity of published longer 
term recurrence data comparing open and laparoscopic repair 
exists at the time of this chapter.

Later retrospective case reviews evaluated laparoscopic 
keyhole repairs in 29 patients (Fig. 20.1). Findings confirmed 
the feasibility of the technique; however, the incidence of 
parastomal hernia recurrence was noted to be 46.4% with 
mean follow-up of 28 months [19]. An additional review of 
55 patients undergoing laparoscopic keyhole repair com-
pleted by Hansson et al. showed similar recurrence rates of 
37% at 36  months after repair. Observations included the 
unacceptably high recurrence rate associated with the tech-
nique and need to consider alternate approaches [20].

A multicenter cohort study was completed evaluating 61 
consecutive patients undergoing laparoscopic parastomal 
hernia repair with the modified Sugarbaker technique using 

Fig. 20.1 Keyhole repair of parastomal hernia. Appearance of stoma 
site after minimally invasive (robotic-assisted laparoscopic) keyhole 
repair of parastomal hernia using bioabsorbable mesh
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prosthetic mesh. The incidence of recurrence at 26 months 
was found to be 6.6% with an overall morbidity of 19% 
(ileus, wound infection, trocar site bleeding, and pneumonia) 
[21]. These findings suggest improve outcomes using the 
Sugarbaker as opposed to the keyhole technique. DeAsis 
et al. recently completed a meta-analysis of 15 manuscripts 
consisting of 469 patients comparing laparoscopic keyhole 
and Sugarbaker repairs. Recurrence rates were found to be 
decreased with the Sugarbaker technique (10.2%, 95% CI, 
3.9–19.0) as compared to the keyhole repair (27.9%, 95% 
CI, 12.3–46.9). Postoperative complications included surgi-
cal site infection (3.8%, 95% CI, 2.3–5.7), infected mesh 
(1.7%, 95% CI, 0.7–3.1), and obstruction (1.7%, 95% CI, 
0.7–3.0) [22].

The utilization of laparoscopic techniques for parasto-
mal hernia could potentially offer decreased length of stay 
as well as surgical site infections with equivalent recur-
rence rates when compared to open repairs. Furthermore, 
the laparoscopic Sugarbaker technique seems to offer 
improved outcomes when compared to keyhole repair. As 
the overall incidence of laparoscopic repair remains low 
(10.4%), novel robotic platforms could offer avenues 
toward decreasing the technical learning curve and encour-
aging more widespread utilization of minimally invasive 
techniques.

 Areas of Debate in Parastomal Hernia Repair

 Prophylactic Mesh Placement

Secondary to the elevated incidence of parastomal hernia 
occurrence, some surgeons have employed the use of pro-
phylactic mesh placement at the time of an index opera-
tion. Gogenur et al. completed an early prospective study 
evaluating the placement of a synthetic onlay mesh at the 
time of index colorectal procedures. This early trial 
enrolled only 24 patients and showed potential as the inci-
dence of parastomal hernia at 12  months was only 8% 
[23]. Since that time, several randomized trials have been 
completed with mixed results. Recently, Pianka et al. com-
pleted a systematic literature search and meta-analysis of 
controlled trials comparing prophylactic mesh placement 
with standard controls. A total of 755 patients were 
included with results from the included randomized con-
trolled trials showing a significant reduction in the inci-
dence of parastomal hernia with prophylactic mesh 
placement (OR 0.24; 95% CI 0.1 to 0.58, p  =  0.034). 
Furthermore, no significant differences were noted in post-
operative complication rates indicating the safety of pro-
phylactic mesh placement [24]. While additional trials are 
needed, preliminary data supports the utilization of pro-
phylactic mesh placement at the time of index operation to 
decrease the incidence of parastomal hernia.

 Utilization of Prosthetic Versus  
Biologic Mesh

Secondary to concern for potential mesh related complica-
tions such as infection, biologic or absorbable mesh is often 
used in parastomal hernia repair and/or for prophylactic 
placement in clean contaminated or contaminated cases. A 
recent systematic review of randomized trials consisting of 
129 patients utilizing prophylactic composite or biologic 
mesh showed a reduction in parastomal hernia formation 
(RR 0.23, 95% CI 0.06 to 0.81; p = 0.02) and a decrease in 
the hernias requiring surgical repair (RR 0.13, 95% CI 0.02 
to 1.02; p = 0.05) indicating the potential efficacy of these 
materials [25]. The increased cost associated with biologic 
materials has led to additional investigation comparing mesh 
types. A recent meta-analysis including 569 patients from 9 
randomized trials showed similar results with prophylactic 
mesh leading to a decreased incidence of parastomal hernia 
as well as the need for hernia repair. Interestingly, a sub-
group analysis comparing synthetic and biologic mesh types 
showed that the lower incidence of parastomal hernia forma-
tion was not appreciated in the biologic mesh group without 
any difference in morbidity from utilization of prosthetic 
material [26]. While review of the data indicates that prophy-
lactic prosthetic mesh placement provides improved results 
with equal morbidity, additional trials are required to more 
clearly identify optimal mesh material.

 Robotic Parastomal Hernia Repair

Robotic platforms offer increased degrees of freedom and 
the potential for a decreased learning curve during minimally 
invasive cases. While not mainstream, the utilization of such 
platforms has gained popularity over the previous years. 
Early literature consisted of small case series describing the 
technical feasibility of robotic-assisted laparoscopic ventral 
and incisional hernia repair [27]. More recently, larger retro-
spective reviews have been completed showing and confirm-
ing the safety of the procedure [28]; however, to date there is 
a paucity of long-term outcome data utilizing a robotic plat-
form for ventral or incisional hernia repair. In addition, at the 
time of this review, there are zero publications specifically 
discussing the potential role of robotics for parastomal her-
nia repair. Therefore, this chapter will additionally review 
the preoperative planning, setup, and technical aspects of 
completing a robotic-assisted parastomal hernia repair.

 Preoperative Planning

Parastomal hernias can often be associated with complex 
defects in the abdominal wall and, in many times, be present 
in the setting of concomitant midline incisional hernias. 
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Therefore, it is recommended to proceed with preoperative 
imaging to include a CT scan of the abdomen and pelvis in 
order to assess the abdominal wall musculature and size of 
the hernia defects.

As previously discussed, prior to any elective procedure 
attempts at risk factor optimization should be completed to 
decrease the risk of morbidity. Ensuring adequate nutrition, 
tobacco cessation, diabetic management, and weight man-
agement are cornerstones to this process. Elective parasto-
mal hernia repair should not be considered in patients who 
are actively using nicotine products. It is our practice to 
require 4  weeks cessation and check for urine nicotine 
metabolites prior to proceeding with operation.

Obesity is also an important risk factor for recurrence 
with data showing increased incidence of recurrence when 
BMI surpasses 30 kg/m2 [29]. Recent consensus statements 
and research has also highlighted the potential benefit of 
weight loss surgery prior to elective hernia repair with an 
initial BMI > 40 kg/m2 [30, 31].

Finally, prior to the operation, we recommend attempts at 
multimodal pain management utilizing regional anesthesia 
and narcotic sparing pain regimens to include pretreatment 
with medications such as gabapentin, pregabalin, and celexi-
cob. Improved perioperative pain control can lead to 
improved mobilization and recovery times. In addition, sec-
ondary to the potential for prolonged case duration, intraop-
erative decompression of the bladder with a Foley catheter is 
recommended in most cases.

 Setup

The location of port placement is very important to avoid any 
external interference during the case. As most stoma sites are 
through the rectus muscle at approximately the level of the 
umbilicus, placing the trocars in the side contralateral to the 
stoma is key. Typically, we place the ports as previously 
described for ventral hernia repair (Fig.  20.2). A 12-mm 
camera port is placed with two 8-mm working ports on either 
side. It is important to allow 8–10 cm between ports to avoid 
external interference.

The patient is placed in supine position after induction, 
and the arm contralateral to the stoma site is tucked, leaving 
the arm on the side of the stoma out to ease the docking pro-
cess. After draping, the abdomen can be entered per surgeon 
preference (optical entry, Veress needle, direct cutdown). 
The ports are placed in the previously stated configuration. 
While we do not routinely use an assist port (opting to com-
plete suture exchange via the camera port), the operating sur-
geon can opt to place a 5–12-mm assist port for suctioning, 
retraction, and placement of suture and mesh during the case. 
At this point the patient is rotated slightly toward the side of 
the stoma.

The robot is then docked via a direct side dock bringing 
the platform over the side of the patient containing the stoma. 
The arms are then docked, and a 30° camera is used in the 
“up” position. In most cases a combination of needle drivers, 
monopolar shears, and a grasping device (bowel graspers, 
Cadiere Forceps, or ProGraspTM forceps) is used. To avoid 
elevated costs, we typically find three instruments which are 
sufficient for each case (monopolar shears, grasping device, 
and a single needle driver).

 Procedure

Once docked, we begin the dissection using a grasping 
instrument in the left-sided arm and the monopolar shears in 
the right-sided arm. The insufflation is kept at 15 mmHg, and 
extensive lysis of adhesions occurs to free any tissue from 
the anterior abdominal wall remote from the hernia. Gentle 
external traction is then used in an attempt to reduce the 
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Fig. 20.2 Port placement The location of port placement is very 
important to avoid any external interference during the case. As most 
stoma sites are through the rectus muscle at approximately the level of 
the umbilicus, placing the trocars in the side contralateral to the stoma 
is key. Typically, we place the ports as previously described for ventral 
hernia repair (Fig.  20.2). A 12-mm camera port is placed with two 
8-mm working ports on either side. It is important to allow 8–10 cm 
between ports to avoid external interference. for robotic parastomal her-
nia repair. A perpendicular dock is typically used for the patient side 
cart (SI). With the Xi system, there is more flexibility for positioning of 
the patient side cart. Typically two working ports (5 or 8 mm, depend-
ing on robotic system and instruments utilized) and an 8- or 12-mm 
camera port are placed on the side opposite to the hernia defect. For 
smaller patients, breaking the bed can allow for more room between 
ports. Additionally, a bump can be placed on the side of the ports to 
allow for more lateral placement if necessary. In general, an assist port 
is not necessary, as needles and mesh can be placed through the camera 
or instrument ports
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parastomal hernia contents. Next, a combination of sharp 
dissection with the shears and traction is used to completely 
free and reduce the hernia contents.

At this point the preperitoneal space is entered on the side of 
the fascial defect ipsilateral to the camera, and the preperitoneal 
plane is developed toward the hernia. This plane is extended into 
the hernia defect circumferentially to mobilize and attempt to 
completely reduce and excise the hernia sac. If the hernia sac is 
unable to be completely reduced, the sac is cut or released from 
the fascia circumferentially. After the adhesions are released, 
hernia contents are reduced and hernia sac excised or released; 
the intraabdominal pressure is reduced to 10–12 mmHg.

A ruler is then placed into the abdomen, and the width of 
the hernia defect is measured in order to select an appropri-
ate-sized mesh. At this point we recommend attempted pri-
mary fascial closure secondary to a developing body of 
literature showing decreased adverse outcomes [32] when 
utilizing the technique. While any suture material can be 
used, we recommend a running closure utilizing an absorb-
able 0 barbed suture (Fig. 20.3). Of note, it is important to 
ensure an adequate opening for the existing stoma to avoid 
potential issue with obstruction or interference of blood flow.

As previously discussed, the existing data indicates the 
safety of synthetic mesh utilization for parastomal hernia 
repair [26]. Therefore, we recommend completing the hernia 
repair via the Sugarbaker technique with a medium weight 
macroporous mesh. Mesh size is calculated using the previ-
ously measured fascial defect, accounting for 5 cm of underlay 
in all directions. The mesh is inserted via the camera port after 
the center has been marked. The fascial closure suture is then 
used as a chandelier stitch to pull the mesh against the anterior 
abdominal wall. At this point the mesh is fixed to the posterior 
fascia of the anterior abdominal wall with a series of running 

absorbable 0 barbed sutures. We recommend setting two sepa-
rate sutures in place initially to anchor the mesh (one on the 
side contralateral to the camera and one adjacent to the tract of 
the stoma). After the mesh is anchored, fixation to the anterior 
abdominal wall is completed. Of note, avoid deep penetration 
when sewing to the posterior fascia. This can involve the over-
lying muscle and lead to bleeding with increased postopera-
tive pain (Fig. 20.4). Once the mesh is fixed in place, conversion 
back to laparoscopic equipment occurs. The needles and ruler 
are removed, and the fascia of the12-mm camera port site was 
closed per surgeon preference. We then place an abdominal 
binder at the end of the case for patient comfort.

 Postoperative Care

After robotic parastomal hernia repair, patients are closely moni-
tored in the postanesthesia care unit to ensure adequate pain con-
trol. Operations for smaller defects often allow patients to be 
discharged the same day with special  instruction to ensure proper 
ambulation once home. For larger repairs or the need for 
improved pain control, the patients are placed in overnight obser-
vation. It is important to avoid large quantities of narcotics via the 
utilization of intravenous acetaminophen, gabapentin, and prega-
balin in association with preoperative regional anesthesia.

 Conclusions
Parastomal hernias are a common complication of opera-
tions requiring fecal or urinary diversion with an inci-
dence approaching 50%. Patients with parastomal hernias 
can experience issues with obstruction, pain, and 
decreased functional mobility often necessitating opera-

Fig. 20.3 Primary fascial closure. Intraoperative appearance of stoma 
site after primary fascial closure with barbed suture during robotic-
assisted laparoscopic repair of a parastomal hernia

Fig. 20.4 Sugarbaker parastomal hernia repair. Intraoperative appear-
ance after completion of parastomal hernia repair using the Sugarbaker 
technique. For this case, Dualmesh (W.L. Gore & Associates, Flagstaff, 
AZ) was utilized. Arrows indicate position of stoma
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tive repair. The review of the available literature suggests 
that the laparoscopic modified Sugarbaker repair offers 
improved recurrence rates with decreased wound compli-
cations associated with open approaches. However, only 
approximately 10% of hernias are repaired via minimally 
invasive techniques. Robotic platforms offer increased 
degrees of freedom and could potentially decrease the 
learning curve for laparoscopic repair.
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Robotic Flank Hernia Repair

Sean B. Orenstein

 Introduction and Clinical Anatomy

Flank hernias represent a challenging entity for general sur-
geons. Repair of such hernias are plagued by higher recur-
rence rates, higher potential for chronic pain, as well as 
difficult anatomy compared to midline ventral hernia repairs. 
While the majority of flank hernias have traditionally been 
repaired by open means, laparoscopic and robotic approaches 
have been developed to offer patients the benefits of mini-
mally invasive surgery [1]. Compared to traditional open 
flank hernia repairs, minimally invasive approaches offer 
several advantages including reduced infections, reduced 
length of hospital stay, quicker return to normal function, as 
well as potential for improved cosmesis [2–4]. However, not 
everyone is a candidate for a minimally invasive flank repair. 
Attributes like size and complexity of the hernia, history of 
infection, prior hernia repairs or abdominal surgeries, active 
skin pathology, body habitus, and comorbidities are all fac-
tors that should be weighed to determine if a minimally inva-
sive repair is appropriate.

An essential component of repairing flank hernias takes 
place during the preoperative visit. It is important to set 
expectations with the patient when discussing postoperative 
outcomes. Notably, patients with sizeable flank bulging may 
continue to have asymmetric bulging despite defect closure 
and mesh reinforcement. Bulging will likely persist, to some 
degree, due to denervation as well as possible muscle atro-
phy from previous surgery(ies) or traumatic injury in the 
flank region [1, 5]. Loss of adequate nerve impulses and 
muscle tone leads to laxity of the musculature, resulting in 
chronic bulging that may not recover despite adequate hernia 
repair. Another important component of discussion involves 
postoperative pain. While chronic pain is a risk of any hernia 
repair, the lateral abdominal wall contains numerous nerves 

that typically traverse the region of flank hernia repair. 
Patients with severe preoperative pain may be disappointed 
by lack of resolution of such pain with their repair. Using the 
robotic platform, most suturing takes place intracorporeally, 
with limited to no transabdominal mesh fixation sutures. 
Therefore, some sources of chronic pain should be reduced 
with the use of robotic-assisted suturing.

Robotic-assisted flank hernia repair parallels that of its 
laparoscopic counterpart, both of which share principles 
used in open repairs. This includes the tenets of wide mesh 
overlap with some form of mesh fixation to the abdominal 
wall. As with most flank repairs, the mesh is typically placed 
intra-abdominally or within the pre-peritoneal plane. If 
placed intra-abdominally, a mesh with an anti-adhesion bar-
rier is required to reduce visceral adhesions to the mesh.

Traditionally, minimally invasive ventral hernia repairs 
have been performed without hernia defect closure. While the 
data supporting defect closure over bridged repairs are more 
clear for open hernia repair, there is conflicting data on the 
benefits of defect closure for laparoscopic repairs [6, 7]. 
Nonetheless, surgeons should strive to close all hernia defects 
to maximize outcomes and reduce postoperative complica-
tions. Defect closure allows obliteration of the dead space 
above the mesh which lead to a reduction in postoperative 
seromas. Additionally, the Law of Laplace dictates that there 
will be increased tension on the bridged portion of mesh from 
a hernia repair without defect closure. This may ultimately 
lead to mesh “eventration,” or bulging of the mesh within the 
hernia sac. Thus, closing the defect would equalize pressure 
across the mesh, based on Pascal’s principle. The use of 
robotic-assisted repairs has allowed more concise tissue 
approximation using intracorporeal suturing. This is in con-
trast to laparoscopic-based defect closure, which is typically 
accomplished using transabdominal suturing and a suture 
passer. While this technique is highly useful for defect clo-
sure and mesh fixation when performed laparoscopically, it 
lacks a degree of accuracy and tissue approximation seen in 
robotic-assisted repairs, though modern barbed sutures make 
intracorporeal laparoscopic defect suturing more appealing.
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 Preoperative Considerations

When considering who is a candidate for a robotic-assisted 
flank hernia repair, certain patient characteristics must be 
considered. Contraindications include:

• Inability to tolerate general anesthesia
• Inability to tolerate lateral decubitus positioning
• Hypercoagulability
• Active infection
• Loss of abdominal domain
• Poor skin quality overlying hernia (ulceration, skin graft)
• Patient expectations (scar revision or concomitant abdom-

inal procedure)

Surgeon skill, including comfort level and competence 
using the robotic platform, needs to be weighed in before 
proceeding with robotic-assisted flank hernia repair. Because 
of the inherent challenges that flank hernia repair entails, 
inexperienced users of the robot should consider gaining 
additional proficiency before embarking on challenging 
flank hernia repair cases.

Preoperative evaluation and consultation are crucial 
aspects for patients undergoing robotic-assisted flank hernia 
repair (RAFHR). Such consultation should set expectations 
regarding the repair itself, mesh implantation and its ramifi-
cations, postoperative pain and recovery, as well as various 
abdominal wall changes following repair. Despite a mini-
mally invasive approach, RAFHR can result in significant 
postoperative pain which may not differ much from tradi-
tional open repairs. However, robotic suturing of defects 
intracorporeally and limiting transabdominal sutures should, 
theoretically, reduce postoperative discomfort. One of the 
principal benefits of minimally invasive approaches is the 
well-documented reduction in wound- and mesh-related 
infectious complications. The likelihood of postoperative 
seroma formation should be discussed. The need for conver-
sion to an open repair and the possibility of an enterotomy 
should be considered as well. The anticipated options if an 
enterotomy occurs should be explained to the patient, includ-
ing staged repair of the hernia defect until the abdomen is 
free from contamination. Patients should be made aware 
that, although the hernia defect will be repaired and rein-
forced, persistent abdominal wall bulging may still be pres-
ent following repair. Such abdominal wall changes, including 
persistent laxity and bulging, likely result from denervation 
at the time of previous operation(s) or traumatic injury.

High-resolution preoperative imaging, typically in the 
form of a CT scan of the abdomen and pelvis, is helpful in 
preoperative planning. Evaluation of hernia defect size, loca-
tion, remaining abdominal wall musculature, adjacent vis-
cera, incarcerated contents, etc. are valuable pieces of 
information that help plan out repair and determine feasibil-

ity of a robotic-assisted repair. For example, a flank defect 
extending inferiorly into the pelvic brim may alert the sur-
geon that bone anchors or other bony fixation devices are 
required. Additionally, evaluation of other ventral hernias 
(e.g., umbilical hernia) and signs of previous repairs allow 
for modification in trocar placement and items necessary for 
repair (e.g., additional mesh, laparoscopic retrieval bag, 
etc.).

Patients who have undergone previous failed repairs can 
be challenging. The reasons for recurrence are not always 
known, and every effort should be made to obtain all opera-
tive reports that pertain to prior hernia repairs in an attempt 
to determine the mesh used and tissue plane disrupted by 
prior repairs. Before embarking on a recurrent defect, the 
surgeon should feel extremely confident with adhesiolysis 
and have a low threshold to convert to open. Patients who 
have had previous mesh infections that required removal of 
the prosthesis pose an extremely difficult challenge and 
should be considered for open repair.

Standard preoperative orders consisting of antibiotic and 
deep venous thrombosis prophylaxis are given. A first-gener-
ation cephalosporin (e.g., cefazolin) is typically given, ensur-
ing adequate weight-based dosing. Sequential compression 
devices should be utilized, and subcutaneous heparin can be 
employed preoperatively for high-risk patients.

 Operative Steps

 Patient Positioning

Following intubation and securing of endotracheal and IV 
tubes, the patient is positioned in a lateral decubitus position, 
or semilateral position, based on the size and location of the 
flank hernia. A beanbag and/or gel rolls are helpful to keep 
the patient in the desired lateral position. Great care should 
be taken to protect all pressure points with adequate gel and 
foam pads as well as axillary roll to ensure no pressure ulcer 
or nervous injury occurs. The upward arm can be secured to 
an adjustable arm sling or wrapped around several pillows to 
reduce brachial plexus injuries. The patient should be well-
secured to the bed with a combination of straps and tapes to 
the bed itself. Warming drapes are applied, per hospital pro-
tocols. Once the patient is positioned, padded, and secured to 
the bed, the bed should be tested in various positions to 
ensure the patient is fully secure and does not move with 
repositioning during the case (Fig. 21.1).

While a Foley catheter is standard for bladder decompres-
sion and volume monitoring during the case, a three-way 
Foley should be considered to insufflate the bladder for iden-
tification in the repair of low defects that extend out to the 
suprapubic region or if the patient has received previous 
 pelvic surgery (e.g., prostatectomy). Gastric decompression 
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via orogastric tube is useful to decompress the stomach as 
well as help reduce aspiration events during lateral and 
Trendelenburg positioning.

The patient should be prepped and draped very widely to 
allow trocar placement and access to the defect itself in the 
event of open conversion. An iodine-impregnated adhesive 
drape applied to the skin of the prepped and draped patient is 
a useful way to keep drapes in place and seal the corners of 
the sterile field to limit contamination; however, data do not 
support a marked reduction in surgical site infection with use 
of such adhesive drapes.

 Abdominal Access

Selecting the location for abdominal access can be challeng-
ing, as many of these patients have had multiple previous 
abdominal operations. The extent of previous operation(s) is 
not always known by the patient; therefore, attention should 
be made to abdominal scars on physical exam. Abdominal 
entry should be achieved via whichever technique the sur-
geon is most comfortable and familiar with, be it Hassan cut-
down, optical trocar, or Veress needle entry.

Once safe abdominal cavity is achieved, three trocars will 
be placed in the contralateral abdominal wall. The trocars are 
commonly located near the anterior axillary line but should 
be staggered to triangulate the ports opposite from the her-
nia. The central, most lateral, trocar will be the camera port, 
while the superior and inferior ports are for working arms 
(e.g., dissecting, suturing, retracting, etc.). Trocar planning 
includes ensuring at least one non-camera port which con-
tains a CO2 insufflation port as excessive fogging may result 
if CO2 is attached to the camera port. However, a separate 
10-/12-mm assist port may simplify the CO2 insufflation 

port choice. If using the daVinci Si system, extended/bariat-
ric-sized trocars are useful to extend the length of the console 
arms near bony prominences such as the pelvis and ribs and 
limit console-patient collisions.

 Adhesiolysis

The Achilles’ heel of minimally invasive ventral and flank 
hernia repair is lysis of adhesions. This step can be the most 
time-consuming and usually determines the length and com-
plexity of the case. For patients without previous midline 
procedures, only minor adhesiolysis may be necessary. 
However, many patients have had prior central and midline 
surgical explorations, with resultant central adhesions that 
necessitate careful dissection before proceeding with the 
actual hernia repair. An upward-facing 30° camera is neces-
sary to adequately visualize the anterior abdominal wall.

Attempts should be made to limit the use of energy 
sources during adhesiolysis, as thermal injuries seal at the 
time of dissection and may not be apparent for 3–5  days 
postoperatively. Sharp, cold, scissor dissection should be the 
principal method of adhesiolysis to reduce the risk of ther-
mal injury. Atraumatic graspers are helpful in providing 
adequate countertraction during dissection, typically with a 
fenestrated bipolar device or cadiere grasper. Typically, dur-
ing lysis of adhesions, the outer rim of adhesions may be 
sharply cut, giving way to “cotton candy” loose areolar tis-
sue that is easily dissected using blunt dissection with gentle, 
short sweeps.

Bleeding during adhesiolysis can be problematic. Slight 
oozing that typically occurs should be largely ignored. It 
rarely continues, and chasing it, especially with cautery, may 
lead to a bowel injury. If the area of oozing can be isolated 
from viscera, judicious cautery may be used. An oozing area 
of adipose tissue can be lifted away from underlying bowel 
and cauterized. Fenestrated bipolar graspers are useful to 
direct focused cautery to omental bleeding, provided the 
bowel is far away to eliminate thermal spread.

 Sizing the Hernia Defect

Measuring the defect is an important step in the procedure, 
as a durable repair relies on adequate mesh overlap with 
proper placement, which are both directly a result of accu-
rately measuring the defect.

The edges of the hernia defect are best delineated with the 
aid spinal needles placed at each edges of the defect. Under 
direct visualization, insert the needle into the abdominal wall 
perpendicularly, so the needle can emerge at the edge of the 
defect. However, for very lateral defects, one should avoid 
spinal needle placement at the most lateral edge to avoid any 

Fig. 21.1 Patient positioning. Patient with traumatic left flank hernia 
has been positioned in right lateral decubitus position with the aid of a 
suction beanbag and other gel pads
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lateral abdominal wall nervous or retroperitoneal injury; this 
edge can be estimated during measuring. A disposable plas-
tic ruler can be cut lengthwise and inserted via the assist port 
to accurately measure intra-abdominal measurements of the 
defect based on the spinal needles. Other methods of defect 
measuring exist, including spinal needle placement and 
external markings. While this simplifies internal measuring 
with a ruler, the external measuring techniques overestimate 
the defect, which is more pronounced in larger defects and 
obese patients with thick anterior abdominal walls. Therefore, 
one should adjust their mesh sizing accordingly if using 
external measurements.

 Tissue Plane Dissection and Hernia Defect 
Closure

Prior to defect closure and deciding which mesh to use, it is 
important to determine which plane of dissection will be uti-
lized. For most robotic repairs, two tissue plane locations 
exist for mesh placement: pre-peritoneal (i.e., transabdomi-
nal pre-peritoneal, or TAPP, repair) or intraperitoneal under-
lay (i.e., intraperitoneal onlay mesh, or IPOM, repair). While 
abdominal wall reconstruction with component separation 
techniques may apply to very large or complex defects, such 
a repair is beyond the purview of this chapter. The tissue 
plane greatly affects which mesh one can use, as a mesh with 
an anti-adhesion barrier is necessary if placed as an intraperi-
toneal underlay to reduce visceral adhesions. Whereas, raw, 
uncoated meshes can be placed within the pre-peritoneal 
plane.

If feasible, TAPP flank repair is preferred as this allows 
mesh to be excluded from the abdominal viscera. The flap 
consists of peritoneum, and possibly the overlying transver-
salis fascia, though it may be hard to discern the differences 
between these two layers. It is important to avoid violating 
the posterior rectus sheath medially, as disruption may create 
focal weakness and ensuing herniation. The hernia defect 
should be in good view to assess the size and complexity of 
the defect(s) (Fig.  21.2). The most challenging aspect of 
TAPP dissection is creation of a complete peritoneal flap 

without disruption, as any rent in the flap can lead to mesh 
exposure or interparietal hernia, whereby the bowel can her-
niate between layers of the abdominal wall. Recommended 
equipment includes a high-strength grasper (e.g., ProGrasp 
or a needle driver) and monopolar scissors. While other 
grasping forceps can be used (e.g., fenestrated bipolar, 
cadiere), the limited grip strength of these may lead to graz-
ing and tearing of the flap. The planned dissection line runs 
vertically near the midline, but this line of dissection can be 
started off-midline for small or very lateral defects. To start 
pre-peritoneal dissection, it is recommended to start fairly 
medially in order to allow extra peritoneum to utilize for 
mesh coverage. As the peritoneum is quite thin, this extra 
amount of peritoneal tissue may help overcome any initial 
tears as dissection commences. Using cold or hot scissors, 
the pre-peritoneal plane is entered; this is carried superiorly 
and inferiorly far enough to eventually provide space for 
mesh that would overlap the defect at least 4–5  cm in all 
directions (Fig. 21.3). Using a combination of blunt, sharp, 
and light cautery dissection, the pre-peritoneal plane is dis-
sected out laterally until reaching the hernia defect. The 
plane is continued within the hernia defect, bringing the her-
nia sac down as part of the flap. Excess hernia sac helps pro-
vide adequate coverage of the mesh, especially if thinned 
and denuded areas are created during dissection. The plane is 
then continued out laterally past the hernia defect at least 
5–6 cm to allow for 4–5-cm mesh overlap. Under-sizing of 
the flap can lead to mesh edge curling; therefore, it is better 
to err on the side of creating a larger flap to cover the entire 
mesh without catching mesh edges during flap closure. 
Because the colon is typically in the vicinity of the lateral 
dissection, it is important to take care when completing the 
lateral flap. This can be accomplished with gentle blunt dis-
section of the continuous peritoneal flap without any electro-
cautery. Any fenestrations created in the peritoneum 
necessitate closure; small rents can be closed with simple 
figure-of-eight sutures using 2–0 resorbable suture, while 
larger rents may require a running suture using 2–0 resorb-
able suture (Fig. 21.4)

Intraperitoneal underlay mesh dissection is much simpler, 
as the only principal dissection involves dissecting the colon 
from the retroperitoneum. Using sharp dissection using scis-
sors along with an atraumatic grasper (e.g., bowel grasper, 
cadiere grasper), the white line of Toldt is taken down and 
extended superiorly and inferiorly to fully medialize the 
colon. This maneuver allows for adequate mesh overlap lat-
erally and posteriorly. After adequate medialization of the 
colon to ensure adequate mesh overlap, one can proceed with 
mesh placement and fixation.

As previously discussed, hernia repair should include 
appropriate defect closure prior to mesh reinforcement. The 
use of robotic-assisted surgery facilitates concise suturing of 
the fascial edges compared to its laparoscopic counterpart. Fig. 21.2 Intracorporeal view of a large left flank hernia
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After ensuring hemostasis, the hernia defect is closed. 
Several suture options exist for defect closure, including 
continuous versus interrupted sutures, permanent versus 
resorbable sutures, as well as traditional non-barbed sutures 
versus newer locking barbed sutures (e.g., V-Loc sutures, 
Medtronic, Minneapolis, MN, and Stratafix sutures, Ethicon, 
Somerville, NJ). Despite these many options, the use of lock-

ing barbed sutures adds great ease of closing hernia defects, 
as one can sequentially tighten the suture without spontane-
ous loosening of the suture during closure. For defect closure 
I prefer to use a larger-caliber, permanent monofilament 
barbed suture, either a #0 or #1 permanent polypropylene 
barbed suture. The defect is closed in the orientation that 
allows for the least tension upon closure. This may be in a 

a

c

b

d

Fig. 21.3 Pre-peritoneal flap creation for TAPP flank hernia repair. (a–d) represent various stages of flap creation as dissection was carried out 
laterally

a b

Fig. 21.4 Peritoneal flap fenestration closure. (a) Figure-of-eight 
stitch using 2–0 resorbable suture. (b) Closed fenestration. Note the 
unclosed fenestrations on the medial aspect of the flap; these will be 

incorporated into the medial flap closure, which is permitted due to 
excess peritoneum and hernia sac mobilized during flap dissection
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vertical, transverse, or oblique orientation and should be tai-
lored to the hernia defect based on intraoperative findings. 
For small defects, a single running barbed suture can be used 
to approximate the fascial edges, while larger defects should 
be closed from the ends with two separate sutures, sequen-
tially tightening the defect from ends toward the center 
(Fig. 21.5). It is important to grasp and suture fascial tissue 
to assist with a durable repair, as suturing flimsy tissue such 
as the hernia sac will likely result in dehiscence. Small bites 
(~ 5 mm) and short travel (~ 5 mm) during closure are also 
recommended, though a larger bite may be necessary for fri-
able or denuded tissue. One should ensure the sutures have 
been tightened throughout every throw before proceeding 
with mesh placement. When complete, the defect should be 
well approximated without gaps. However, one should note 
any fascial gaps or disruptions, as appropriate mesh selection 
is required to overcome these bridged areas. Additional local 
anesthetic can be infused into the fascia to assist with imme-
diate postoperative analgesia.

 Mesh Selection and Insertion

The type of mesh chosen for repair depends on whether 
pre-peritoneal or intraperitoneal placement has been cho-
sen. As already stated, a TAPP repair allows the use of raw 
uncoated mesh prosthetics. The most commonly utilized 
meshes are manufactured from polypropylene or polyester, 
with multiple varieties of these based on weight/density, 
porosity, weave/knit structure, as well as other various 

characteristics. Because of the extreme tensile forces 
applied to the lateral abdominal wall/flank, larger defects 
should be considered for a medium or heavyweight mesh, 
as too light of a mesh can accompany postoperative laxity 
of the abdominal wall. That said, macroporous lightweight 
meshes have shown improved ingrowth, less mesh contrac-
tion, and more resilience in the setting of infection. 
Intraperitoneal underlay mesh placement requires the use 
of an anti-adhesion barrier, with the raw uncoated side fac-
ing the peritoneum to facilitate ingrowth, while the anti-
adhesion surface faces the viscera. There are multiple 
meshes on the market with various anti-adhesions barriers. 
One should be familiar with different manufactures, mate-
rials, and sizes to best pick the appropriate mesh for your 
patient’s repair. There is much good debate as to which 
mesh is the best or ideal for various hernia repairs; this 
debate is beyond the purview of this chapter.

The size of the mesh depends on the defect size as well as 
tissue plane dissected. In general, a generous 4–5 cm or more 
overlap in all directions is recommended to ensure adequate 
coverage of the (closed) defect. Prior to mesh insertion, the 
pre-peritoneal space should be measured to ensure the space 
will accommodate the appropriately sized mesh for the repair 
(Fig. 21.6). Part of mesh oversizing pertains to some degree 
of mesh shrinkage following mesh integration and fibrosis. 
Heavyweight meshes tend to induce more fibrosis; therefore, 
more shrinkage may result with the use of such meshes. 
Adequate secure fixation can help reduce such shrinkage and 
overcome the limitations of heavier weight meshes. It is 
commonly asked if mesh sizing depends on the open or 

a b

c

Fig. 21.5 Defect closure with locking barbed suture. (a) Superior (screen left) defect undergoing closure, while inferior defect (screen right) 
remains open. (b) Inferior (screen right) defect undergoing closure. (c) Sequential tightening of the locking barbed suture
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closed hernia defect. While there is no straightforward 
answer, it is recommended to utilize a mesh with a minimum 
of 10–15  cm width or more in the event of fascial dehis-
cence. If a TAPP flank hernia repair is chosen, rounding the 
mesh corners by trimming some material off the four corners 
of the mesh helps prevent folding of the mesh following 
placement, as most pre-peritoneal pockets are not perfectly 
dissected at 90° angles within the corners.

Mesh insertion typically requires placement through a 
12-mm trocar, as placing mesh through a smaller trocar can 
lead to mesh disruption or tearing. A separate 12-mm assist 
port makes mesh and suture insertion more simplified than 
removal of the camera that typically occupies the larger port. 
Very large meshes may even require a 15-mm trocar, though 
this would only be for some of the larger ventral hernia 
meshes on the market. Raw uncoated meshes can be care-
fully rolled up and inserted through the trocar, while coated 
meshes typically require a quick soak in sterile saline to 

active the anti-adhesion barrier. Meshes with anti-adhesion 
barriers should be rolled with the barrier on the inside of the 
roll to prevent the barrier from scraping off during passage 
through the trocar.

Prior to insertion it is helpful to mark the mesh with a grid 
using a marker (Fig. 21.7a). Such lines down the vertical and 
horizontal axes can aid mesh positioning due to differing 
oblique or off-center angles of flank hernias. Alternatively, 
mesh manufacturers have developed laparoscopic mesh-
positioning devices that may obviate the need for precise 
external measurements as well as eliminate the need to pre-
place sutures. It is still important, however, to determine the 
center of the defect as well as to gain an accurate internal 
measurement of the defect in order to implant an appropri-
ately sized mesh. Such devices are introduced within the 
abdomen and stabilize the mesh against the anterior abdomi-
nal wall with balloons and/or semirigid frames and then are 
removed following mesh fixation.

a b

Fig. 21.6 Sizing of the pre-peritoneal flap space prior to mesh insertion shown in (a) longitudinal and (b) transverse dimensions

a b

c

Fig. 21.7 (a) Mesh placement within the pre-peritoneal space. Note 
the black lines drawn prior to insertion for mesh orientation. A heavy-
weight polypropylene mesh was utilized to provide additional stability 

for this large flank hernia. (b) Simple U-stitch for mesh fixation. (c) 
Testing flap coverage over mesh; note the redundant peritoneum from 
hernia sac dissection
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 Mesh Fixation

Multiple options exist for securing the mesh to the abdominal 
wall, and one or more of these options are used to ensure a 
durable repair. The decision of where to fixate also plays an 
important role in flank hernia repairs, as there is a limit to the 
amount of deep fixation allowed posterolaterally due to the 
nerve distribution of this portion of the abdominal wall. Fixation 
options include intracorporeal sutures, transabdominal sutures, 
tacks, glues/adhesives, bone anchors, as well as self-gripping 
meshes. Robotic suturing obviates the need for transabdominal 
fixation, as most mesh suturing is performed intracorporeally. 
Therefore, pre-placed sutures are typically not required.

For TAPP flank hernia repairs, the raw uncoated mesh is 
oriented to cover the entire closed defect (Fig.  21.7a). A 
number (six or more) of simple U-stitches using 2–0 resorb-
able sutures are used to provide initial mesh fixation and pre-
vent the mesh from sliding within the pre-peritoneal plane 
(Fig. 21.7b). Some surgeons advocate the use of fibrin seal-
ant to limit mesh sliding and promote ingrowth during the 
initial healing phase following repair. Following mesh fixa-
tion, the peritoneal flap is closed over the mesh, ensuring the 
entire mesh is covered by peritoneum. It is helpful to test the 
flap coverage of the mesh by gently pulling the flap over the 
mesh (Fig. 21.7c). Insufficient peritoneal coverage over the 
mesh necessitates further dissection of the peritoneal flap or 
mesh trimming if an excess amount of mesh was utilized. 
Closure of the flap can be accomplished robotically using a 
running suture at the flap edge, typically using a resorbable 
2–0 locking barbed suture. Alternatively, the flap can be 
closed using laparoscopic tacks, taking care to avoid tack 
placement of the posterolateral wall to limit the risk of nerve 
injury and chronic pain sequelae (Fig.  21.8). One must 
ensure the flap is closed in its entirety to prevent interparietal 
herniation and mesh exposure to the viscera.

Intraperitoneal mesh placements (i.e., IPOM)  can be 
affixed using sutures as well as laparoscopic tacks. As dis-
cussed, modern meshes with positioning systems can aid in 
mesh placement positioning, by assisting with mesh apposi-
tion against the abdominal wall during fixation. After posi-
tioning the coated mesh over the closed defect, the mesh is 

robotically secured into place with circumferential sutures 
around the mesh edge, ensuring adequate bites of mesh, peri-
toneum, and fascia. However, caution should be used to 
ensure that bites are not too deep, as this can lead to suturing 
deeper nerves of the posterolateral abdominal wall. Some 
surgeons advocate the use of laparoscopic tacks instead of 
intracorporeal suturing in an effort to reduce operative time. 
Alternatively, one can suture or tack the most medial 1/2–2/3 
of mesh depending on hernia location and complete the most 
posterolateral fixation with the use of a fibrin sealant or other 
adhesive. This takes some coordination to ensure the glue is 
sprayed evenly between the mesh and peritoneum, followed 
quickly by pressure against the mesh to ensure proper adhe-
sion of the mesh to the abdominal wall.

One aspect of repair that is unique to hernias immedi-
ately adjacent to bony structures such as flank and suprapu-
bic hernias is the need for bony fixation. Many flank hernias 
lie very close to the pelvis, with little to no high-quality 
fascia and soft tissue available for securing the mesh. The 
use of bone anchors is a way to help provide such durable 
fixation at the most inferior portion of the repair [8, 9]. 
While several options exist for bone anchors, Mitek bone 
anchors (5-mm Mitek Fastin RC Titanium Anchors, DePuy 
Mitek Inc, Raynham, MA) are relatively straightforward to 
insert and use for bony fixation (Fig. 21.9). To implant the 

Fig. 21.8 Peritoneal flap coverage of mesh, with resorbable tacks used for flap fixation and quilting of the flap to reduce seroma formation

Fig. 21.9 Mitek bone anchor (5-mm Mitek Fastin RC Titanium 
Anchor, DePuy Mitek Inc, Raynham, MA)
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bone anchors, the site of bone anchor insertion is chosen – 
this is typically at the iliac crest near the anterior superior 
iliac spine (ASIS). A small skin incision is made over the 
ASIS, and subcutaneous tissues are dissected down to 
expose the bony prominence of the ASIS or other desired 
location for fixation. Before insertion of the bone anchor, 
confirm that all soft tissue has been removed to ensure 
complete bony exposure so that the anchor sits well within 
the cancellous bone and not catching any soft tissue 
between the anchor screw and adjacent bone. While some 
self-drilling bone anchors are produced, many require an 
initial pre-drilling with a specified drill bit size and to a 
desired depth according to the product’s instructions for 
use (IFU). Care should be taken to ensure that pre-drilling 
and insertion of the bone anchor is into the thicker part of 
the iliac crest, in line with the bone so that anchor seats 
well within the body of the cancellous bone. The anchor is 
screwed into place to the proper depth according to the 
product’s IFU, followed by removal of the outer plastic and 
metal sheathing of the inserter. Mitek anchors commonly 
contain two pairs of braided suture; one of the two pairs of 
sutures is kept, while the other pair is discarded. Using a 
laparoscopic suture passer, the two tails of the suture are 
brought separately through the subcutaneous tissues and 
delivered through the mesh into the peritoneal cavity under 
direct visualization, spacing them approximately 1  cm 
apart to create a U-stitch. The tails are then tied intracorpo-
really, completing bony fixation at the desired site. 
Frequently, two to three anchors are used; however, the 
number of required sutures is variable and should be tai-
lored according to the size and location of the hernia. 
Multiple anchors should be spaced apart by 2 cm or more to 
limit deeper bone disruption or fracture. A sufficient num-
ber of bone anchors should be used to ensure adequate 
bony fixation inferiorly.

When fixation is complete, the bed should be rotated to 
ensure that the colon moves back to its normal anatomic site 
in the paracolic gutters, which typically overly the most 
posterolateral portion. This may also help compress the 
mesh and/or peritoneal flap shut against the abdominal wall. 
Prior to completion of the case, one last inspection of the 
abdominal cavity is performed to rule out active bleeding 
and evaluate for visceral injury. The fascia at trocars larger 
than 8 mm should be closed with sutures, along with closure 
of any overly-stretched 8 mm trocar sites. The skin at the 
trocar sites is closed with subcuticular stitches, followed by 
dermal adhesive or steri-strips. An abdominal binder may be 
placed for patient comfort. One method of compressing the 
area of interest (i.e., flank region) is to place a couple Kerlix 
gauze rolls overlying the flank, followed by the abdominal 
binder. This helps focus the binder compression over the 
flank instead of spread out over the entire abdomen. 
However, the role of binders in seroma reduction is unclear.

 Postoperative Care

 Perioperative Concerns

Appropriate pain management is crucial in the immediate 
postoperative period. Many patients undergoing robotic-
assisted flank hernia repair are admitted. Multimodal analge-
sic regimens are highly beneficial and can include IV and/or 
PO narcotics, scheduled acetaminophen, and NSAIDS such 
as intravenous ketorolac for patients without renal disease. 
Additionally, because muscle spasms are common, muscle 
relaxants can be a beneficial adjunct. Scheduled diazepam 
with its antispasmodic properties is one option; however, 
judicious use is warranted with elderly patients and those 
with sleep apnea due to its sedative effects.

Activity restrictions are more stringent for flank repairs 
compared to typical ventral hernia repairs. Because of the 
challenging nature of flank hernia repairs and higher potential 
for fascial disruption, I routinely prohibit any heavy weight 
lifting (<25 lbs) or abdominal-pelvic-flank activities for 
2–3 months postoperatively. Such limitations allow the defect 
closure and mesh integration to gain near-complete fibrosis 
and limit any potential disruption with heavy Valsalva, lifting, 
or twisting activities. That said, the patient is allowed to per-
form typical activities of daily living (ADLs), including 
ambulation, stairs, etc. It can be very helpful for the patient to 
receive guidance from physical and/or occupational therapy 
during their hospitalization for education on transferring in 
and out of a bed or car, lifting bags or other objects, navigat-
ing stairs, getting dressed, or other ADLs.

The postoperative diet depends on the degree of adhe-
siolysis. Without significant adhesiolysis the diet can be 
advanced rapidly. Following procedures where there is a 
lengthy lysis of adhesions or when bowel is densely involved, 
the diet is advanced slower, typically ensuring that the patient 
can tolerate clear liquids without nausea before progressing 
to a regular diet.

Hospitalization in the immediate postoperative period 
also allows the surgeon to monitor for any signs of missed 
enterotomy. There should always be an index of suspicion, 
particularly in difficult cases. Any unexplained tachycardia, 
leukocytosis, or persistent fever should be evaluated to rule 
out the presence of a bowel injury. Plain abdominal films or 
CT can be used; however, if there is any concern, the patient 
should be returned to the operating room for diagnostic lapa-
roscopy or laparotomy.

 Long-Term Concerns

Persistent pain can be seen beyond 6 weeks following flank 
hernia repair. Focal pain sites can be injected with a mixture 
of lidocaine and bupivacaine for diagnostic and therapeutic 
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relief. However, this treatment is rarely required, especially 
with limited use of trans-fascial sutures in robotic-assisted 
repairs.

Almost all patients undergoing minimally invasive ventral 
or flank hernia repairs develop some degree of seroma at the 
hernia repair site, though several case series show reduced 
seromas with defect closure of ventral hernias [7]. However, 
most seromas rarely, if ever, require intervention such as drain-
age or aspiration. The risk of contaminating the mesh with 
drainage should be weighed against the benefits of relieving 
the fluid. Indications for aspiration include failure to resolve 
after a long period (e.g., 6 months), significant patient discom-
fort, or pressure on the skin causing necrosis or excoriation.

Mesh infection is one of the dreaded complications of any 
hernia repair. This complication is fortunately low in mini-
mally invasive repairs; however, the consequences are grave. 
The management of mesh contamination is extensive and 
many times requires mesh removal. In patients that present 
with erythema or fluctuance of the flank and abdominal wall, 
CT imaging of the abdomen should be obtained. Fluid col-
lection above or deep to the prosthetic that contains air is a 
mesh infection and is treated as such. The fluid may be aspi-
rated and sent for gram stain and culture. The mesh should be 
removed if it has a component of ePTFE or multifilament 
polyester, as these mesh prosthetics have limited ability for 
salvage [10]. Attempts to salvage the mesh should involve 
open drainage of the fluid collection with negative pressure 
vacuum therapy. This maneuver may be successful with 
lightweight macroporous polypropylene materials but is less 
so with polyester-based materials.

Follow-up in patients after minimally invasive flank her-
nia repair has been poorly reported in the literature. The 
postoperative schedule could include appointments at 
2–4 weeks, 3–6 months, 1 year, and possibly yearly thereaf-
ter depending on the severity of hernia and repair. Ideally, 

hernia patients should be examined at least up to 2 years for 
complications of seroma, persistent pain, and hernia 
recurrence.
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Robotic Transversus Abdominis Release

Heidi J. Miller and Yuri W. Novitsky

 Introduction

The ultimate goal of ventral hernia repair is to provide an 
excellent and durable repair with as low of recurrence rates as 
possible. We work to reconstruct the abdominal wall and 
restore function of the abdominal musculature. This is 
achieved through re-creation and reinforcement of the vis-
ceral sac, as well as restoration of the linea alba. We believe 
this is best accomplished with a tissue-based reconstruction, 
without bridging of fascia, and using mesh as reinforcement.

The transversus abdominis release (TAR) was described 
by Novitsky in 2012 [1] and is an extension of the Rives- 
Stoppa posterior rectus release, providing a true posterior 
component separation. Benefits of the TAR include a wide 
lateral dissection, preservation of perforating nerves and ves-
sels to the anterior abdominal wall, and medial advancement 
of both posterior and anterior fascial layers for re-creation of 
the linea alba. It potentially reduces the risk of wound com-
plications as no skin flaps are required and also reduces the 
risk of developing lateral hernias compared to other posterior 
component separation techniques, as there is no need to sep-
arate the linea semilunaris. The TAR provides excellent 
space for mesh placement in order to reinforce the visceral 
sac and is applicable to many patients and many hernias.

Traditionally the TAR has been an open procedure, requir-
ing a large midline laparotomy incision, significant potential 
wound morbidity, and multiple-day hospital stays. Although 
laparoendoscopic approaches to TAR have been recently 
described, those approaches remain technically quite diffi-
cult to replicate [2]. The adoption and increased utilization of 
surgical robotics have allowed minimally invasive TAR to 
become much more widespread as the dissection and sutur-

ing are much less technically challenging with the EndoWrist 
technology of the robot, as well as improved visualization. 
Pioneering work by Abdalla, Carbonell, and Ballecer have 
led to the  development and introduction of the robotic 
approach to TAR.

 Literature Review

Novitsky et al. [3] evaluated outcomes of over 400 TAR pro-
cedures completed between 2006 and 2015. They reported a 
surgical site event rate of 19% and surgical site infection rate 
of 9%, with three patients requiring mesh debridement but 
no mesh explantations required. The median LOS of this 
series was about 6  days and a recurrence rate of 3.7% at 
33  months average follow-up. This data has essentially 
cemented the TAR approach as one of the more effective 
open reconstructive techniques today.

The feasibility of robotic hernia repair has been well doc-
umented, starting in 2003 with individual cases being com-
pleted with intracorporeal suturing in both animal models 
and actual patients [4–7]. As robotics was taking off in the 
gynecologic and urologic fields, it has been lacking in evi-
dence for benefit in the field of general surgery. However, it 
was slowly adopted for ventral hernia repair with the hope 
that using intracorporeal suturing instead of tacks and trans-
fascial sutures may reduce postoperative pain, and that the 
visualization and EndoWrist dissection ability would accom-
modate preperitoneal dissections and allow for extraperito-
neal mesh placement [8–10]. The data collected so far has 
shown that robotic ventral hernia repair is feasible and safe 
and has similar complication rates and outcomes to open and 
laparoscopic approaches to ventral hernia repairs.

In 2012, Abdalla et al. proved the feasibility of a retro-
muscular Rives-Stoppa-type minimally invasive repair with 
the use of robotic assistance [11]. This allowed an MIS 
approach to hernia repair using the principles of re-creation 
of the linea alba, retromuscular mesh placement, and mini-
mal subcutaneous dissection in a procedure that had 
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 otherwise always been completed open. This has since been 
expanded by surgeons to include the posterior component 
separation by employing a robotic-assisted TAR [12]. Thus, 
an application for robotics in general surgery and hernia 
repair was uncovered by allowing a MIS approach to a pro-
cedure that had previously only been performed open. The 
laparoscopic TAR has since been attempted and shown to be 
feasible and safe, but its adoption has been limited due to the 
technical difficulty of the procedure without the benefit of 
the EndoWrist capability of the robotic instruments.

Warren et  al. [13] compared 103 standard laparoscopic 
ventral hernia repairs (LVHRs) to 53 robotic retromuscular 
ventral hernia repairs (RRVHRs). The LVHR group had 
mostly (90%) intraperitoneal mesh placements with barrier- 
coated meshes, with or without defect closure, and using 
permanent transfascial sutures and permanent tacks for fixa-
tion. In the RRVHR group, all defects were closed, and the 
mesh was placed extraperitoneally in 96.2% of all cases; 
70% of meshes were placed in the retromuscular space and 
27% were place in the preperitoneal space. A myofascial 
release in the form of the TAR was required in 43% of cases, 
the remainder of retromuscular meshes being placed with a 
Reeves-Stoppa technique. The groups were similar, although 
the laparoscopic patients were older. All cases were CDC 
wound class 1 or 2. The RRVHR group had longer mean 
operating times, almost doubling the times for LVHR. From 
an outcome perspective, surgical site occurrences (SSO) 
were more common after RRVHR with a seroma rate of 
47% vs 16% after LVHR. Two seromas required drainage 
after RRVHR and one after LVHR. The surgical site infec-
tion (SSI) rates were similar across the groups with two 
events after RRVHR and one following LVHR. Bowel injury 
was more common during the LVHR; however, one of the 
SSI complications following RRVHR was due to a missed 
bowel injury that led to intraabdominal sepsis. Reoperation 
rates were the same between both groups. Four LVHR were 
converted to open, compared to none of the 
RRVHR.  Readmissions and other medical complications 
were similar across both groups. Narcotic use was not differ-
ent between groups; however, the RRVHR group had a sig-
nificantly shorter hospital length of stay of 1 day vs 2 for the 
LVHR group. The cost comparison was not statistically sig-
nificant with LVHR hospital costs averaging nearly $14,000 
and RRVHR nearly $20,000 [13].

More recently, Carbonell et  al. [14] looked to compare 
open retromuscular ventral hernia repair (OVHR) to RRVHR 
in 1205 patients. In their study, 39 surgeons contributed the 
OVHR cases, and 14 surgeons contributed the RRVHR 
cases. Robotic cases that converted to open were analyzed in 
an intent-to-treat approach and were included in the RRVHR 
cases. A “propensity score” matching identified 111 RRVHR 
cases and 222 OVHR suitable for comparison. Differences 
between groups showed the OVHR group received more 

regional block anesthesia, which had shorter operative times 
and more drain usage. The RRVHR cases were more likely 
to use a running stitch or permanent suture to close the 
defect, and there were four conversions to open. RRVHR had 
a shorter LOS by 1 day than OVHR. There were no differ-
ences in clinically relevant surgical site events. SSI, reopera-
tion, readmission, and other complications also occurred 
similarly between the two groups. There was no difference in 
the number of intraoperatively recognized complications, 
although one robotic case had one aforementioned unrecog-
nized bowel injury leading to reoperation [14].

 Preoperative Planning

Preoperative patient optimization is an important factor for 
success in abdominal wall reconstruction. We have good evi-
dence that smoking cessation will reduce risk in hernia 
repair, and thus we require our patients to have abstained 
from smoking for at least 1 month prior to repair; nicotine 
testing is routinely undertaken. Preoperative weight loss is 
also an important risk reducer, and similarly to our open 
TAR patients, we mandate weight reduction to at least 
BMI < 45 to reduce the risk of systemic and wound infec-
tions. Patients who are candidates for screening colonoscopy 
should have this complete prior to repair. Finally, we recom-
mend nutritional optimization with 5  days of arginine and 
omega-3 supplements, such as Impact ™ protein shakes or 
similar products prior to repair as well. Given the reduction 
in risk for wound infections that minimally invasive 
approaches provide, we find these recommendations to more 
pliable when we are using the robotic approach and might 
expand our ability to provide repairs for patients with greater 
BMIs and other risk factors while reducing their risk of post-
operative complications.

Patient selection is another important factor for success in 
abdominal wall reconstruction, and choosing the right patient 
and hernia for the minimally invasive approach to TAR is 
still under evaluation. Currently we utilize robotic TAR for 
incisional hernias with widths between 8 and 15 cm, although 
this could be extended depending on the compliance of the 
abdominal wall and ratio of the volume of the hernia com-
pared to the volume of the abdomen. We will also utilize the 
robotic TAR for patients with recurrent hernias where an 
underlay or onlay mesh had been previously placed.

 Setup

The success of a robotic approach to a complex ventral her-
nia repair with separation of components relies on thoughtful 
preoperative setup, and this will depend slightly on which 
robotic platform is being used.
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The da Vinci® Xi platform allows for slightly more flexibil-
ity in the room setup, as well as potentially extends the ability 
to perform the robotic transversus abdominis release proce-
dure on a wider selection of patients given the shorter distance 
required between ports, thus potentially allowing for smaller 
patients or shorter torsos. Also, less space in the physical oper-
ating room is required as the boom can be rotated the full l80° 
needed for redocking and thus does not require that the patient 
or the robot be repositioned for a contralateral dock.

The da Vinci® Si platform will require more space, as the 
robot will physically need to be moved to the contralateral 
side of the patient for the 2nd dock and also requires more 
space (10 cm) between ports to avoid arm collisions. Room 
setup here will likely require that the patient be turned at 
least 45–90° away from anesthesia, to allow access for the 
robot to be brought in perpendicular to the patient and over 
the hip on the working side.

The patient is positioned supine on the operating table. A 
Foley catheter and orogastric tube are placed after the induc-
tion of general anesthesia. The patient’s waist is positioned 
over on the bed where it can be flexed in order to open up the 
space between the costal margin and the iliac crest to create 
more working space. Both arms should be tucked to allow 
working space to avoid external collisions and to allow for 
the bedside assistant (Fig. 22.1).

We prefer to use long trocars, and for the Xi platform we 
use six long 8-mm cannulas. At least one will require an 
insufflation port unless the access port is to remain. When 
using the Si system we use four long 8-mm cannulas and two 
long 12-mm laparoscopic ports. Instrumentation remains the 
same across both platforms, using  the robotic scissor with 
monopolar cautery in the right hand and the fenestrated bipo-
lar grasper in the left. The Mega SutureCut™ Needle Driver 
will be placed in the right hand for suturing when that step of 
the procedure is reached.

 Procedure

As with any minimally invasive procedure, safe access to the 
abdomen is the first key step to the procedure. We prefer an 
optical view trocar entry at the costal margin, just lateral to 
the midclavicular line. If possible, the right side is preferable, 
but this will vary depending on the location of the patient’s 
hernia and previous operative history. Once access is 
obtained, the lower trocar is placed 2 cm medially and cepha-
lad from the anterior superior iliac spine (ASIS). The camera 
port is placed in between at approximately anterior axillary 
line (Fig. 22.2). The next step is to reduce the hernia contents 
and complete an adhesiolysis to clear the abdominal wall. 
Adhesiolysis should be completed, carefully taking advan-
tage of the pneumoperitoneum and sharp dissection to pre-
vent unintended bowel injury. If there is mesh in place from 
prior hernia repairs, mesh excision is typically undertaken.

Once the adhesions are taken down, the hernia defect is 
visible, and the posterior myofascial dissection can be started. 
We first identify the medial edge of the rectus abdominis 

Fig. 22.1 Patient positioning. 
The legs are flexed to 
minimize external collisions 
with thighs. The arms are 
tucked

Fig. 22.2 Our typical trocar strategy. The lower port could be slightly 
shifted cephalad for upper abdominal hernias
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muscle on the contralateral side  to port placement. The 
underlying medial aspect of the posterior rectus sheath is 
incised for the entire length of the rectus abdominis 
(Fig. 22.3), and the posterior sheath is then dissected off of 
the rectus muscle laterally until the lateral perforating neuro-
vascular bundles are identified. The cranio-caudal extent of 
the dissection is adjusted for smaller defects. During this dis-
section, the left hand is providing tension and traction, and 
the right hand (scissors) is using cautery and blunt dissection 
to create this space. It is not necessary to dissect all the way 
to the semilunar line, as we aim to preserve the neurovascular 
bundles in order to avoid denervation and devascularization 
of the rectus muscle.

Once the posterior rectus sheath release and retrorectus 
dissection are complete, the lateral aspect of the posterior 
sheath is incised approximately 1 cm medial to the perforat-
ing neurovascular bundles. This exposes the transversus 
abdominis muscle (TA) (Fig. 22.4). We typically initiate this 
step at the cephalad aspect of the field, as TA extends more 
medial in that area and is easier to identify. The TA is tran-
sected using electrocautery while lifting it away from the 
underlying tissue with the grasper (Fig. 22.5). This provides 
access to the pre-transversalis plane, which will then be dis-
sected bluntly laterally into the retroperitoneum and toward 
the lateral edge of the psoas muscle. Superiorly, the inter-
digitation of the diaphragm with the TA can be visualized as 
the preperitoneal plane cephalad to the costal margin is 
developed. As the dissection moves caudally along the apo-
neurotic TA, the arcuate line is reached, and it is transected. 
Here, the dissection plane must transition through the trans-
versalis fascia to a preperitoneal plane in order to complete 
the dissection in the space of Retzius. This dissection can 
also be completed in a “bottoms-up” technique by identify-
ing the arcuate line (Fig.  22.6), dissecting laterally and 

underneath it to raise it away from the underlying tissues and 
starting the transversus abdominis transection in the aponeu-
rotic TA and continuing the dissection cranially into the 
more muscular TA. The lateral dissection is complete when 
the posterior layer is lying flat against the abdominal viscera. 
Any disruptions to the posterior sheath can be repaired with 
a 2–0 absorbable suture at this time.

Mirrored ports are then placed on the contralateral side. 
The robot is then undocked at this time. The boom of the Xi 
can be rotated and redocked on the contralateral side, or for 
an Si, the patient is rotated 45–90° to allow the robot to be 
brought in over the contralateral hip and is then redocked.

Once the 2nd dock is complete, the hernia defect is again 
identified, any further adhesiolysis can be completed, and the 
dissection as described above is undertaken, again starting 

Fig. 22.3 Initial incision of the medial aspect of the posterior rectus 
sheath. It is important to confirm/visualize the fibers of the rectus 
muscle

Fig. 22.4 Incision of the lateral aspect of the posterior rectus sheath 
(posterior lamella of the internal oblique aponeurosis) just medial to the 
neurovascular bundles

Fig. 22.5 Incision of the transversus abdominis muscle. Care must be 
taken not to divide the underlying transversalis fascia and peritoneum
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by identifying the medial edge of the rectus abdominis mus-
cle. The lateral dissection is completed after the transecting 
the transversus abdominis muscle and taken out laterally to 
the psoas muscle. The two planes are connected inferiorly by 
identifying bilateral Cooper’s ligaments after complete dis-
section of the myopectineal orifices in the space of Retzius 
and dropping the preperitoneal fat pad off of the pubic sym-
physis. Superiorly by following the retromuscular plane that 
leads to the diaphragm and is deep to the ribs (Fig. 22.7), the 
subxiphoid fat pad can be identified and transected to con-
nect the bilateral dissection planes. This plane can then be 
exploited for further dissection all the way to the central ten-
don of the diaphragm, which is important and useful for her-
nias that extend superiorly to achieve adequate mesh overlap. 
The dissection is complete when the entire posterior layer 
lies flat on the abdominal contents.

Closure of the posterior layer is then undertaken, using 
2–0 absorbable self-locking sutures (Fig.  22.8), which are 
started from either apex and can be tied together in the mid-
dle. Any rents or defects can be closed with 2–0 Vicryl 
sutures or clips. There will be at least three small defects 
from the original ports placed transabdominally on the origi-
nal docking side. These should be closed to reduce the risk of 
intraparietal hernias.

The next step is closure of the anterior fascia and restora-
tion of the linea alba. To facilitate this closure under minimal 
tension, the pneumoperitoneum can be dropped to 
8–10 mmHg. The anterior closure is completed with a 0 or 
#1 self-locking suture running from both directions 
(Fig. 22.9). This suture is also used to imbricate the hernia 
sac into the closure in order to reduce the risk of seroma 
formation. Generally, the suture is brought through one side 

a

c

b

Fig. 22.6 rTAR “bottoms up”: (a) identification of the arcuate line at its junction with linea semilunaris; (b) incision of the arcuate line; (c) ret-
romuscular dissection facilitating cephalad progression and incision of the posterior rectus sheath and transversus abdominis muscle
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of the anterior fascia, then a bite of hernia sac is taken, and 
finally the suture is brought through the contralateral side of 
the fascia. Care must be taken not to include full thickness 
bites of the anterior abdominal wall skin.

After the sutures are placed, they are tightened up under 
reduced pneumoperitoneum (5–6 mmHg). It is important to 
inspect the entire linea alba for any gaps or improper sutures. 
If any are found, we suggested placing additional figure-of- 
eights intracorporeally or transabdominally.

Following closure of both anterior and posterior layers, a 
ruler is introduced to measure the dissected space as well as 
the hernia defect. A spinal needle placed at the edges of the 
defect can facilitate accurate measurements. The robot is 
then undocked as mesh is placed laparoscopically 
(Fig. 22.10). A mesh is cut to size to fill the entire retromus-
cular space, rolled into a single scroll. We use a macropo-
rous, midweight polypropylene mesh of approximately 
30x30 cm in size. We typically add no additional suture fixa-
tion. Occasionally a fibrin glue  is used. Drains are used 
selectively.

 Postoperative Care

We have adopted an Enhanced Recovery After Surgery 
(ERAS) [15] protocol for our open TARs, and this is acceler-
ated for the minimally invasive approach. Most patients will 
be kept overnight in the hospital, started on clear liquids, and 
advanced to a regular diet as tolerated. The patient is given 
minimal narcotics, and a multimodal pain medication 
approach is used and includes an intraoperative transversus 
abdominis plane (TAP) block with liposomal bupivacaine, 
Tylenol, NSAIDs, and gabapentin.

Patients are discharged with minimal activity restrictions, 
advancing to light activity immediately as tolerated. We 

Fig. 22.7 Superior extension of the retromuscular dissection in the 
preperitoneal plane on the diaphragm

Fig. 22.8 Restoration of the visceral sac via closure of the posterior 
layers. We utilize a running 2–0 absorbable barbed suture

Fig. 22.9 Restoration of the linea alba via approximation of the medi-
alized anterior rectus sheaths using #1 nonabsorbable barbed suture

Fig. 22.10 Laparoscopic placement of a sublay mesh. Fibrin glue fixa-
tion is optional
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expect them to be out of bed on the evening of POD 0. 
Driving and strenuous activities are typically limited until 
seen in the clinic at the 2-week post op visit. We prefer to 
follow our abdominal wall reconstruction patients long term 
to monitor for recurrence and complications. The patients 
are seen back at 6 weeks, 6 months, 1 year postoperatively, 
and then annually.

 Discussion

Although there is currently a lot of enthusiasm for the robotic 
TAR, there remain a lot of unanswered questions regarding 
its indication, overuse, complications, and outcomes. There 
is a limited amount of short-term data that has recently 
become available, which is promising that the robotic TAR 
offers economic value over open TAR, but long-term out-
comes are still awaited. Areas of research will be to define 
the most appropriate patients and hernias to be approached 
with the robotic TAR in order to limit the number of unnec-
essary component separations done, reduce cost, and limit 
potential complications. Long-term outcome data will also 
be necessary to evaluate for recurrence rates and procedure- 
specific complications, such as the intraparietal hernias that 
have been documented [11, 13]. The best pathway for sur-
geons to become competent and to provide a safe and suc-
cessful procedure to their patients is also unknown, although 
we recommend clear understanding of the anatomy and pro-
cedure from an open approach prior to attempting the robotic 
approach. This will help with intraoperative trouble shooting 
as well as in the case of conversion to open TAR.
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Robotic Suprapubic Hernias

Shinil K. Shah, Erik B. Wilson, and Peter A. Walker

 Introduction

Suprapubic ventral/incisional hernias (SPH, also sometimes 
referred to as parapubic hernias [1]), due to their location and 
associated anatomic factors, frequently offer challenges to 
durable repair. SPH are most frequently incisional and may 
be associated with suprapubic laparoscopic trocar place-
ment, sites of suprapubic catheter placement, and 
Pfannenstiel-, Maylard-, or Cherney-type incisions [2]. One 
of the early descriptions in the literature of this subset of 
hernias was offered by el Mairy in 1974 [3]. The incidence of 
SPH tends to be significantly less than other types of inci-
sional hernias, with estimates ranging from about 0.5–2%. 
The relationship to the pubic arch, bladder, and retroperito-
neal vasculature as well as the lack of a posterior rectus 
sheath represents the key anatomic issues that have to be 
considered when contemplating an operative strategy.

 Laparoscopic Suprapubic Hernia Repair

Multiple operative approaches including open, laparoscopic, 
and robotic have been reported, and the relative rarity of this 
type of hernia makes it difficult to determine which approach 
is superior [4, 5]. Overlay and underlay (retromuscular/retro-
rectus, pre-peritoneal (either transabdominal or totally extra-
peritoneal), or intraperitoneal) techniques have been 

described in the repair of these hernias. Given that these 
types of hernias are typically 4–5 cm or less from the pubic 
arch [6], pre-peritoneal or retromuscular placement of mesh 
tends to facilitate mesh fixation to the pubic arch and 
Cooper’s ligament [7–9]. Overlay techniques tend to be 
associated with higher recurrence rates [8]. Lack of fixation 
of the mesh to Cooper’s ligament has also been associated 
with higher recurrence rates and should be considered one of 
the key technical points of repair [6]. Familiarity with mini-
mally invasive inguinal hernia repair should be considered 
mandatory prior to surgeons attempting repair of SPH [6].

One of the earliest series reported of laparoscopic intra-
peritoneal repair of SPH was published by Hirasa et  al. A 
series of seven patients with recurrent SPHs were described 
utilizing intraperitoneal mesh placement with underlay of 
the mesh of 2–3 cm and fixation utilizing laparoscopic tacks. 
With a mean follow-up of 5.8 months, one recurrence was 
noted [10]. A report of laparoscopic pre-peritoneal repair of 
SPH was actually published several years prior, reporting a 
single case of a transabdominal pre-peritoneal repair of a 
SPH after prostatectomy, and included description of the 
now well-accepted principle of fixation of the mesh to 
Cooper’s ligament [11].

Since then, a number of small series describing laparo-
scopic repair incorporating some pre-peritoneal dissection to 
allow for fixation to the pubis and Cooper’s ligament have 
been published. Ferrari et al. reported a series of 18 patients 
undergoing laparoscopic SPH repair with 2 recurrences noted 
at the inferior border with 37 months of follow-up. Mesh was 
fixed with laparoscopic tacks only [12]. Most of the other 
published series describing pre-peritoneal dissection report 
fixation with transfascial sutures as well as laparoscopic 
tacks. Carbonell et al. reported a series of 36 patients (22/36 
patients with recurrent hernias) undergoing laparoscopic SPH 
repair, including pre-peritoneal dissection to allow for fixa-
tion of the mesh to Cooper’s ligament and the pubis. There 
were two noted recurrences over a mean follow-up of 
21.1  months (5.5%), with both occurring in the first nine 
cases, and were attributed to lack of appropriate inferior fixa-
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tion [1]. Other series have described similar technique as well 
as results, including series by Palanivelu et al. (17 patients (1 
recurrent hernia), 5.8% recurrence over 9  months of mean 
follow-up) [6] and Varnell et al. (47 patients (27 patients with 
recurrent hernias), 6.3% recurrence rate over 2.6 months of 
mean follow-up) [2]. Varnell et al. described a pre-peritoneal 
approach, starting with dissection inferior to the umbilicus, 
reduction of the hernia sac with the pre-peritoneal defect, and 
with at least partial re-peritonealization of the mesh in some 
cases [2]. The largest series of laparoscopic SPH described a 
review of 72 patients, including 5 patients with a previous 
incisional hernia repair, reporting no recurrences over a mean 
follow-up of 4.8 years. A partial pre-peritoneal approach was 
utilized, with the pre-peritoneal flap starting at the level of the 
anterior superior iliac spine and continuing inferiorly. After 
fixation of the mesh with tacks as well as transfascial sutures, 
the mesh was partially re-peritonealized [9]. Fixation of the 
mesh with bone anchors has also been reported for the repair 
of SPHs. Yee et al. reported a series of 17 patients with SPHs, 
in which a similar technique as reported by Carbonell et al. 
was utilized [1], but in addition to laparoscopic tacks and 
transfascial sutures, bone anchors were placed into the pubis 
to additionally secure the mesh. This study included patients 
with both lumbar hernias (13 patients) as well as SPH; recur-
rence was noted in 2 patients in both groups over a mean 
follow-up of 13.2 months [13].

There has been increasing interest in the extended view 
totally extraperitoneal (eTEP) approach to abdominal wall 
reconstruction, and some authors have reported its use in the 
repair of SPH; however there are no large series published 
for this subset of ventral/incisional hernias [4].

 Robotic Ventral/Incisional Hernia Repair

There continues to be increasing interest in robotics for the 
repair of ventral/incisional hernias. There is limited data spe-
cifically reporting on robotics and SPH repair; however, a 
review of the current literature in ventral/incisional hernia 
repair is certainly important. The initial report of robotic-
assisted ventral hernia repair described two patients in which 
robotic technology was utilized to facilitate laparoscopic 
repair. Transfascial sutures and tacks were utilized for fixa-
tion; robotics was utilized for adhesiolysis, intraperitoneal 
handling of the mesh, and suture presentation to a suture 
passing device [14]. Schluender et al. first published the use 
of robotics to facilitate circumferential suturing of mesh in a 
porcine model of laparoscopic ventral hernia repair [15].

The initial clinical report of intracorporeal suture fixation 
of mesh was published by Tayar et al. and described a series 
of 11 patients [16]. Allison et  al. reported a series of 13 
patients in which similar mesh fixation was utilized; how-
ever, they included primary fascial closure as part of the 

described technique [17]. Other case series have demon-
strated techniques of robotic transabdominal pre-peritoneal 
ventral hernia repair with primary defect closure (3 patients) 
[18] and robotic intraperitoneal mesh placement with pri-
mary defect closure (106 patients) [19] demonstrating 
acceptable short-term results. Recently, a series of 368 
patients describing a multi-institutional experience of robotic 
ventral and incisional hernia repair has been reported. In this 
series, 69.3% of patients had primary defect closure, and 
58.2% of patients had fixation of mesh with sutures alone 
[20]. Details specifically regarding robotic repair of SPH 
were not discussed.

There is limited data comparing laparoscopic to robotic 
ventral hernia repair. Gonzalez et  al. compared robotic-
assisted ventral hernia repair with primary fascial closure to 
laparoscopic ventral hernia repair without primary fascial 
closure (67 patients in each group). Surgical time was longer, 
and median follow-up time was shorter in the robotics group, 
without any statistically significant differences in overall 
complications or recurrence [21]. Chen et  al. compared 39 
patients undergoing robotic-assisted repair to 33 patients 
undergoing laparoscopic repair of small ventral and incisional 
hernias. Accounting for a larger defect size in the robotic 
group (3.07 cm as compared to 2.02 cm, p < 0.001) and lim-
ited follow-up (mean 47 days), robotics was associated with 
increased operative time without any differences in outcomes 
[22]. Recently, Warren et al. described a comparison of lapa-
roscopic ventral hernia repair (103 patients) to robotic retro-
muscular repair (53 patients). The robotic group was 
associated with higher incidence of fascial closure (96.2% 
versus 50.5%, p < 0.001), larger size of mesh placed, mesh 
placement in the extraperitoneal position, increased use of 
transversus abdominis release, increased operative times, and 
increased surgical site occurrences (seromas) (47.2% vs 
16.5%, p < 0.001). There was decreased intraoperative bowel 
injury (one patient versus nine patients, p  =  0.011) and 
decreased median length of stay (1 versus 2 days, p = 0.004) 
in the robotic group. Recurrence rates were not compared 
[23]. Most recently, Carbonell et al. published an analysis of 
333 patients from the Americas Hernia Society Quality 
Collaborative (2013–2016), comparing 111 robotic retromus-
cular ventral hernia repairs to 222 open retromuscular repairs, 
using propensity score matching to compare median length of 
stay. Median length of stay was noted in to be lower and sur-
gical site occurrences higher (mostly seromas) in the robotics 
group as compared to the open approach.

 Preoperative Planning

When dealing with hernias in atypical locations, preopera-
tive imaging, typically computed tomography (CT), should 
be considered [8]. As with other types of complex abdominal 
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wall reconstruction/incisional hernia repairs, attention in the 
preoperative period should be paid to factors that are associ-
ated with recurrence, including nutritional optimization, 
tobacco use, and morbid obesity.

Elective repair of SPHs should not be considered in 
patients who are actively smoking, and most guidelines rec-
ommend at least 4 weeks of smoking cessation prior to sur-
gery. In high-risk patients, consider testing for nicotine 
metabolites preoperatively.

Morbid obesity is a known risk factor for recurrence, and 
similar to other types of ventral/incisional hernias, elective 
surgery should be avoided in patients with morbid obesity. 
Increased risks for recurrence have been seen in patients with 
a BMI over 30  kg/m2 [24]. In patients with a BMI over 
40–50 kg/m2, aggressive means for preoperative weight loss, 
including consideration for weight loss surgery, should be 
considered prior to hernia repair [25, 26]. Elective surgery 
should also be avoided in patients with uncontrolled diabetes 
(glycosylated hemoglobin >8%) [25]. In patients with glyco-
sylated hemoglobin greater than 6.5%, preoperative optimi-
zation of diabetes management should be considered [25].

Given the need to mobilize the bladder off the abdominal 
wall when repairing SPH, Foley catheter placement should be 
considered to decompress the bladder [8]. Aggressive use of 
regional anesthesia and multimodal, narcotic sparing, pain reg-
imens, including pretreatment with medications such as gaba-
pentin, pregabalin, and/or celecoxib, should be utilized. In 
patients with a history or major risk factors for urinary reten-
tion, considerations including preoperative tamsulosin and a 
restrictive intraoperative fluid strategy should be employed.

 Setup

The setup for robotic SPH repair is similar to that of robotic 
inguinal and femoral hernia repair, with the exception that 
ports should be placed somewhat higher to allow for pre-
peritoneal or retromuscular flap creation several centimeters 
superior to the edge of the fascial defect. Initial peritoneal 
entry should occur with either optical entry techniques, 
Veress needle, or cutdown techniques as per the experience 
and comfort level of the operating surgeon. Typically, a cam-
era port is placed in the epigastric location, and two working 
ports are placed on either side, allowing for 8–10 centimeters 
of distance between the trocars (Fig. 23.1). We typically do 
not utilize an accessory trocar and usually place mesh and 
sutures through the camera port; however a 5–12-mm acces-
sory trocar for suctioning, suture, and mesh placement may 
be advisable early on in the learning curve or as part of an 
individual surgeon’s preference.

Unless utilizing a platform with integrated table motion, 
the patient should be placed in Trendelenburg prior to dock-
ing to facilitate access and pelvic dissection. Routine or 

selective Foley catheter placement should be considered, 
especially in recurrent or anticipated difficult cases. Docking 
of the robotic patient side cart can either be done in the mid-
line with the patient in lithotomy position or as a parallel side 
dock from either the right or left hip (Fig. 23.2). If feasible, 
tucking both arms aids in docking of the robotic patient side 
cart, instrument exchanges, placement of mesh and/or 
sutures, as well as facilitating activities of bedside assistants 
and surgical technologists.

Typical instruments utilized include monopolar shears or 
hook cautery, needle drivers, and grasping instruments 
(bowel graspers (tip-up fenestrated graspers, bowel graspers, 
Cadiere forceps), ProGraspTM forces, bipolar forceps (fenes-
trated or Maryland)) of the surgeons choice should be avail-
able. As cost is an increasingly important concern, all 
attempts should be made to minimize the number and type of 
instruments utilized. Typically, three instruments, including 
a needle driver, monopolar shears, and some type of grasping 
instrument, are sufficient for the majority of cases.

Fig. 23.1 Port placement for robotic suprapubic hernia repair. 
Generally the camera port is placed in the supraumbilical or epigastric 
location depending on the location of the superior aspect of the hernia 
fascial defect. Instrument arms (either 5 mm or 8 mm depending on the 
choice of instruments and or the robotic platform being utilized) are 
placed laterally, typically 8–10 centimeters from the camera port
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 Procedure

When considering the number of approaches for robotic 
suprapubic hernia repair, unless considering a total extraperi-
toneal approach, there are number of common key steps. 
After safe peritoneal entry and port placement, lysis of adhe-
sions is carefully undertaken. The borders of the hernia fas-
cial defect are determined and measured. Relationships to 
key anatomical structures, including distance from the pubic 
arch, should carefully be noted. If there is difficulty identify-
ing the position of the bladder, fluid can be instilled via a 
Foley catheter to aid intraoperative visualization. Distending 
the bladder may also help with operative dissection [1].

Pure intraperitoneal mesh repair of SPHs is difficult and 
is not advised as it does not tend to allow for adequate infe-
rior coverage of the facial defects. To achieve adequate mesh 
overlap, repair almost always requires takedown of the blad-
der to identify the pubic arch and Cooper’s ligament. Failure 
to release the bladder can result in iatrogenic injury utilizing 
a pure intraperitoneal approach. For this reason, a pre-perito-

neal dissection should be considered mandatory to expose 
the pubis and Cooper’s ligament.

Complete as well as partial transabdominal pre-peritoneal 
repairs have been described. Additionally, totally extraperi-
toneal as well as eTEP approaches have been discussed, but 
to date, series describing the use in SPH repair have not been 
published [4]. For complete pre-peritoneal or eTEP type 
repairs, dissection of the pre-peritoneal plane generally starts 
in the midline inferior to the umbilicus and continues inferi-
orly. Generally, the hernia sac will be reduced during the pre-
peritoneal dissection. With partial pre-peritoneal repairs, 
typically, the pre-peritoneal plane is entered at the level of 
the anterior superior iliac spine, and dissection is carried to 
the opposite side. This dissection is similar to that which is 
performed during transabdominal pre-peritoneal repairs of 
inguinal or femoral hernias. Dissection is carried inferiorly 
to release the bladder, identify both Cooper’s ligaments as 
well as the pubic arch, and continue to the space of Retzius. 
Care should be taken to identify and prevent injury to the 
inferior epigastric as well as location of the iliac vessels [2]. 
This dissection allows for adequate inferior coverage of the 

a b

Fig. 23.2 Docking of the patient side cart is easiest either as a parallel side dock from the right or left side (a) or in the midline if the patient is in 
lithotomy position (b). With the da Vinci Xi platform (Intuitive Surgical), docking can be done from any position
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mesh and the ability to secure the mesh to Cooper’s liga-
ments (Figs. 23.3 and 23.4). Pre-peritoneal dissection also 
allows for placement of a larger mesh, as the borders of this 
space tend not to be restricted by the lateral rectus [8]. In the 
case of partial pre-peritoneal repairs, the mesh can then be 
partially re-peritonealized, and the intraperitoneal portion of 
the mesh can be fixed to the abdominal wall using the tech-

nique of the surgeon’s choice, including transfascial sutures, 
absorbable or permanent tacks, or circumferential suturing to 
the posterior abdominal wall with absorbable or nonabsorb-
able sutures [9].

One of the potential advantages of robotic ventral/inci-
sional hernia repair is the ability to fixate mesh without 
transfascial sutures and, in many cases, laparoscopic tacks. 
Depending on the surgeon’s preference, absorbable or per-
manent sutures can be utilized to fixate the mesh to Cooper’s 
ligament and the pubis as well as to the anterior abdominal 
wall using interrupted or running techniques. Barbed sutures 
can facilitate running fixation of the mesh.

The role of fascial closure during the repair of SPH is cur-
rently a topic of debate. There is some suggestion that pri-
mary fascial closure during ventral/incisional hernia repair 
may be associated with decreased seroma and wound com-
plication rates [27], as well as potentially lower recurrence 
rates [28]. Fascial closure can be difficult in SPH and tradi-
tional anterior component separation techniques may not 
assist in repair or in promoting primary anterior fascial clo-
sure [8]. In difficult or larger hernias, retromuscular dissec-
tion with or without transversus abdominis release may 
allow for release of the anterior fascia, allow for primary fas-
cial closure, and allow for placement of adequate-sized mesh 
prosthesis [8]. Primary fascial closure is typically accom-
plished in robotic ventral/incisional hernia repair with the 
use of interrupted or running barbed or non-barbed sutures.

Choice of mesh is generally left to the individual surgeon. 
With a completely pre-peritoneal dissection and complete re-
peritonealization of the mesh, uncoated meshes can be uti-
lized; however, if there is exposed mesh, coated meshes 

Fig. 23.3 Demonstrated is the inferior view that should be visualized 
prior to mesh placement and fixation. Cooper’s ligament and the pubis 
should be dissected completely, with care taken to avoid injury to the 
inferior epigastric and iliac vessels, to allow for adequate inferior over-
lap of the mesh. Note in this case, a partial pre-peritoneal dissection was 
utilized. Figure reproduced with permission. (From Sharma et al. [9], 
with permission of Springer)

a b

Fig. 23.4 After full dissection and exposure (a), mesh is placed with 
care taken to ensure it is adequately fixated to Cooper’s ligament and 
the pubis (b). This can be accomplished with sutures, laparoscopic 
tacks, or a combination of both. Although not depicted in this figure, 

consideration should be given for primary closure of the hernia defect. 
Figures reproduced with permission. (From Varnell et al. [2], with per-
mission of Elsevier)
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should be considered. Generally, medium-weight meshes 
should be utilized for repair, and ultra-light, light-weight or 
super heavy-weight meshes are associated with worse out-
comes [25].

 Conclusions
The repair of SPH represents a challenge, secondary to 
primarily anatomic reasons. There is increasing data sup-
porting the use of minimally invasive means of repair. 
Careful attention to preoperative optimization as well as 
intraoperative technique, particularly adequate inferior 
fixation of the mesh, is likely to result in best outcomes. 
Although continued further study is required, robotic sur-
gery may be a valuable tool to facilitate pre-peritoneal 
dissection as well as mesh fixation.
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Abbreviations

IPAA Ileal pouch-anal anastomosis
SMA Superior mesenteric artery
SMV Superior mesenteric vein

 Introduction

Total proctocolectomy with ileal pouch-anal anastomosis 
(IPAA) is the procedure of choice for the surgical treatment 
for ulcerative colitis and familial adenomatous polyposis 
[1–3], Although a three-stage procedure (total colectomy, 
completion proctectomy with IPAA and diverting ileostomy, 
and ileostomy closure) is performed in the emergency set-
ting in patients with ulcerative colitis, this operation is usu-
ally carried out in two stages in which total proctocolectomy 
is combined with an IPAA and diverting ileostomy as the 
first stage, followed by ileostomy closure as the second 
stage. Since its initial description in 1978 [4], the surgical 
techniques have evolved over the years with respect to pouch 
construction and operative approach. In terms of operative 
approach, since the first laparoscopic proctocolectomy was 
reported in 1992 [5], multiple studies have now shown that 
laparoscopy provides favorable postoperative outcomes, 
such as faster recovery, shorter hospital stay, and good func-
tional outcomes when compared to open proctocolectomy 
[3, 6, 7].

The introduction of robotic surgery with its technical 
advantages over laparoscopy, including three-dimensional 
vision, better dexterity with stable wristed instrumentations, 
and improved ergonomics. Has revolutionized minimal inva-
sive approach [8]. As a result, robotic surgery has become 
the preferred choice for many colorectal procedures in the 

hope to further optimize surgical outcomes [9]. Although 
robotic proctocolectomy is a relatively new concept, there is 
a growing body of evidence suggesting the safety and effec-
tiveness of the use of the robot in this procedure. In this 
chapter, we present a literature review and describe the tech-
nical aspects of robotic proctocolectomy procedure and 
 perioperative patient care.

 Literature Review

Since 2011, when Pedraza et  al. [10] first described the 
application of the robotic system for proctectomy during the 
proctocolectomy procedure, seven studies including two 
comparative studies [11, 12], two case series [13, 14], and 
two cases [15, 16] have been reported regarding the use of 
the robot in the abdominal and/or pelvic stage of this opera-
tion (Table 24.1).

In the initial three reports [10, 11, 13], the general trend 
was to use the robot primarily for the pelvic stage (proctec-
tomy) of the procedure. In their series including five ulcer-
ative colitis patients undergoing proctocolectomy procedure, 
Pedraza et  al. [10] reported the feasibility and safety of 
hybrid robotic-assisted laparoscopy procedure combining 
conventional laparoscopy for colectomy and robotic 
approach for proctectomy. The mean operative time was 
330 min with a robot docking time of 16.8 min and surgeon 
console time of 122 min. The mean estimated blood loss was 
200  ml. There were no intraoperative complications, and 
none of the procedures required conversion to open or 
another minimally invasive modality. Postoperatively, the 
mean time to return of bowel function was 2.4 days, length 
of hospital stay was 5.6  days, and no patients developed 
major postoperative complications. Shortly after this study, 
McLemore et al. [13] reported the technical advantages of 
the robotic approach for pelvic dissection during the stage II 
procedure (completion proctectomy with ileoanal pouch 
reconstruction) in three patients with toxic ulcerative colitis 
who had prior laparoscopic total colectomy. In a different 
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study, Miller et  al. [11] matched 17 robotic proctectomies 
(10 with IPAA and 7 with completion proctectomy) to lapa-
roscopic proctectomies for inflammatory bowel diseases. 
Overall, there were no conversions to open surgery, and the 
postoperative complication rates were similar in this study. 
With respect to the completion proctectomy subgroup, all the 
perioperative outcomes were similar between the two 
approaches except operative times were longer (351 vs 
238  min), return of bowel function was slower (3.0 vs 
1.7 days), and length of stay was longer (6.4 vs 4.1 days) in 
the robotic procedures. With respect to the IPAA subgroup, 
the authors noted no difference in perioperative outcomes 
between the two approaches, including operative times (370 
vs 316 min), return of bowel function (3.6 vs 2.6 days), and 
length of hospital stay (8.5 vs 6.1 days). Quality of life and 
sexual function after IPAA were also equivalent between the 
groups. The authors conclude that robotic surgery is compa-
rable to laparoscopy with respect to perioperative outcomes, 
complications, and short-term functional outcomes.

In the following years, the trend in the use of robotic 
approach shifted from the pelvic side of the operation to 
abdominal colectomy. In 2015, Juo and Obias [15] reported 
the feasibility of robotic single incision total colectomy in a 
patient with familial adenomatous polyposis and demon-
strated the possibility of access to the entire abdominal cav-
ity through a single umbilical incision. Eventually, in the 
same year, the first totally robotic proctocolectomy was 
reported by Roviello et al. [14] in a series of four patients 
with ulcerative colitis. To date, this has been the largest series 
of totally robotic proctocolectomy procedure ever reported. 
In this study, the authors described the robotic single-dock-
ing technique. The mean operative time and blood loss were 
235  min and 100  ml, respectively. There were no conver-
sions. The overall postoperative morbidity was 75% includ-
ing one patient who required reoperation due to small bowel 
obstruction secondary to internal herniation. The authors 

conclude that the single-docking technique to perform total 
proctocolectomy is safe and feasible and also time-saving as 
opposed to a multiple docking approach.

Lastly, Mark-Christensen et al. [12] compared a series of 
81 robot-assisted laparoscopic IPAA with 170 open IPAA 
procedures. Of the 81 robotic procedures, completion proc-
tectomy and restorative proctocolectomy were performed in 
79 and 2 patients, respectively. The operative time was longer 
for the robotic procedures, and there were no differences in 
the distribution of complications. Pouch failure occurred in 
one patient following robotic and two patients following open 
surgery. On multivariate analyses, robotic surgery was associ-
ated with longer operative times and more readmissions.

As seen, data on totally robotic proctocolectomy proce-
dure is still very limited with a total number of seven patients 
reported in the literature [12, 14, 16]. Nevertheless, all these 
reports provide essential data on the safety and efficacy of 
robotic approach to guide further investigations. With any 
complex procedure gaining gradual acceptance, the tech-
nique should be expected to evolve. Considering this, the 
technical details of the totally robotic proctocolectomy pro-
cedure in our practice will be described in the following 
section.

 Preoperative Planning

In patients with well-controlled colitis or familial adenoma-
tous polyposis, we prefer a two-stage procedure with a com-
bined total proctocolectomy, IPAA, and diverting loop 
ileostomy followed by subsequent ileostomy closure. The 
patient’s general condition and nutritional status should be 
optimized prior to surgery. The patient is counselled by the 
colorectal nurse who marks the site of ileostomy. Mechanical 
bowel preparation is administered 1 day before surgery. Low 
molecular weight heparin is administered 12  h. before the 

Table 24.1 The number of robotic proctectomy, colectomy, and proctocolectomy procedures reported in the literature

Author
Publication 
year

Total number of 
robotic procedures

Robotic 
colectomy (n)

Robotic 
proctectomy (n)

Laparoscopic colectomy and 
robotic proctectomy (n)

Robotic 
proctocolectomy (n)

Pedraza et al. 
[10]

2011 5 (UC: 5) – – 5 –

McLemore et al. 
[13]

2011 3 (UC: 3) – 3 – –

Miller et al. [11] 2012 17 (UC: 13, IC: 2, 
CD: 2)

– 17 – –

Juo and Obias 
[15]

2015 1 (FAP: 1) 1 – – –

Roviello et al. 
[14]

2015 4 (UC: 4) – – – 4

Baca et al. [16] 2015 1 (UC: 1) – – – 1
Mark-Christensen 
et al. [12]

2016 81 (UC: 81) – 79 – 2

UC ulcerative colitis, IC indeterminate colitis, CD Crohn’s disease, FAP familial adenomatous polyposis
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operation for venous thrombosis prophylaxis, and intrave-
nous antibiotic prophylaxis is given 1  h. before surgical 
 incision. After induction of general anesthesia, a nasogastric 
tube and a urinary catheter are placed.

 Setup

Under general anesthesia, the patient is fixed on the operat-
ing table in the modified lithotomy position with both arms 
tucked alongside the body. The Allen Yellofin stirrups™ and 
shoulder supports should be used for secure patient position-
ing. The patient cart is draped in a sterile fashion. The robotic 
console is positioned in a way that the surgeon can effec-
tively see the operating table and communicate with the bed-
side assistant throughout the procedure. The vision cart is 
positioned outside the sterile field and should be visible to 
the bedside assistant.

 Procedure

The operation is performed via a medial-to-lateral approach 
using the da Vinci Xi robotic system (Intuitive Surgical Inc., 
Sunnyvale, CA, USA) [16]. A total number of seven trocars 
are used: four 8-mm, one 12-mm robotic, and two 5-mm assis-
tant trocars. A Veress needle is introduced through an 8-mm 
skin incision in the supraumbilical region, and pneumoperito-
neum with an intra-abdominal pressure of 12 mmHg is estab-
lished. An 8-mm robotic trocar is placed through this incision, 
and a 30° camera is introduced into the abdomen via this tro-
car. The remaining four robotic trocars are placed under direct 
vision, as follows: one 8-mm trocar in the right iliac fossa, one 
12-mm trocar with a reducer cap in the right lower quadrant at 
the premarked ileostomy site, and two 8-mm trocars in the left 
upper quadrant. All the five robotic trocars are positioned at 
least 6  cm apart from each other and arranged in a line, as 
shown in Fig. 24.1. Then, two assistant trocars are placed: one 
is at the premarked suprapubic incision site and the other one 
in the right upper quadrant. These assistant trocars are used by 
the bedside assistant for suction and retraction.

The operation is completed in two stages: the first stage 
involves dissection of the right colon up to the level of the 
mid-transverse colon, and for this, four robotic trocars (the 
right lower quadrant, supraumbilical and two left upper 
quadrant trocars) and the suprapubic assistant trocar are 
used. The second stage is for the dissection of the remaining 
colon and rectum. In this stage, four robotic trocars (the right 
iliac, right lower quadrant, supraumbilical and one left upper 
quadrant trocars) and the right upper quadrant assistant tro-
car are used (Fig. 24.1). The 12-mm robotic trocar at the pre-
marked ileostomy site serves for stapler insertion to perform 
bowel transection in both stages of the operation.

In the first stage, the patient is placed in a 15° Trendelenburg 
position with the operating table tilted 30° to the left side. The 
small bowel loops are retracted medially and the omentum 
above the transverse colon with a laparoscopic grasper, expos-
ing the ventral side of the ascending and transverse mesocolon. 
The robotic cart is docked from the right side of the patient, the 
camera is positioned at arm 3, and the robotic system is tar-
geted to the right colon. Then, the other robotic arms are 
mounted to the trocars and instruments are inserted, as follows: 
double fenestrated tip-up grasper at arm 1, double fenestrated 
bipolar forceps at arm 2, and monopolar curved scissors at arm 
4. The assistant surgeon positions on the left side of the patient.

Dissection is initiated by retracting the ascending meso-
colon laterally with the tip-up grasper near the ileocecal 
junction. The peritoneum overlying the ileocolic vascular 
pedicle is lifted up with bipolar forceps and incised with 
monopolar scissors. The ileocolic vein and artery are isolated 
individually, clipped with Hem-o-lok clips (Weck Closure 
Systems, Research Triangle Park, NC) near its origin from 
the superior mesenteric vein (SMV) and artery (SMA), and 
divided between the clips using scissors. A robotic vessel 
sealer can also be used to divide the vascular structures. 
Mesenteric dissection is performed staying between the 
embryological planes just anterior to the Toldt’s and Gerota’s 
fasciae and the duodenum. During this dissection process, 
the right colic vessels, if present, are clipped and divided 
near their origins in the same fashion. Mesenteric dissection 
is continued up to the root of the middle colic vessels, which 

Fig. 24.1 Trocar placement in robotic proctocolectomy. Four 8-mm 
robotic, one 12-mm robotic and two 5-mm assistant trocars are used. 
Robotic trocar # 1 (8 mm) is in the right iliac fossa, trocar # 2 (12 mm) 
in the right lower quadrant, trocar # 3 (8 mm) in the supraumbilical 
area, and trocars 4 and 5 (each 8 mm) in the left upper quadrant. AT 1, 
assistant trocar in the suprapubic area. AT 2, assistant trocar in the right 
upper quadrant. The robotic trocars # 2, 3, 4, and 5 and AT 1 are used 
for dissection of the right colon up to the level of mid-transverse colon. 
For the dissection of the remaining colon and rectum, the robotic tro-
cars # 1, 2, 3, and 4 and AT 2 are used
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are then divided between clips. While the assistant applies 
gentle traction on the transverse colon caudally, the bursa 
omentalis is entered and the gastrocolic ligament divided 
from right to left along the greater curvature of the stomach 
up to the hepatic flexure, preserving the gastric vascular 
arcade. Hem-o-lok clips or a vessel sealer can be used for 
vascular control during this dissection. With inferiomedial 
traction, the hepatic flexure is taken down, and lateral attach-
ments of the ascending colon are mobilized craniocaudally 
using scissors.

For the dissection of mesocolon, the most common tech-
nique employed by surgeons is that the mesocolon is resected 
near the bowel wall without performing vascular high liga-
tion. However, in our early experience with laparoscopic 
proctocolectomy procedures, we noticed that dissection in 
this plane required ligation of numerous mesenteric vascular 
branches and was sometimes difficult in the presence of peri-
colonic inflammation especially in patients with chronic 
ulcerative colitis. On the other hand, vascular high ligation 
and dissection along the embryological planes may provide 
better vascular control and a clearer surgical field which, in 
turn, help improve visualization and ease preservation of the 
retroperitoneal structures. In addition to this, any incidental 
colorectal cancer could be treated using this technique with-
out a need for further lymphadenectomy especially in 
patients with familial adenomatous polyposis [17].

Following full mobilization of the right colon, transection 
of the ileum is performed. The terminal ileum 2  cm away 
from the ileocecal valve is dissected free of its mesentery and 
divided using a robotic EndoWrist® stapler with a blue car-
tridge (Intuitive Surgical Inc., Sunnyvale, CA, USA). For 
this, the reducer cap is temporarily removed from the 12-mm 
trocar in order to introduce the robotic stapler. Demounting of 
the robotic arms completes the first stage of the operation.

In the second stage, without moving the robotic cart, the 
boom of the robotic system is rotated from the right side of 
the patient to left for the dissection of the left colon and rec-
tum. The angle of Trendelenburg position is increased from 
15° to 30°, and the operating table is tilted 30° to the right. 
The small bowel loops are retracted out of the pelvis to the 
right side of the abdomen with a laparoscopic grasper. The 
camera is inserted in the supraumbilical trocar at arm 2, and 
the robotic system is targeted to the left inguinal region. The 
other robotic arms are mounted to the trocars and instru-
ments are inserted, as follows: double fenestrated bipolar 
forceps at arm 1, monopolar curved scissors at arm 3, and 
double fenestrated tip-up grasper at arm 4. The assistant sur-
geon moves to the right side of the patient.

Again, the mesentery of the left colon is approached in a 
medial-to-lateral fashion. With anterior traction on the sig-
moid colon with the tip-up grasper, the peritoneum is incised 
at the sacral promontorium level, and the aorta-mesenteric 
window is entered using the monopolar scissors and bipolar 

forceps. Following identification of the inferior mesenteric 
artery, the artery is clipped and transected 1 cm away from its 
origin in order to preserve the inferior mesenteric nerve 
plexus. The inferior mesenteric vein is divided in the same 
manner. The mesocolon is separated from the anterior sur-
face of the pancreas, the omental bursa is entered, and dis-
section is continued to the level of the splenic flexure. Then, 
dissection is directed into the embryological planes over 
Gerota’s and Toldt’s fasciae, preserving the left ureter, 
gonadal vessels, and autonomic nerves. After completing 
medial dissection, the distal transverse colon is retracted 
caudally, the bursa omentalis is reentered and the remaining 
gastrocolic ligament divided from right to left, separating the 
omentum completely from the stomach and spleen. We pre-
fer removing the omentum in this operation in order to 
decrease the risk of postoperative adhesion formation. In 
addition to this, the omentum may harbor foci of microab-
scesses in the presence of active inflammation; thus removal 
of the omentum may prevent the risk of intra-abdominal sep-
tic complications postoperatively. The left colon is retracted 
medially, the lateral attachments of the colon are divided, 
and the splenic flexure is taken down completely.

Following completion of the abdominal portion of opera-
tion, attention is directed to the pelvis. The same trocar con-
figuration is used for both left colectomy and pelvic 
dissection. The rectum is dissected according to the total 
mesorectal excision principles. Although not essential in a 
benign disease, total mesorectal excision provides an almost 
bloodless plane of dissection and allows us to create a better 
pouch configuration. First, the peritoneal reflection just 
below the sacral promontory is incised, and the rectum is 
mobilized posteriorly by sharp dissection in the “holy plane” 
between the fascia propria recti and the presacral fascia. This 
dissection is achieved by pulling gently the sigmoid colon 
anteriorly and cranially by the assistant. Dissecting the pos-
terior mesorectum first enables the surgeon to hold the meso-
rectum easily, thus facilitates its lateral dissection. Then, the 
right lateral side of the mesorectum is mobilized, and this is 
followed by the mobilization of the left side of the mesorec-
tum. Care should be taken to preserve the right and left hypo-
gastric nerves during posterior dissection and inferior 
hypogastric plexus during lateral dissection (Fig. 24.2). After 
adequate mobilization is achieved bilaterally, attention is 
directed to the anterior mesorectum. In the absence of malig-
nancy, we perform mesorectal dissection behind the 
Denonvillier’s fascia in order to avoid postoperative sexual 
dysfunction. The mesorectal dissection is continued down to 
the pelvic floor. At this stage, the surgeon changes the angle 
of the robotic camera from “down” to “up” position in order 
to see the intersphincteric area. After full mobilization of the 
mesorectum is completed, the assistant surgeon performs a 
digital rectal examination to determine the level of rectal 
transection. The tip of a finger placed in the anus with the 
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proximal interphalangeal joint at the level of the anal verge 
provides a useful estimate of the appropriate level of transec-
tion. The rectum is divided using a robotic stapler(s) with 
green cartridge introduced through the 12-mm trocar 
(Fig. 24.3).

Following rectal transection, the robotic system is 
undocked, and a suprapubic incision is performed at the 
suprapubic assistant trocar site to a length of 6–8 cm. This 
incision is used to extract the proctocolectomy specimen and 
to carry out ileal J-pouch creation (Fig. 24.4). A J-pouch of 
18–20 cm is constructed in a usual fashion using linear sta-
plers. An anvil of a 29-mm or 31-mm circular stapler is 
secured in the distal end of the pouch, and the bowel is 
returned into the abdomen. The suprapubic incision is closed 
and pneumoperitoneum is re-established. The patient is 
placed to a reverse Trendelenburg position with a slight left 
tilt. If there are concerns about a tension-free IPAA, then suf-

ficient mesenteric length is generally achieved with perito-
neal relaxing incisions. If reach issue is still of concern, extra 
length can be obtained by releasing the mesenteric attach-
ments up to the third portion of the duodenum. The robotic 
system is re-docked and the pouch-anal anastomosis is car-
ried out using a circular stapler placed transanally. Care is 
taken not to twist the intestine and not to entrap the vagina in 
the staple line in female patients.

An air-leak test is performed to ensure anastomotic and 
suture-line integrity. The pelvis is copiously irrigated. After 
hemostasis is assured, a silicone drain is placed into the pel-
vis through the right flank trocar site. Finally, the ileum 
approximately 30  cm away from the pouch is brought 
through the abdominal incision at the 12-mm trocar site in 
the right lower quadrant. All trocars are removed, skin inci-
sions are closed, and the diverting loop ileostomy is matured 
in a standard fashion.

 Postoperative Care

Postoperative intravenous narcotics and nonsteroidal anti-
inflammatory medication are given as needed for postopera-
tive pain control. Venous thrombosis prophylaxis is continued 
for 7 days postoperatively. Removal of nasogastric tube and 
start of oral intake are determined on the basis of return of 
bowel movement. Patients are discharged from the hospital 
when sufficient oral intake, full ambulation, and adequate 
pain control with oral analgesics are achieved. Within 
2 months after surgery, the integrity of anastomosis is con-
firmed with a contrast enema study and then the patient is 
scheduled for ileostomy closure.

Conflicts of Interest The authors, Volkan Ozben and Bilgi Baca, 
declare that they have no conflicts of interest.

Fig. 24.2 Completion of the mesorectal dissection

Fig. 24.3 View of the anorectal stump and staple line following distal 
rectal transection

Fig. 24.4 View of the ileal J-pouch
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Robotic Hysterectomy

Erica Stockwell, Jasmine Pedroso, and K. Warren Volker

 History

Minimally invasive surgery is the one of most ground-
breaking surgical innovations in the past 30  years. 
Laparoscopic surgery was initially introduced in 1901 
when Von Ott inspected the abdominal cavity of a preg-
nant woman. It did not gain widespread popularity, how-
ever, until 1987 when French gynecologist, Mouret, 
performed the first laparoscopic cholecystectomy [3]. It 
was around this time that the first generation of robots was 
created to perform image-guided precision tasks. The 
technology evolved and in 2005 the FDA approved 
Intuitive Surgical’s da Vinci® surgical system for use in 
gynecologic surgery.

Robotic surgery in gynecology is one of the fastest 
growing fields of robotic surgery. This includes the use of 
the da Vinci surgical system in benign gynecology and 
gynecologic oncology. Robotic surgery can be used to treat 
fibroids, abnormal periods, endometriosis, ovarian tumors, 
pelvic organ prolapse, and female cancers and perform hys-
terectomies, myomectomies, and lymph node biopsies. A 
2013 JAMA study reported that robotic hysterectomy 
increased almost 1000% between 2007 and 2010 (from 
0.5% to 9.5% of all hysterectomies), while rates of laparo-
scopic hysterectomy increased much more slowly (from 
24.3% to 30.5%) [4].

Robotic-assisted surgery has demonstrated clear advan-
tages over conventional laparoscopy for gynecologic oncol-
ogy, specifically for lymph node dissection, but its superiority 
in benign surgery is contested as complication rates tend to 
be similar between robotic-assisted and conventional lapa-
roscopy. Benefits of robotic-assisted surgery for benign 

gynecologic conditions include increased dexterity, improved 
ergonomics, three-dimensional optics, reduced blood loss, 
decreased postoperative pain, shorter hospital stay, and 
quicker learning curve than with conventional laparoscopy 
[5–7]. Drawbacks include increased operative time, increased 
operative cost, and potentially increased rate of vaginal cuff 
dehiscence [7, 8]. While robotic-assisted surgery has been 
shown to be safe and feasible in gynecologic surgery, addi-
tional randomized controlled trials are required to determine 
specific indications for use. Robotic-assisted hysterectomy is 
potentially most beneficial for obese patients, in those with 
large uteri, those with complex surgical pathology (such as 
advanced endometriosis and extensive pelvic adhesions), 
and in those with pelvic organ prolapse. In addition, surgical 
advancements such as single-site hysterectomy may change 
the relative advantages and disadvantages of laparoscopic 
versus robotic hysterectomy.

 Patient Positioning

A successful robotic-assisted hysterectomy begins with 
proper and secure patient positioning. Once the robot is 
docked, the patient is, for the most part, unable to be reposi-
tioned. The first step is therefore to secure an anti-slip pad or 
beanbag positioner to the table to prevent the patient from 
sliding backward while in steep Trendelenburg position. 
Draw sheets underneath the patient should be minimized, 
and a gel donut or foam pillow should also be placed under 
the patient’s occiput to avoid ischemic necrosis and alopecia 
while in Trendelenburg.

The patient is placed in a low dorsal lithotomy position 
using stirrups (see Fig. 25.1). Heels should be flush with the 
back of the stirrup, and all pressure points should be well 
padded. Extreme flexion, extension, and abduction should be 
avoided to minimize neuromuscular injuries. The buttocks 
should be positioned just off the edge of the table with the 
sacrum fully supported. If the patient is not placed down far 
enough on the table, then uterine manipulation will be lim-
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ited during the case. On the other hand, if the patient is too 
far down, this will put increased pressure on the patient’s 
lower back resulting in possible injury.

Both arms should be padded and tucked at the patient’s 
sides in a thumbs-up position in order to provide space for 
the surgeon to operate from the level of the patient’s shoulder 
to angle directly toward the pelvis and to prevent nerve injury 
to the patient. It is a good practice to tuck the arms even for 
short procedures as any procedure carries the possibility of 
taking longer than anticipated. For obese patients, plastic 
sleds, arm rests, or bed extenders may be placed lateral to the 
patient to provide enough room to tuck the arms.

A strap may be placed across the patient’s chest to further 
prevent patient slippage. Alternatively, shoulder pads may be 
placed, but extreme caution should be taken to place them 
directly over the acromions and padded so as not to impinge 
upon the neck or create a brachial plexus injury through 
stretch or compression.

The eyes should be closed and covered to prevent corneal 
abrasions. A protective barrier such as a metal cage attached 
to the bed frame, or a foam pillow, should be placed over the 
patient’s head to prevent dislodging of the endotracheal tube, 
injury from instruments resting on the face, or robotic arm 
collision.

Lastly, the patient is slowly tipped into Trendelenburg 
position. This should be done prior to prepping and draping 
to ensure the patient does not slide too far backward, that 
arms stay tucked in place, and that legs are not over extended 
and to ensure that the patient is able to tolerate anesthesia in 
a Trendelenburg position. The degree of Trendelenburg 
should be enough to allow for mobilization of the bowel out 
of the pelvis to adequately visualize pelvic anatomy. It often 
does not require the maximum Trendelenburg position of 
30–40°. A pilot study in which surgeons were blinded to 
degree of Trendelenburg used demonstrated a mean of only 
16° required to adequately visualize the pelvis [9]. Overall, 
the total time the patient spends in Trendelenburg position 

should be minimized to avoid injury secondary to slippage or 
physiologic changes associated with Trendelenburg posi-
tioning. Steep Trendelenburg position for more than 3 h may 
predispose a patient to potential brachial plexus injury, cor-
neal abrasions, laryngeal edema, cerebral edema, and poste-
rior ischemic optic neuropathy [10].

 Uterine Manipulation

Good uterine manipulation is also key in performing a suc-
cessful hysterectomy, and there are a variety of uterine 
manipulators available for use. Uterine manipulators help to 
provide adequate exposure, afford proper triangulation, and 
avoid injury to the ureters and bladder. There are uterine 
positioning systems available as well to hold the manipulator 
in place and maintain uterine position. There are no random-
ized control trials comparing the variety of uterine manipula-
tors head-to-head to prove brand superiority. Choice is 
largely dependent on surgeon preference and availability. 
The author prefers to use a manipulator with a disposable 
lighted cervical cup, pneumo-occluder, and reusable metal 
intrauterine rod.

 Trocar Placement

Proper port placement is the next imperative step to a suc-
cessful robotic-assisted hysterectomy. First, the surgeon 
must decide how may robotic arms to use and whether to 
also place an assistant port. A two-arm system is more cost-
effective, but a three-arm system can provide static counter 
traction in difficult cases. With the placement of an assist 
port, the surgeon’s assistant can irrigate, suction, provide 
counter traction, take mesh or suture in and out of the field, 
and provide tactile feedback. Straightforward hysterecto-
mies can often be performed via two arms without need for 
an assistant port (Fig.  25.2a) as suture can be introduced 
through the vagina.

Typically, the camera port is placed first in the midline at 
the level of the umbilicus. This site may be adjusted 2–3 cm 
superiorly for large uterine size or just to the left of the mid-
line for thin patients to avoid clashing with the first and third 
robotic arms. Alternatively, for patients with prior midline 
vertical incisions or umbilical hernias, the left upper quad-
rant (Palmer’s point) may serve as a better initial entry point 
to avoid injury to the bowel. The camera port is 8 or 12 mm 
in diameter on the Si da Vinci robotic platform or 8 mm on 
the Xi da Vinci robotic platform. All robotic trocars are 8 mm 
in diameter.

The remaining trocar placement is determined after pneu-
moperitoneum is achieved, and an assessment of the patient’s 
anatomy has been performed. Ideally, robotic ports are 

Fig. 25.1 Positioning in low dorsal lithotomy
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placed at least 8–10 cm lateral to the camera port with the 
third arm lateral to arm one. This can either be placed in an 
arc around the umbilicus (Fig. 25.2b), in a “W” conforma-
tion (Fig.  25.2c) for the Si da Vinci robotic platform, or 
straight across or slight arc for the Xi da Vinci robotic plat-
form (Fig. 25.2d).

For right-handed surgeons, arm three should be placed on 
the right to provide traction-counter traction while operating 
with the right hand and vice versa for left-handed surgeons. 
The assistant port, if used, is then placed opposite the third 
robotic arm in the upper quadrant or the lateral-most 
location.
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Fig. 25.2 (a) Si configuration of two arms. 1, robotic arm 1; 2, robotic 
arm 2; A, accessory port placement. ((Alternatively can place on the 
patient’s left side if docking on the patient’s right) ©2018 Intuitive 
Surgical, Inc.). (b) Si configuration of three arms, semilunar. 1, robotic 
arm 1; 2, robotic arm 2; 3, robotic arm 3; A1/2, alternative accessory 
port placements. ((Alternatively, robotic arm 2 can place on the patient’s 

right side for a right-handed surgeon) ©2018 Intuitive Surgical, Inc.). 
(c) Si configuration of three arms, “W”. 1, robotic arm 1; 2, robotic arm 
2; 3, robotic arm 3; A, accessory port. ((Alternatively, robotic arm 2 and 
accessory port placement may be switched) ©2018 Intuitive Surgical, 
Inc.). (d) Xi configuration (trocars in horizontal line). (©2018 Intuitive 
Surgical, Inc.)
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 Docking

Once all trocars are placed, the next critical step in per-
forming a successful robotic-assisted hysterectomy is 
docking the robot. Typically for the Si da Vinci robotic plat-

form, there are three options for docking the robot: central 
docking, side docking, and parallel docking (Fig. 25.3a, b). 
Central docking is when the robot boom is positioned 
between the patient’s legs. This allows for best direct angle 
of instruments with regard to robotic arm attachments but 

a

b

Fig. 25.3 (a) Central docking. (©2018 Intuitive Surgical, Inc.). (b) Side docking. (©2018 Intuitive Surgical, Inc.)
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prohibits ease of access to the vagina for uterine manipula-
tion or tissue extraction. Side docking involves the robot 
being positioned at angle in line with the camera port and 
contralateral shoulder, on the patient’s right for right-
handed surgeons, vice versa for left-handed surgeon. This 
allows for adequate angulation of the robotic instruments 
and access to the vagina, but is often difficult and more 
time-consuming to direct the team for positioning. Lastly, 
parallel docking involves positioning the robot parallel to 
the bed (on the right for right-handed surgeons and vice 
versa for left-handed surgeons). For the Xi da Vinci robotic 
platform, docking position is less important as the instru-
ments rotate around an adjustable central boom and contain 
a targeting positioning system for optimization of robotic 
arm angles. The instrument arms should be positioned to 
achieve the greatest angle between instruments in order to 
prevent collision and maximize pitch and aft movements 
(Fig. 25.4).

 Instrumentation

Proper instrumentation is also important to perform robotic sur-
gery successfully. A bipolar grasper or PK dissector is placed in 
arm 2 in the contralateral non-dominant hand to grasp, coagulate, 
and seal vessels. A monopolar scissors, harmonic scalpel, or ves-
sel sealer is typically placed in arm 1 in the dominant hand to 
facilitate dissection. Prograsp forceps or a small retractor is typi-
cally placed in arm 3 to provide static counter traction to facili-
tate dissection. The Prograsp should not be used on the bowel 
whereas the small retractor may be used to hold bowel back.

 Procedural Details

The steps involved in a robotic-assisted hysterectomy are the 
same steps as in a conventional laparoscopic hysterectomy. 
First, the round ligament is incised and the anterior leaf of 

Fig. 25.4 Robotic arm 
angles. (©2018 Intuitive 
Surgical, Inc.)
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the broad ligament is transected down to the level of the cer-
vical isthmus, then dissected medially to create a bladder 
flap. Next, the posterior leaf of the broad ligament is incised 
and the ureter and internal iliac artery and vein are identified. 
The infundibulopelvic (IP) ligament is isolated by creating a 
window in the middle leaf of the broad ligament. This 
maneuver drops the ureter posterior and lateral from the area 
of dissection. If performing an oophorectomy, the IP liga-
ment is then desiccated and transected. If no oophorectomy 
is performed, then the utero-ovarian ligament is desiccated 
and transected. It is current recommendation to perform a 
salpingectomy at the time of hysterectomy regardless of 
oophorectomy to reduce the risk of ovarian cancer in the 
future. This is easily performed by coagulating and transect-
ing the mesosalpinx laterally to medially to the level of the 
uterine cornua. The fallopian tube can be left attached to the 
uterus or removed separately to prevent obscuration of the 
uterine artery. Next, the uterine artery is skeletonized using 
blunt and sharp dissection. This procedure is repeated simi-
larly on the contralateral side. The bladder flap is brought 
down further over the level of the cervicovaginal junction, 
and bilateral uterine arteries are desiccated and transected. 
The uterine arteries are then lateralized to the cervix, and 
colpotomy is carried out in a layered fashion. Bipolar energy 
use should be minimized during colpotomy to minimize char 
and decrease risk of vaginal cuff dehiscence.

A bag for tissue containment and extraction is then placed 
through the vagina, and the uterine specimen is placed within 
the bag for retrieval through the vagina. In cases where tissue 
extraction is difficult, the robot may be undocked to allow for 
increased space for retraction, better visualization, and 
changes in patient position. After the specimen is removed, 
the vaginal cuff is then repaired with interrupted or running 
suture. We recommend the use of an absorbable 0-barbed 
suture to close the cuff in a running fashion in two layers, 
with fixation of the cuff to the bilateral uterosacral ligaments 
for pelvic support. After this step, the pelvis is irrigated and 
a low-pressure check is performed by temporarily desufflat-
ing the abdomen and then reinflating to ensure hemostasis 
under physiologic pressures. The robot is then undocked. 
Cystoscopy is performed to evaluate for patency of the bilat-
eral ureters and bladder injury. We recommend making cys-
toscopy a routine part of any laparoscopic or robotic-assisted 
hysterectomy. Lastly, the surgeon may choose to apply an 
adhesion barrier or fibrin sealant, but routine use of these 
products is controversial.

 Special Surgical Considerations

Not all hysterectomies are straightforward, and the surgical 
approach described in the prior section may need to be modi-
fied based on anatomy encountered at the time of surgery. As 

approximately 1/3 of babies are delivered via cesarean sec-
tion, it is common to encounter scarring from a prior cesar-
ean section at the time of hysterectomy. This scarring is 
usually located anteriorly and can involve the bladder and 
the anterior abdominal wall. Other than prior surgery, endo-
metriosis, prior appendicitis, diverticulitis, and pelvic infec-
tion can also lead to significant scarring. Usually the best 
approach to hysterectomy in the face of significant scarring 
is to start from normal anatomy rather than initially tackling 
the scar directly. This technique allows one to identify 
 normal anatomy and avoid organ injury as tissue planes are 
often disrupted and malpositioned in the setting of signifi-
cant scar tissue. In the setting of anterior adhesions, as com-
monly found after a cesarean section, it may be easiest to 
start laterally or posteriorly. As the bladder is often involved 
in the adhesion, it is often helpful to backfill the bladder with 
fluid to demarcate its position. When performing adhesioly-
sis near the bowel or bladder, it is best to minimize the use of 
cautery as to avoid thermal injury. Saline may be used to 
perform hydrodissection with a laparoscopic suction irriga-
tor device. When anticipating significant scarring posterolat-
erally, it may be prudent to place lighted ureteral stents prior 
to starting the procedure.

One benefit of robotic-assisted laparoscopy over conven-
tional laparoscopy is the availability of wristed instruments. 
This proves useful when operating on large specimens such 
as a uterus with large fibroids. There are several techniques 
that may help when operating on a large uterus. As afore-
mentioned, trocar placement should be based on the patient’s 
anatomy, which includes the surgical pathology. If a uterus 
extends to the umbilicus, the trocars should be placed more 
superiorly to best triangulate and target the anatomy. The 
specimen may also be pulled down into the pelvis during the 
operation rather than being pushed out of the pelvis to allow 
greater distance between the camera, operating arms, and 
specimen. The greater the distance from the camera and 
instruments, the greater the availability for triangulation. 
Manipulation is key. Sometimes it is difficult to manipulate a 
large specimen from uterine manipulation alone. It may help 
to provide some manipulation from the assistant port with 
the use of a single- or double-tooth tenaculum. We suggest 
the use of a dilute vasopressin injection prior to the use of a 
tenaculum to reduce bleeding at the site of puncture. Lastly, 
a 30° camera may be of use rather than a 0° camera when 
attempting to visualize structures obscured by large fibroids, 
such as the uterine artery or bladder flap. With the Xi da 
Vinci robot, the camera can be placed through any of the 
robotic trocars and can be moved to see around structures.

In minimally invasive surgery, when the uterine specimen 
is too large to be removed intact through the vagina, it must 
be cut into smaller pieces to either fit through the vagina or 
through small incisions. This process is called morcellation. 
Morcellation has recently come under scrutiny regarding the 
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risk of disseminating occult malignancy, specifically leio-
myosarcoma, which is difficult to diagnose preoperatively, to 
other parts of the abdomen and pelvis. The FDA issued a 
warning against the use of power morcellation in laparo-
scopic surgery in 2014 [11]. Since then, many surgeons have 
reverted to open incision, or “abdominal hysterectomy,” for 
large uterine specimens. This however does not need to be 
the case. During laparoscopy, large specimens can be placed 
within a containment system, as described above, and manu-
ally extracted within that system to avoid spillage of tissue. 
This is done by either cutting the specimen up into small 
pieces with a scalpel or coring the specimen out into one 
long continuous piece, within a containment system such as 
a bag.

During prolonged tissue extraction (>5 min), we recom-
mend undocking the robot, taking the patient out of steep 
Trendelenburg position, and desufflating the abdomen to 
minimize intracranial and intrathoracic pressure. The uterine 
specimen may be removed through the vagina or through a 
minilaparotomy incision either suprapubically or through the 
umbilicus. Typically, a C-shaped incision or bivalve tech-
nique is used, and the uterine specimen is allowed to rotate to 
provide fresh edges to grasp as extraction is carried out. The 
contained extraction system bag is adjusted and pulled tauter 
as more specimen is removed. The scalpel blade should be 
changed often as calcified fibroids can dull an edge quickly. 
Care should be taken to avoid lacerating the bag or any struc-
tures that may be adjacent to the bag, such as bowel or 
vagina. Lastly, a circumferential retraction device, such as 
Applied Medical’s Alexis retractor, may be used outside of 
the bag to retract and protect the tissue at the opening. This 
may be performed either vaginally or through a minilapa-
rotomy incision.

The use of routine bowel prep prior to hysterectomy is 
controversial. We find it is most helpful to decompress and 
move the bowel when performing a sacrocolpopexy or lysing 
adhesions involving the bowel.

 Single Site

More recently single-site robotic-assisted hysterectomy has 
become popular. In general, each step of the single-port pro-
cedure has been found to be equivalent in time to a multiport 
approach to robotic-assisted hysterectomy, except for vagi-
nal cuff closure [12]. The advantages of single-site robotic 
hysterectomy include improved aesthetics for the patient, 
allowance for surgeon independence while minimizing the 
need for a bedside assistant, and automatic reassignment of 
the robotic arm controls as compared to single-site conven-
tional laparoscopy. Disadvantages include non-wristed 
instruments, decreased degrees of freedom and triangulation, 
longer suturing time, restricted assistant port use, and limited 

scope of pathology (surgeons tend to feel more comfortable 
with less complex and smaller pathology).

While there are a variety of single-site ports available that 
are compatible with the robotic arms, Intuitive® has a single 
port that is meant to be used with their single-site instru-
ments. To place the trocar, you first make a 2–3 cm incision 
either vertically through the base of the umbilicus or in a “C” 
or “Ω” around the umbilicus. We recommend tagging the 
apices of the fascia with 0-vicryl or PDS suture to use for 
closure at the end. A circumferential retractor, such as 
Applied Medical’s Alexis O retractor, may be used to reduce 
distance from the skin to fascia in those patients with a larger 
amount of subcutaneous tissue and may ease placement. We 
then moisten and fold the port to allow ease of entry into the 
small incision (Fig.  25.5). Once secured, the abdomen is 
insufflated. Since the arms cross in single-port surgery, the 
instrument for operating from the right side needs to come 
down the left trocar and vice versa for the left (Fig. 25.6).

Next, we list several tips and tricks to help overcome 
some of the barriers described of single-port robotic-assisted 
hysterectomy. First, we recommend using an angled 30° 
scope to avoid collision with the other instrument arms. 
Second, triangulation is improved somewhat by aiming the 
camera slightly to the side of the targeted anatomy and not 
directly at the target. Third, good uterine manipulation is key 
to provide optimal angles for the surgeon. Fourth, each arm 
should be working opposite of each other, providing trac-

Fig. 25.5 Configuration single site. (©2018 Intuitive Surgical, Inc.)
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tion-counter traction. Fifth, a straighter cutting needle should 
be used with barbed suture for the vaginal cuff. Lastly, this 
needle may be placed in a cut nasal bulb syringe on a ring 
forceps through the vagina after the uterine specimen is 
removed (Fig. 25.7). Once the needle is retrieved, this con-
traption doubles as a pneumo-occluder.

 Summary

In summary, there are several steps to a successful robotic-
assisted hysterectomy. The first step is proper patient and 
equipment positioning. The next step is correct trocar place-
ment. The third step is appropriate docking of the robot. 
Lastly, the surgeon must be prepared to adapt and alter their 
technique for larger and/or complicated anatomy. Single-
port approach to robotic-assisted hysterectomy is also a fea-
sible option for robotic-assisted hysterectomy for properly 
selected patients.
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Robotic Myomectomy

Antonio R. Gargiulo

 Myomectomy: Moving Forward

Myomectomy is one of the most common gynecologic opera-
tions in women of reproductive age: what once was a highly 
morbid, controversial, and even heroic alternative to hysterec-
tomy has now become a very safe surgery [1]. This operation 
arguably represents the quintessence of reproductive surgery, 
as it allows fertility preservation in the face of neoplastic 
pathology striking at the very core of a woman’s reproductive 
tract. In all of its forms, be them invasive or minimally inva-
sive (hysteroscopy aside), myomectomy is a microsurgical 
operation: myometrial, endometrial and tubal preservation, 
hemostasis, precise tissue apposition, reconstruction in layers, 
and absence of exposed suture are all essential to its success. 
There is one fundamental point that must be acknowledged by 
surgeons on both sides of the robotic controversy: there is only 
one myomectomy, regardless of access modality. We are held 
to identical operative standards whether or not we open the 
abdominal wall to perform this operation. Our patients do not 
expect to undergo a “simplified” uterine surgery when they 
agree to minimally invasive surgery. Regrettably, not all mini-
mally invasive myomectomies are completed according to 
microsurgical principles, because accurate laparoscopic intra-
corporeal suturing of an actively bleeding uterus is out of the 
reach of most gynecologic surgeons [2].

It is now well established that minimally invasive myo-
mectomy is clinically superior to open myomectomy [3–8]: 
this is an irrefutable modern medical reality, for which paral-
lels can be drawn with many common abdominal surgeries, 
such as hysterectomy, appendectomy, and cholecystectomy. 

In spite of this, our main qualm is not with those surgeons 
who continue to offer open myomectomy as their primary 
operative modality. Open surgery remains an honest profes-
sional choice, based on personal surgical aptitude and in 
respect of the current standards of care. Also, when an open 
myomectomy is prospected nowadays, savvy patients should 
seek a second opinion (and eventually chose minimally inva-
sive myomectomy), while less savvy ones may face the 
reproductive consequences of an outdated operation, in a 
somewhat Darwinian model. Instead, we unequivocally criti-
cize those surgeons who perform a simplified version of 
myomectomy in order to perform it laparoscopically. These 
colleagues stand to gain an unfair market advantage over 
their peers, because even well informed patients are not able 
to appreciate the technical inferiority of their technique. For 
example, single-layer closure of uterine incisions is not at all 
described for classic open myomectomy, yet it represents the 
prevailing type of repair in laparoscopic myomectomy, as 
highlighted by a recent study (in contrast to a two- and three-
layer closure prevalence in robotic myomectomy) [9]. One 
can easily argue that the “need-for-speed” implicit in the 
repair of a bleeding myometrium may induce surgeons with 
limited laparoscopic suturing skills to opt for a mass closure 
of the myometrium. This is the negation of microsurgery: it 
results in uterine wall hematoma formation and healing by 
secondary intention, and is associated with an increased 
chance of postoperative adhesions because of wound protru-
sion [10]. In our opinion, one of the most significant contri-
butions of robotics to minimally invasive myomectomy is the 
ability to provide a consistently high quality of suturing. One 
of the striking findings of the first large multicenter study on 
reproductive outcomes following robotic myomectomy was 
the unusually low rate of adhesions (11%) found at the time 
of subsequent cesarean section [11].

Of course, there are several exceptional laparoscopists 
who will perform a microsurgical laparoscopic myomec-
tomy just as well, or maybe better, than what many can per-
form with robotic assistance. We have seen these true 
champions emerge in all fields of minimally invasive surgery 
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and have been mesmerized by their surgical feats on videos 
and at conferences. Their techniques are objectively hard to 
emulate and – after three decades of unsuccessful attempts to 
adequately standardize advanced laparoscopy  – have now 
also become largely unnecessary. That is because robotic 
surgical platforms offer a more consistent and widespread 
access to reliable minimally invasive surgery, unencumbered 
by the anti-ergonomic challenges of conventional laparos-
copy. Health systems no longer seek a few uber-surgeons but 
rather the standardization of safe minimally invasive surgery 
through enabling digital technology and intensive virtual 
reality simulation programs. In order to survive as surgery 
centers, hospitals need to be able to offer a consistently high 
rate of outpatient surgery, with a consistently low rate of 
complications and readmissions. Robotic surgery can answer 
this need. Before the results of ongoing studies will lend final 
support to our hypothesis that the widespread use of robotic 
platforms will change many of the current surgical para-
digms, we would like to share our specific experience as it 
relates to myomectomy. Based on recent publications, we 
can say that an acceptable risk of conversion to open surgery 
in advanced benign gynecologic laparoscopy is somewhere 
around 5% (this is based on hysterectomy, which is arguably 
less complex than myomectomy). In contrast, our team has 
experienced a single conversion to open surgery in our first 
one thousand robotic myomectomies [12, 13]. Moreover, an 
internal cost analysis comparing readmission rates for hun-
dreds of robotic and laparoscopic myomectomies at our 
institution in 2014 calculated values of 0% and 9%, respec-
tively (personal communication: Brigham and Women’s 
Hospital Robotic Safety and Steering Committee). Lack of 
unplanned surgical admissions and readmissions is the type 
of consistency that successful health systems are striving 
toward: a standard that humans are unlikely to accomplish 
without help from a robot.

Standardization of surgery though robotics is a very real 
paradigm shift in health care: it may seem futuristic, but it is 
already happening. Ultimately, when facing surgery, a patient 
should be able to choose her hospital based on transparent 
statistics, much like we do for other high-stakes decisions in 
our daily lives. For example, when boarding a commercial 
aircraft, we hardly care to inquire about the credentials of our 
captain and first officer. Rather, we trust the airline itself, 
with its strict credentialing system, and we take this level of 
safety for granted. This is clearly not yet the case for surgery 
and particularly for elective surgery. Many patients will 
travel long distances in search of the surgeon who will per-
form the best surgery. The diffusion of robotic surgery will 
make these long-distance treatment endeavors less and less 
common. The biggest value of robotic surgery, even now, 
before automation or artificial intelligence is applied to this 
field, is that of making a reliably good standard of minimally 
invasive surgery available to most patients at their own 

regional hospital. We have already witnessed what can be 
achieved in medicine when standardization, computer assis-
tance, and digital simulation converge: the dramatic decline 
in anesthesia-related morbidity and mortality of the past two 
decades should serve as an inspiration for all of us on the 
“other side” of the operating table.

Following pioneering work by Arnold Advincula and his 
team, published in 2004, the safety and efficacy of robotic 
myomectomy have been well established: its perioperative 
outcomes are similar to those of laparoscopic myomectomy, 
and its long-term reproductive outcomes are excellent [14–
18]. Similar to what has been observed for conventional 
laparoscopic myomectomy, case-matched comparisons 
between patients undergoing open and robotic myomectomy 
have shown lower blood loss, fewer complications, and 
shorter hospital stay for this new minimally invasive proce-
dure [19, 20].

 Standardization of Robotic Myomectomy 
Across Multiple Robotic Platforms

The merits, safety record, and bright future of robotic myo-
mectomy are well established. This second, more clinical, 
section of our chapter is based on the understanding that 
robotic platforms will continue to evolve at an accelerated 
pace but that – barring a revolution in tissue biotechnology – 
the myomectomy operation itself will remain unchanged. 
Therefore, optimal application of a few constant surgical 
principles to current and future robotic technology will be 
the basis of a successful practice. In a short Baconian induc-
tive exercise, we shall endeavor to dissect the myomectomy 
operation into basic steps and assess how robotic platforms 
may impact each of these steps. This way, our didactic effort 
may continue to be relevant as surgical robots evolve.

Giving the indication for surgery is the first surgical act. 
The decision of whether to proceed with a myomectomy is 
often a complex one, beyond the scope of this volume. We 
have long argued that, aside from scenarios where fibroids 
impair the quality of life, only a trained fertility expert should 
establish the indication for myomectomy [21–24]. Access to 
a surgical robot never changes the indications for myomec-
tomy. However, there is no question that, in a field where 
indications can be controversial and the surgery is often 
“elective,” having reliable and consistent access to a mini-
mally invasive option can ease patients’ decision toward 
intervention. This may result in long-term advantages to 
patients, because it contributes to avoid delayed intervention 
on a pathology that generally continues to grow and can 
result in more invasive and less conservative operations.

The quality of imaging technique determines the ability to 
provide a confident indication for myomectomy. For this step 
also, the availability of robotic surgery does not make things 
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easier. Au contraire, minimally invasive myomectomy 
removes the ability to palpate the uterus to locate fibroids. 
This lack of haptic feedback is partial for conventional lapa-
roscopy and complete for robotic surgery. This will change 
in future robotic platforms [25]. However, haptic feedback 
obtained through the tip of a laparoscopic instrument is not 
comparable to that obtained by palpation of the uterus 
between the fingers of one hand. Because of this, all forms of 
minimally invasive laparoscopy will always require high-
quality preoperative imaging. Magnetic resonance imaging’s 
(MRI) ability to locate smaller fibroids is superior to ultra-
sound, and so is its accuracy in ruling out adenomyosis [26, 
27]. A good quality three-dimensional ultrasound (ideally 
performed by the surgeon) can gather adequate preoperative 
anatomical information for small tumor loads. However, 
approaching a large myomectomy without the advantage of 
MRI mapping is likely to result in a high residual fibroid 
burden in minimally invasive myomectomy, compared to the 
abdominal approach. The above notwithstanding, there is no 
published evidence to date of an increased risk of reopera-
tion after minimally invasive myomectomy compared to 
abdominal myomectomy [28]. Moreover, there is evidence 
to suggest that even the palpation allowed by open myomec-
tomy cannot compete with imaging techniques in terms of 
the ability to detect residual myomas [29, 30]. This suggests 
that the role of haptic feedback in myomectomy is overrated. 
Definitive technological improvement for myomectomy in 
future generations of surgical platforms may reside in real-
time image fusion, rather than in haptic feedback. We con-
sider MRI to be an essential preoperative imaging requirement 
for robotic myomectomy, in all but the smallest cases. MRI 
is an operator-independent technique: skillful reading of a 
standard pelvic MRI is a professional imperative for 
advanced minimally invasive gynecologists. It has been our 
experience that surgeons can always predict which myomec-
tomies can be completed robotically through a combination 
of pelvic examination and careful study of high-quality 
imaging. Big surgical surprises should basically no longer 
happen.

If the anatomical challenges ahead are deemed commen-
surate to the skills of the surgical team, planning may begin 
for a successful minimally invasive myomectomy. Here, the 
advantages provided by the robotic approach become more 
evident. Myomectomy involves three main steps: hysterot-
omy, enucleation, and reconstruction in layers. Blood loss 
begins with hysterotomy and ends with the completion of 
uterine reconstruction. Two factors have to be optimized to 
limit blood loss: speed of execution and pharmacological 
preparation of the uterus. This is a fundamental microsurgi-
cal concept in myomectomy: hemostasis is not achieved by 
cauterization of the myometrium (an irreplaceable reproduc-
tive tissue) but by enucleating and suturing with speed and 
precision.

Speed of execution is aided by robotic assistance at many 
levels. The ability to suture from absolutely any angle around 
the uterus means that hysterotomy for enucleation can be 
placed in the location and with the slant that will assure best 
access through least myometrial depth. For example, a large 
posterior FIGO 5 myoma for which MRI shows that the thin-
nest free margin is deep in the posterior lower segment is 
best enucleated through an oblique low posterior incision. 
This type of incision is notoriously the hardest to repair with 
conventional laparoscopy: this could result in a poor choice 
of incision location, in order to facilitate repair.

Hysterotomy is commonly carried out with monopolar 
cautery instruments on the current robotic platforms. 
Monopolar curved scissors, permanent cautery hook, and 
spatula are all employed for this goal. While these tools are 
practical and familiar to all surgeons, they are not ideal in 
terms of their tissue sparing characteristics. To date, all 
reported uterine ruptures following laparoscopic and robotic 
myomectomy have occurred following monopolar or bipolar 
electrocautery use [11, 31]. At a very minimum, these tools 
should never be used in coagulation mode but exclusively in 
cutting mode. Ideal instruments for hysterotomy, with more 
contained lateral thermal spread, include the ultrasonic scal-
pel and the CO2 laser. Both of these energy forms are not 
adequately optimized for use with current surgical platforms 
and require significant technical adjustments that limit their 
acceptance and popularity [32–34]. Future optimization of 
ultrasonic energy and CO2 laser energy for their inclusion in 
the standard robotic armamentarium will represent a signifi-
cant technological improvement for robot-assisted reproduc-
tive surgery.

The key to successful enucleation is the prompt recogni-
tion of entry into the elusive space between the edge of the 
actual myoma and the fibrous pseudocapsule that separates it 
from the normal surrounding myometrium. The pseudocap-
sule must remain in situ for proper myometrial healing: 
hence, the anatomically correct myomectomy is always 
intracapsular. Robotic myomectomy allows high-definition 
three-dimensional magnification of the fibroid pseudocap-
sule. The correct enucleation technique bears similarities to 
the nerve-sparing robotic radical prostatectomy technique, 
as it allows gentle uterine leiomyoma detachment from the 
pseudocapsule neurovascular bundle, with reduction in 
blood loss and myometrial trauma [35] (Fig. 26.1). When the 
correct cleavage plane has been entered and an adequate 
width of the hysterotomy is established, the myoma is 
grasped with a robotic tenaculum and placed under traction. 
The vector of this traction is determined by the location of 
the myoma, not of the tenaculum (another advantage of 
robotic technology, where the tenaculum has a 90° wristing 
ability). The surrounding myometrium is then carefully 
detached from the myoma, mostly with blunt dissection: this 
is accomplished with a motion that pushes the uterus away 
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from the immobilized myoma, and not vice versa. Bipolar 
coagulation can be applied sparingly to particularly vascular 
areas, making sure that they are well away from the endome-
trium and tubes. Chromopertubation with methylene blue or 
indigo carmine (depending on availability) is performed in 
most of our myomectomies to identify any breach into the 
uterine cavity in a timely fashion. Maintaining the area 
hemostatic by destroying the myometrium and the pseudo-
capsule with cautery should be absolutely avoided, because 
it has the potential to permanently compromise reproductive 
function. Hemostasis in robotic myomectomy is based on 
suturing.

The mechanics of suturing with a fully wristed instrument 
are very different from those employed in conventional lapa-
roscopy and have to be acquired and perfected on a virtual 
reality simulator, with its objective scoring software. 
Nondominant hand suturing and backhand suturing should 
also be mastered on a simulator, as they are often essential in 
complex myomectomy scenarios. Barbed sutures on CT-1- 
and CT-2-type needles are employed for myomectomy: sub-
stantial needle drivers (such as the Mega Needle Driver for 
the da Vinci Surgical System) are usually best suited to drive 
these particular needles. We recommend using two robotic 
needle drivers for myomectomy, rather than using nondedi-
cated instruments such as graspers, in order to limit costs. 
That is because time wasted equals wasted blood in myo-
mectomy. Efficient suturing mandates that the uterus is ade-
quately positioned and that it remains steady, so that the 
force applied to the needle will not be dispersed in moving 
the uterus. Effective uterine manipulation by an expert bed-
side assistant is ideal. However, in the case of a large uterus, 
manipulators offer limited support. We use the robotic tenac-

ulum for enucleation and for uterine positioning and immo-
bilization during suturing. Running sutures are adequate to 
close the deep layers, whereas the most superficial layer has 
to be either subserosal or imbricating “baseball” stitch, so 
that no barbs are left exposed. If an endometrial breach is 
noted, the myometrium just above the breach is carefully 
reapproximated, to limit the chance for intrauterine syn-
echiae (Fig. 26.2).

Adequate visualization under rapidly changing anatomi-
cal circumstances (morphological changes occurring with 
tumor enucleation) and rapid and safe suture exchanges in 
and out of the patient are two key aspects of minimally inva-
sive myomectomy. In terms of adequate visualization, inde-
pendent camera control and three-dimensional vision, a 
basic feature of all robotic platforms, are an obvious advan-
tage. However, the basic measure to optimize visualization 
in minimally invasive myomectomy consists in placing the 
camera port cephalad to the uterine fundus (please note that 
even if new generations of robots allow the camera to be 
used in all robotic arms, a “camera port” is still clearly iden-
tifiable at the beginning of the case). This is quite different 
from hysterectomy, where the camera port can be placed 
caudal to the uterine fundus regardless of uterine size because 
the surgical targets remain close to the pelvic brim and to the 
cervix. The target in myomectomy usually changes with 
myoma size. Consequently, we make sure that the camera 
port is about 10 cm above the level of a palpable fundus. In 
the case of very large uterine pathology, the trocar may trans-
fix the falciform ligament of the liver [36]. We carefully sur-
vey this entry point after trocar removal at the end of the 
case, and no complications from laceration of this ligament 
have been encountered by us nor have they been reported in 
the literature. Maybe more important is to maintain a very 
clear communication with the anesthesiologist regarding the 
need for full decompression of the stomach since induction. 

Fig. 26.1 Correct myoma enucleation technique. Similar to the nerve-
sparing robotic radical prostatectomy technique, it allows gentle 
detachment from the pseudocapsule neurovascular bundle, with reduc-
tion in blood loss and myometrial trauma. Robotic tenaculum is used to 
steady the tumor, and a blunt instrument (the tip of a flexible CO2 laser 
guide, in this particular case) is used to push the myometrium away 
from the immobilized myoma. Notice the lack of thermal damage on 
the myometrium: hemostasis is assured by mechanical and chemical 
means in robotic myomectomy

Fig. 26.2 The outermost layer of closure in myomectomy uses barbed 
suture in either subserosal or imbricating “baseball” stitch fashion, so 
that no barbs are left exposed. This figure shows a classic example of 
the “baseball” stitch. This is our default superficial myometrial closure 
because we do not burn the myometrium; hence, we need better 
mechanical compression of the edges for hemostasis
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Once the camera port has been set at the appropriate height 
on the abdomen, large myomas can be adequately visualized 
throughout their enucleation and tackled successfully. 
Indeed, the fastest way to effectively “shrink” a large fibroid, 
and make it more manageable by laparoscopy, is to move the 
camera port up a few centimeters. Robotic instrument ports 
for myomectomy can be two or three: our default number is 
three, but we do use two ports for our more straightforward 
cases. These ports are also placed in the upper abdomen: at 
the same height of the umbilicus (or higher) and at 8 cm dis-
tance minimum from each other.

Rapid and safe suture exchanges in and out of the patient 
are accomplished by placing the assistant port in a lower 
quadrant location just medial to the anterior-superior iliac 
spine (ASIS), on the side where the assistant will stand 
(which is generally the side opposite to the location of the 
robotic cart, where only one of the robotic instrument ports 
is present). Let me enumerate the many reasons for this 
unusually caudal assistant port location (most gynecologic 
operations place an assistant port in the upper abdomen). 
First, myomectomy is suture-intensive, and many needles 
must travel in and out of the abdomen in full view: losing a 
needle because the assistant port is situated out of the reach 
of the laparoscope is not an excusable mistake. Second, the 
right lower quadrant port can be effectively used as a point of 
extraction for the specimen (see below) and remains mostly 
hidden from view, adding some cosmetic value to this opera-
tion. Third, a bedside assistant working through a low quad-
rant port can remain in a safer location (away from the 
swinging of the robotic arms) and can reach the uterine 
manipulator at the same time. This provides an ergonomic 
advantage and decreases the occupational hazards of this 
operation. Fourth, any conventional laparoscopic actions 
needed before or after the docking of the robot are performed 
easier if at least two access ports are found in a sagittal plane, 
as they always are in this configuration. Hence, there is no 
question in our mind that the only rational location for the 
assistant port in robotic myomectomy is in one of the lower 
quadrants (Fig. 26.3).

Pharmacological preparation of the uterus includes long-
term and short-term interventions: all of them are extremely 
important. A myomectomy in a patient who has been poorly 
prepared pharmacologically is an unnecessarily risky opera-
tion that should only be done in an emergency situation. 
Long-term pharmacologic interventions include iron ther-
apy (by oral or by intravenous infusion) to correct preopera-
tive anemia, timely suspension of medications known to 
negatively affect coagulation (such as nonsteroidal anti-
inflammatory agents, other platelet inhibitors, and antico-
agulants), and hormonal treatments to shrink fibroids and 
their aberrant vascularity (GnRH-agonists and possibly 
selective progesterone-receptor modulators) [37]. Most 
importantly, patients must be reminded that the safety of 

many herbal products and other dietary supplements on 
blood parameters has not been established. Therefore, the 
use of these preparations should be discontinued long before 
undergoing any surgical procedure [38]. Short-term phar-
macologic interventions utilize compounds that act on the 
uterus in different ways and may be used as single agent or 
in combination. The hormone vasopressin causes rapid 
onset and persistent vasoconstriction. We infiltrate 5 IU of 
vasopressin in the myometrium (no untoward events have 
ever been reported with doses under 5  IU) a few minutes 
before hysterotomy and repeat the injection every 30–60 min 
as needed (plasma half-life of 10–20 min). The degree of 
dilution has no effect on the efficacy of vasopressin [39]. 
The synthetic prostaglandin misoprostol induces uterine 
contractions as well as causing vascular constriction. 
Preoperative administration of misoprostol (vaginal or rec-
tal) has been shown to decrease intraoperative bleeding in 
abdominal myomectomy. We administer a 400 mcg rectal 
dose of misoprostol following induction of anesthesia. A 
double dose (400 mcg 3 h before and 1 h before surgery) has 
been shown to be more effective but can cause diarrhea and 
cramping [40, 41]. The antifibrinolytic tranexamic acid has 
an emerging and very promising role in decreasing intraop-
erative blood loss in uterine surgery [42]. Its proven safety, 
even at high dose (>25–50  mg/kg) in orthopedic surgery 
patients with prior history of deep venous thrombosis, 
should dispel every safety concerns regarding its use in 
myomectomy [43]. Combined use of misoprostol and vaso-
pressin is the current protocol for all our robotic myomecto-
mies. Intravenous tranexamic acid, as a single dose of 
1000 mg at the beginning of surgery, is used in those cases 
where preoperative hematocrit is suboptimal, the tumor load 
is particularly large, or a tendency to abnormal coagulation 
is suspected or observed.

Fig. 26.3 This is the schematic representation of our preferred laparo-
scopic port placement for a large robotic myomectomy. Please note the 
location of the robotic ports in the upper abdomen and the bedside 
assistant port in the lower quadrant
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Once closure of hysterotomy is completed and hemostasis 
is confirmed with low-pressure test, the robotic myomec-
tomy is complete. However, the specimen still needs to come 
out of the patient. This step of the operation is not robot-
assisted. It currently employs conventional laparoscopic or 
classic surgical skills, depending on whether your hospitals 
legal team has ruled in favor or against the use of electrome-
chanical laparoscopic morcellators. Every surgeon should be 
familiar with the US Food and Drug Administration (FDA) 
position statements of 2014 and 2017 regarding the use of 
electromechanical morcellators for uterine tissue extraction 
and with the infamous “black box warning” that this agency 
has placed on the morcellator. Briefly, following several 
reports of morcellated uterine malignancy, which can upstage 
the disease and shorten the disease-free interval of patients, 
the FDA has explicitly discouraged the use of this technol-
ogy in postmenopausal women and has recommended pru-
dent use in premenopausal women [44, 45]. De facto, the 
“black box warning” has resulted in the disappearance of 
morcellators from most hospitals’ surgical armamentarium, 
rather than in a more discriminate use. The FDA position has 
heavily influenced the medical-legal climate in the USA and 
in many other nations and has led to the development of 
many techniques for extraction of the uterine tissue in a con-
tainment system [46, 47].

Avoiding the use of the morcellator in the case of myo-
mectomy has no biological rationale, because tumor frag-
ments and innumerable free cells escape the uterus during 
the enucleation (rather than extraction) of the presumed 
myoma. Contrary to hysterectomy, myomectomy does not 
give any possibility to removal of the tumor en bloc. We can 
somewhat console ourselves with the knowledge that con-
tained uterine tissue extraction in myomectomy will mini-
mize the seeding of myoma fragments. This should limit the 

risk of two rare complications of morcellation: parasitic 
myomas and disseminated leiomyomatosis [48].

Tissue extraction is a step of the procedure that is not cur-
rently assisted by robotic technology (although it is, in our 
view, a field ripe with technical development opportunities). 
Not being able to effectively extract myomas at the end of a 
robotic myomectomy makes this procedure impossible to 
perform in a minimally invasive fashion, no matter how 
advanced the robotic technology at our disposal may be. 
Indeed, the FDA “black box warning” is responsible for an 
acute rebound of open gynecologic surgery and for the mor-
bidity and mortality that this has entailed [49]. But it needn’t 
be that way. Being the first health system in the world to deal 
with the lack of available electromechanical morcellation, 
our hospital has developed sophisticated extraction tech-
niques that keep robotic myomectomy a minimally invasive 
procedure [46, 50]. Our techniques employ large endoscopic 
specimen extraction bags that are inserted and extracted 
through a 2.5  cm open laparoscopy umbilical incision or 
through a 2.5 cm incision in either lower quadrant. Tissue 
extraction is accomplished using a #10 blade in a semicircu-
lar motion while applying direct traction of tissue with stan-
dard towel clips. The cosmetic effect of these incisions is 
exceptionally good (Fig.  26.4), and our robotic myomec-
tomy practice has thrived in the post-morcellation age thanks 
to our tissue extraction abilities at a time when many other 
minimally invasive surgeons are offering minilaparotomy for 
tissue extraction instead.

The choice of whether to employ adhesion prevention 
barriers after robotic myomectomy is a personal one: we feel 
that a review of the vast literature on this subject is not imme-
diately relevant to this chapter. We universally apply oxi-
dized regenerated cellulose to all of the uterine incisions and 
all deperitonealized areas following myomectomy.

a b

Fig. 26.4 Umbilical skin incision for contained uterine tissue extrac-
tion: during active extraction (a) and at completion of extraction (b). 
We insert and extract endoscopic specimen bags through a 2.5 cm open 
laparoscopy umbilical incision or a 2.5  cm incision in either lower 

quadrant, medial to the anterior-superior iliac spine. In our experience, 
minilaparotomy for tissue extraction is never needed in robotic myo-
mectomy, and its use should be abandoned
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 Special Scenarios in Robotic Myomectomy

Many reproductive surgeons have a love-hate relationship 
with myomectomy: it is a challenging operation because of 
the protean nature of the pathology at hand, but it has an 
undeniable technical appeal precisely due to the challenges it 
presents. Approaching myomectomy with the level of prepa-
ration outlined above, and with a good command of the 
robotic platform, can be easily compared to heading out on 
an off-road expedition armed with a GPS and an all-terrain 
vehicle. There should be no technical obstacle that cannot be 
circumvented or overcome. This section will discuss special 
scenarios, where specific maneuvers apply.

Robotic myomectomy for very large myomas (over 10 cm 
in diameter) poses unique challenges because the pathology 
will slowly emerge from the uterus to create an elongated 
“hourglass” structure, larger than the original surgical target. 
We should admit at the outset that robotic platforms are not 
currently optimized for large myomectomies. The available 
robotic tenaculum is a delicate instrument, not allowing sub-
stantial traction on tumors that often weigh 500 g or more. 
More importantly, the current cantilever-based robotic plat-
forms are two-quadrant operators, but a robotic myomec-
tomy where the uterine size reaches or surpasses the 
umbilicus is a four-quadrant operation. This said, there are 
steps one can take to keep this technology enabling even 
under these circumstances. High placement of the camera 
port has been discussed above. The bedside assistant can 
help on the other end by providing optimal exposure. This is 
achieved by lateralizing the uterus with the uterine manipu-
lator and the assistant tenaculum, so that it lies at a right or 
left angle in the abdomen, which can keep the operative tar-
get more caudal. Clearly, this myomectomy uses all four 
robotic arms, with no exceptions.

We sometimes execute our largest cases with a hybrid 
technique: conventional laparoscopic myoma enucleation 
with ultrasonic scalpel, followed by docking of the robot for 
microsurgical uterine reconstruction. Conventional laparos-
copy provides a more substantial tenaculum and unlimited 
four-quadrant action, while the robot provides better sutur-
ing ability for a pristine reconstruction in layers [32].

Robotic myomectomy for small myomas (<7  cm) is a 
common occurrence in reproductive surgery. In these cases, 
we strive to provide a robotic myomectomy with minimal 
cosmetic impact, building on the technical advantages pro-
vided by the robotic platform [33, 50, 51]. Hopefully, all 
reproductive surgeons are acutely aware of their patients’ 
cosmetic concerns [52–54] and strive to provide patient-cen-
tered, yet effective, surgical care. In this context, we have 
developed robotic single-site myomectomy, which remains a 
technique with limited applicability in terms of myoma size 

and number and involves the use of special equipment. The 
main steps of our technique can be summarized as follows. A 
primary port is placed in the umbilicus, and an anatomy sur-
vey is carried out to confirm that the surgery can be accom-
plished via single site. The primary port is extended to a size 
of 2.5 cm (similar to the classic open laparoscopy technique). 
A multi-lumen silicone port is set in the umbilical incision. A 
camera cannula is placed through the dedicated lumen of the 
silicone port; the robotic patient-side cart is docked. Two 
curved instrument cannulas are inserted under continuous 
laparoscopic guidance and connected to robotic arms. An 
assistant cannula is placed through the dedicated assistant 
cannula lumen of the silicone port. Semirigid 5 mm robotic 
instruments are loaded through the curved cannulas. We use 
a flexible CO2 laser for hysterotomy, but monopolar energy 
can also be used through a cautery hook. Wristed needle 
drivers are used for reconstruction in layers of the hysterot-
omy with barbed sutures (Fig.  26.5). Tissue extraction is 
accomplished with conventional single-incision laparoscopy 
technique. A self-retaining wound retractor is set in the 
umbilical incision, if not already set at the beginning of the 
case. A silicone gel top allows for pneumoperitoneum to be 
maintained. An endoscopic specimen bag is placed in the 
abdominal cavity through the gel. Myomas are loaded into 
endoscopic bag. The bag is retrieved through the Alexis 
retractor, and a contained sharp tissue extraction technique 
(described above) is employed. The merit of our technique in 
the age of contained uterine tissue extraction is that of spar-
ing the patient three extra laparoscopic entry points while 
assuring exceptionally favorable cosmetic outcome and an 
uncompromised myomectomy technique (Fig. 26.6). Not all 

Fig. 26.5 Single-site robotic myomectomy employing dedicated da 
Vinci Surgical System semirigid 5 mm wristed needle drivers. This is 
an advanced robotic procedure, only recommended for expert robotic 
surgery teams and well selected patients
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patients can fully accommodate a 2.5 cm incision within the 
umbilicus: this is a technique that should be proposed only to 
those who can. For those who cannot, an excellent cosmeti-
cally conscious multi-port alternative exists. A camera port is 
placed at the umbilicus, and two robotic instrument cannulas 
are placed just medial and slightly cephalad to the left and 
right ASIS. A 5 mm bedside assistant port can be placed in 
the suprapubic area (but can be omitted in most cases). 
Needles travel through the assistant or instrument ports and 
tissue extraction in an endoscopic bag can be accomplished 
through one of the lateral ports, after the incision is expanded 
to 2.5 cm.

Cervical and retroperitoneal myomas comprise about 
10% of cases in our practice [13]. Cervical myomas are 
always identified at MRI, but retroperitoneal myomata can 
escape detection. Our only conversion to open myomec-
tomy in over 1000 robotic myomectomies to date was a 
vascular large anterior cervical retroperitoneal myoma fill-
ing the paravesical space. We consider this the most chal-
lenging robotic myomectomy scenario. There is no 
substitute for great knowledge of retroperitoneal anatomy 
in this type of surgery. The robot allows us to concentrate 
on this more complex anatomy and on surgical strategy, 
instead of being distracted with how to move our hands to 
achieve the effect we desire. Retroperitoneal myomas are 
most often exophytic; hence, they do not require a large 
hysterotomy and repair. Rather, the challenge is to safely 
remove them from their location without avulsing a ureter, 
vein, or artery. All available hemostatic agents should be 
used at once in such cases (see above): for very large cervi-
cal myomas, we have occasionally requested transient 
uterine artery embolization by our interventional radiol-
ogy team before robotic myomectomy [55, 56] with excel-
lent results. Another strength of the robotic approach for 

this specific operation resides in its improved ability to 
provide a high-quality, steady image in the crevices where 
a safe plane can be developed between the tumor and its 
surroundings. We recommend having the bedside assistant 
ready on the suction irrigator the entire time and pushing 
the uterus out of the pelvic as much as possible, with a 
well-placed manipulator. The general strategy involves 
pulling the myoma away from the pelvic sidewall and 
eventually rotating the uterus as much as possible to 
expose the pedicle of the myoma. Surgeons who are par-
ticularly comfortable with retroperitoneal dissection will 
follow the ureter to the base of the retroperitoneal or cervi-
cal myoma and incise the medial leaflet of the broad liga-
ment, so the ureter can fall medial and posterior, away 
from the action. Locating the ureter will also make it easier 
to locate the proximal portion of the uterine artery, which 
can be safely clipped if necessary. The robotic platform 
renders these complex minimally invasive techniques more 
accessible.

 Conclusions: Robotic Myomectomy in Five 
Take-Home Points

 1. Minimally invasive myomectomy is one of most chal-
lenging gynecologic operations, with an extremely low 
adoption at over 25 years of its introduction as a conven-
tional laparoscopic operation. Because of the evidence 
pointing to the superiority of laparoscopic over open 
myomectomy, robotic myomectomy is the much needed 
breakthrough in this unsustainable scenario.

 2. Robotic myomectomy has a 15-year track record of 
safety and can be applied to most clinical scenarios, 
thereby limiting the need for open myomectomy to a 
minimum. Robotic myomectomy is the alternative to 
open myomectomy, but it is also the ethical alternative to 
all simplified non-microsurgical versions of laparoscopic 
myomectomy.

 3. Port number and location vary with myoma number and 
size: Skilled robotic surgeons must pick the best approach 
based on high-quality preoperative imaging.

 4. Robotic technology is not a substitute for anatomical 
expertise and pharmacologic management of intraopera-
tive blood loss. Tissue extraction techniques are also not 
robotic and need to be mastered by all surgeons offering 
robotic myomectomy.

 5. Specific future developments in robotic technology that 
may favorably affect robotic myomectomy would be 
image fusion, better integration of CO2 laser and ultra-
sonic scalpel into the robotic platform, autonomous sutur-
ing, and contained robotic morcellation.

Fig. 26.6 Single-site robotic myomectomy. Patient photographs 
immediately and 3  weeks after surgery. In well selected cases with 
myomas under 7  cm in diameter, this technique spares two or three 
additional abdominal incisions and leaves no appreciable scar
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Robotic Tubo-Ovarian Surgery

Erica Stockwell

 Introduction

Robotic-assisted gynecologic surgery has been implemented 
in all fields of gynecology, including reproductive endocri-
nology and infertility, urogynecology, and gynecologic 
oncology. The most common procedures performed are hys-
terectomy, myomectomy, sacrocolpopexy, and excision of 
endometriosis. According to the American College of 
Obstetrics and Gynecology Committee Opinion, robot-
assisted cases should be appropriately selected based on the 
available data and expert opinion [1]. American Association 
of Gynecologic Laparoscopists states in their Position 
Statement that robotic-assisted and conventional laparo-
scopic techniques for benign gynecologic surgery are com-
parable regarding perioperative outcomes, intraoperative 
complications, length of hospital stay, and rate of conversion 
to open surgery. However, published reports demonstrate 
that robotic-assisted laparoscopic surgery has similar or lon-
ger operating times and higher associated costs [2]. The use 
of the robot does not add much benefit over conventional 
laparoscopic surgery for most straightforward benign gyne-
cologic cases, but does provide benefit in complex cases. 
Endowristed movement of robotic instruments allows for 
better and more precise suturing compared to conventional 
laparoscopy. The robotic platform also offers superior visu-
alization and allows the surgeon to rely less on a bedside 
assistant.

Indications for use of the robotic platform in adnexal sur-
gery include endometriosis, moderate-to-severe adhesive 
disease, malignancy, and tubal reanastomosis. It does not 
provide a cost benefit to utilize the robot for straightforward 
bilateral salpingectomies, salpingo-oophorectomies, or ovar-
ian cystectomies, unless an adequate surgical assist is not 
available.

 Preprocedural Details

Patient positioning, trocar placement, and robotic docking 
follow the same guidelines as stated in the robotic-assisted 
hysterectomy chapter. Please reference this chapter for fur-
ther details. Regarding instrumentation, we recommend use 
of a bipolar and a monopolar instrument, such as a fenes-
trated bipolar grasper or a PK dissector in arm 2 and a mono-
polar scissors in arm 1. We also recommend routine use of a 
uterine manipulator.

 Endometriosis and Adhesive Disease

Endometriosis is a chronic and progressive gynecologic dis-
order that affects women of reproductive age. Chronic pain 
and infertility are the most debilitating problems associated 
with endometriosis. When medical therapies fail, patients 
may benefit from surgical treatment. The robot offers distinct 
advantages over conventional laparoscopy for use in the 
approach of endometriosis and moderate-to-severe adhesive 
disease (Figs. 27.1, 27.2, 27.3, and 27.4). Enhanced three-
dimensional visualization, 10× magnification, and EndoWrist 
instruments with seven degrees of freedom facilitate precise 
and careful dissection. In addition, Firefly Technology using 
indocyanine (ICG) green dye has been shown to improve 
detection of lesions that are difficult to visualize with the 
naked eye [3]. ICG turns endometriotic implants, associated 
with increased neovascularization, dark green and aids in 
complete resection of the targeted tissue [4]. The goal of sur-
gical treatment of endometriosis is to take down adhesions, 
release tethered tissues, remove endometriomas, and, when 
possible, completely resect any endometriotic nodules. 
Often, retroperitoneal dissection is necessary to remove 
deeply infiltrating endometriotic nodules. When full resec-
tion is not possible, such as in the case of numerous scattered 
implants studding peritoneal surfaces, endometriotic 
implants should be fulgurated. For this, we evoke the use of 
the argon beam coagulator.
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 Tubal Reanastomosis

Tubal ligation is a medical procedure that closes or cuts the 
fallopian tubes, blocking the female egg from reaching the 
uterus and consequently preventing pregnancy. Between 1% 
and 26% of women who undergo tubal ligation later experi-
ence regret [5]. Young women are much more likely to feel 
regret than older women. Although tubal sterilization proce-
dures are considered to be permanent, requests for reversal 
of the procedure are common. Most tubal ligation procedures 
can be reversed. If the fallopian tube is fulgurated exten-
sively, missing the fimbriated portion, or completely 
removed, tubal reanastomosis may not be possible, and the 
patient may be better served through in  vitro fertilization. 
However, if the method of tubal ligation used previously fol-
lowed tubal ligation and resection, or utilized a ring or clip, 
tubal reanastomosis may be attempted and often performed 
successfully (Fig. 27.5).

Sterilization reversal is the most successful surgical recon-
structive procedure for improving fertility. Often, the cost of 
a tubal reanastomosis surgery is similar to cost of in vitro fer-
tilization, and patients must be counseled thoroughly regard-
ing chances of success when deciding between performing 
one or another. Factors that influence the success rate of tubal 
reanastomosis include age of the patient, time from steriliza-
tion, sterilization technique, and remaining tubal length. 
Ideally, resulting tubal length should be 4 cm or more with 
less success demonstrated in those with shorter tubes [6].

The purpose of tubal reanastomosis is to reconnect the 
proximal cornual tubal segment to the distal fimbriated tubal 
segment. First, the blocked ends of each tubal segment are 
incised, exposing patent tubal lumen (Figs. 27.6 and 27.7). The 
newly opened tubal ends are drawn to each other by placing 

Fig. 27.1 Endometrioma

Fig. 27.2 Severe adhesions involving endometrioma, uterus, fallopian 
tube, and bowel

Fig. 27.3 Ruptured endometrioma and “chocolate” cystic fluid

Fig. 27.4 Removing endometrioma cyst wall (right instrument) from 
ovarian stroma (left instrument)
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sutures in the connective tissue of the mesosalpinx. This reten-
tion suture prevents the tubal segments from pulling apart 
while the tube heals. Microsurgical 6-0 sutures are used to pre-
cisely align the tubal lumens, the muscularis externa, and the 
serosa layer of the tube. This is done in a circumferential fash-
ion in 4-5 sutures. A narrow flexible stent may be used to gen-
tly thread through the tubal segments and into the uterine 
cavity to line the tubes up for reconnection (Fig. 27.8), but care 
must be taken to not damage the delicate cilia that line the 
tube. At the conclusion of the procedure, chromopertubation 
should be performed to ensure patency of each tube (Fig. 27.9).

 Summary

In summary, though robotic-assisted surgery has been shown to 
be beneficial in complex cases, such as with endometriosis, scar 
tissue, malignancy, or microsurgery, the additional operating 
costs do not lend to utilization for most laparoscopic benign 
adnexal surgery. This chapter discusses two cases in which uti-
lization of the robotic platform may be beneficial. In excision of 
endometriosis, the fine dissection, magnified three-dimensional 
view, and utilization of Firefly Technology aid in procedural 
success. In tubal reanastomosis, the delicate movements and 
magnified three-dimensional view enable microsurgery 
success.
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Fig. 27.5 Portion of fallopian tube removed from prior tubal ligation 
(between the two stars)

Fig. 27.6 Scar excised, exposing proximal tubal lumen (arrow)
Fig. 27.9 Completed tubal reanastomosis of right fallopian tube with 
patency demonstrated via chromopertubation

Fig. 27.7 Scar excised, exposing distal tubal lumen (arrow)

Fig. 27.8 Urologic wire (arrow) is used to gently thread through the 
tubal segments and into the uterine cavity to line the tubes up for 
reconnection
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Robotic Intracorporeal Ileal Conduit

Jayram Krishnan and Daniel Groves

 History of Urinary Diversion

Urinary diversion was pioneered by Sir John Simon in 1851, 
when he performed an ureteroproctostomy in an exstrophy 
patient. With continued advancements in the ureterointesti-
nal anastomosis occurring throughout the late nineteenth 
century, Zaayer is credited with performing the first ileal 
conduit in 1911 [1]. Bricker and Wallace later repopularized 
this method of urinary diversion with continued modifica-
tions of the ureterointestinal anastomosis. Bricker’s tech-
nique for the ureteroileal anastomosis involved separate 
anastomoses for each ureter to the serosa of the ileum during 
the 1950s [2]. Wallace popularized the technique of suturing 
each ureter’s medial wall to one another and then an end-end 
anastomosis to the proximal end of the ileal conduit [3]. As 
minimally invasive surgery has progressed from urinary 
diversion being performed as a hybrid procedure to a com-
plete intracorporeal procedure with the innovation of the 
robot, approximately 18% of surgeons were using the intra-
corporeal approach in 2014 [4].

 Preoperative Evaluation

Patients undergoing robotic ileal conduit must be candidates 
for laparoscopic surgery. Patients with chronic obstructive 
pulmonary disease, restrictive lung disease, morbid obesity, 
or decreased cardiac output are at increased risk for compli-
cations with pneumoperitoneum [5] and may not be candi-
dates for minimally invasive intracorporeal urinary diversion. 
Patients with inflammatory bowel disease, radiation to the 
ileum, and short gut syndrome may not be candidates for 
ileal conduit [6]. Continent urinary diversion is contraindi-

cated in patients with chronic renal failure, patients with 
hepatic dysfunction, patients without the mental capacity of 
physical dexterity to perform self-catheterization, or patients 
requiring a urethrectomy [7].

Mechanical bowel preparation has been shown to be 
unnecessary in ileal urinary diversion. Raynor et  al. retro-
spectively reviewed two separate cohorts undergoing radical 
cystectomy and ileal urinary diversion [8]. The first cohort 
was instructed to complete a clear liquid diet 24 h prior to 
surgery, 8 ounces of magnesium citrate, and an enema 2 h 
prior to the procedure, while the other cohort was instructed 
to eat a regular diet and undergo an enema 2 h prior to the 
procedure. Their results revealed no difference with return to 
bowel function, time to discharge, or overall complications, 
and no patients in either cohort experienced bowel anasto-
motic leak, fistula, abscess, peritonitis, or surgical site infec-
tion [8]. Shi Deng performed a systematic review and 
meta-analysis of the literature in 2013 including two ran-
domized controlled trials and five cohort studies and found 
no increase in complications comparing patients undergoing 
a mechanical bowel preparation versus those who did not 
[9]. Recently, many institutions are implementing an 
Enhanced Recovery After Surgery (ERAS) program prior to 
and after the surgical procedure. This program generally 
includes a preoperative nutrition evaluation, carbohydrate 
loading prior to surgery, and continuing a regular diet up 
until the time of surgery. This program is expected to enhance 
recovery after surgery and shorten the hospital length of stay.

 Choice of Urinary Diversion

Patients must be given their options regarding the type of 
urinary diversion that will be performed. Urologists choose 
urinary diversions based on the patient’s health and medical 
status as well patient preference. There is a psychologic 
adjustment that a patient must undergo prior to urinary diver-
sion surgery. An ileal conduit will result in an ostomy to be 
placed on the abdomen. This is in contrast to the common 
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alternative, known as the orthotopic neobladder. Based on 
quality-of-life measures, there is no long-term difference 
between these two types of urinary diversions [10]. It is a 
healthy practice to have patients meet with an enterostomal 
therapist, who will provide ostomy education as well as per-
form optimal stomal site marking.

 Operative Technique

Gill demonstrated the first completely intracorporeal laparo-
scopic ileal ureter in the literature in 2000 [11]. Menon and 
his colleagues described the first robotic radical cystectomy 
with ileal conduit urinary diversion in the literature [12]. In 
many cases, the urinary diversion is created in combination 
with removal of the bladder, so techniques reported in the 
literature will often describe both procedures. Hemal has 
provided an updated technique in more recent literature that 
reviews many aspects of this surgical procedure [13].

After induction of general anesthesia, the patient is posi-
tioned in either dorsal lithotomy or supine based on which 
robotic platform is used. We generally prefer the Intuitive Xi 
system, where the patient is placed in the supine position. 
All pressure points and areas of compression are adequately 
padded to prevent nerve injuries and compartment 
syndromes.

Patient’s arms are tucked to the sides and upper body is 
secured to the table to prevent movement while in steep 
Trendelenburg. Shoulder pads or adhesive tape can be used 
to secure the patient to the table. The Xi robotic system can 
be coupled with the Table Motion bed that communicated 
with the robotic console, so that the optimum position is 
selected by the surgeon and anesthesiologist.

Sterile field is created between the xiphoid process and 
the entire groin. In females, vagina is completed prepped as 
well as the penis in males. Port placement is described in 
Fig. 28.1. Ports are placed in a similar fashion to robotic pel-
vic surgery.

Camera port is placed at the midline, 4  cm above the 
umbilicus. The robotic stapler trocar is placed in the left 
abdomen, 5–6 cm away from the camera port, and similarly 
on the right, the robotic trocar is placed 5–6 cm away. This 
port can be adjusted in order to accommodate for the even-
tual stoma site if feasible. 12 mm assistant port is placed in 
the right abdomen. We prefer to use the AirSeal, valveless 
trocar system as our assistant port. The final robotic trocar is 
placed in the left upper abdomen, 5–6  cm away from the 
robotic stapler trocar.

Creation of the intracorporeal ileal conduit is performed 
similarly to an open surgical fashion [14]. Fifteen centime-
ters of ileum is isolated, approximately 15–20 cm away from 
the ileocecal valve. This prevents electrolyte issues that can 
present when involving the terminal ileum (Fig. 28.2).

We place a number of 2-0 vicryl stay sutures on the bowel 
to provide adequate manipulation while performing intracor-
poreal stapling. Guru and his colleagues describe the Marionette 
where a long suture is placed at the distal aspect of the isolated 
bowel segment and using that to manipulate the bowel segment 
[15]. Once the 15 cm ileal conduit is isolated, bowel continuity 
is restored by performing and end-to-side anastomosis. 
Mesentery can be divided using a Vessel Sealer or robotic sta-
pler. We generally use the Firefly, ICG identification system to 
identify adequate blood flow to the bowel segments. The mes-
enteric defect is closed using a 2-0 vicryl suture. Oversewing 
the bowel anastomosis with a Lembert suture is optional and 
based on surgeon preference. The ileal conduit is then opened, 
irrigated, and prepared for ureteroileal anastomosis. Ureteroileal 
anastomosis can be performed using either the Bricker [2] or 
the Wallace [3] techniques. Pruthi and his colleagues reported 
no differences in stricture rate and complications between the 
two techniques [16]. We perform a Bricker style anastomosis 
using 2 interlocked 3-0 V-Loc sutures in a running fashion. The 
goal is a watertight, tension-free anastomosis.

Intracorporeal ureteral stent placement is performed with 
the coordination of your bedside assistant. We secure our 
stents to the skin side of the conduit with a 3-0 chromic 
suture to prevent migration of the stents. Prior to undocking 
the robot, a laparoscopic grasper is placed in the distal aspect 

Fig. 28.1 Camera port is placed at the midline, 4 cm above the umbi-
licus. The robotic stapler trocar is placed in the left abdomen, 5–6 cm 
away from the camera port, and similarly on the right, the robotic trocar 
is placed 5–6 cm away. This port can be adjusted in order to accom-
modate for the eventual stoma site if feasible. 12 mm assistant port is 
placed in the right abdomen. We prefer to use the AirSeal, valveless 
trocar system as our assistant port. The final robotic trocar is placed in 
the left upper abdomen, 5–6 cm away from the robotic stapler trocar. 
(Reprinted with permission, Cleveland Clinic Center for Medical Art & 
Photography ©2018. All Rights Reserved)
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of the conduit and brought extracorporeally through the 
medial right-sided robotic port if feasible for ostomy cre-
ation (Fig. 28.3).

Finally, the stoma is matured in the standard fashion 
according to surgeon preference. Final diagram is shown 
below (Fig. 28.4).

 Postoperative Outcomes

Ahmed et al. reviewed outcomes of cystectomy performed 
with intracorporeal versus extracorporeal urinary diversion 
between 2003 and 2011 in 2014 [4]. A retrospective review 

of 935 patients who underwent cystectomy with urinary 
diversion was performed using the International Robotic 
Cystectomy Consortium’s (IRCC) multi-institutional, pro-
spectively maintained database. One hundred sixty-seven 
patients underwent intracorporeal urinary diversion, and 768 
patients underwent extracorporeal urinary diversion. Of the 
patients who underwent intracorporeal diversion, 106 
patients underwent ileal conduit formation, and 61 patients 
underwent neobladder creation. Ahmed et  al. found that 
operative time, estimated blood loss, and length of stay were 
similar between the groups [4]. The 30-day and 90-day read-
mission rate was significantly higher in the extracorporeal 
urinary diversion group [4]. The 90-day mortality rate was 

a b

c d

Fig. 28.2 Loop isolation and bowel anastomosis. (a): distal segment. (b): proximal segment. (c): Latero-lateral anastomosis using an Endo GIA. 
(d): Final aspect. (Reprinted with permission, Cleveland Clinic Center for Medical Art & Photography ©2018. All Rights Reserved)
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higher in the extracorporeal urinary diversion group [4]. 
Ahmed et al. found no difference in Clavien-Dindo grades 
III–V complications between the groups and a lower wound 
infection and gastrointestinal complication rate in the intra-
corporeal urinary diversion group [4]. Overall, Ahmed et al. 
concluded that intracorporeal urinary diversion is safe and 
offers improved outcomes.

Hussein et al. performed an updated review of the IRCC’s 
database of intracorporeal vs extracorporeal urinary diver-
sion after cystectomy [17]. Their review included 2125 
patients with 1094 who underwent intracorporeal urinary 
diversion. The results included a significantly shorter opera-
tive time (357 vs 400 min) and less blood loss with fewer 
blood transfusions [17]. Hussein et al. found a higher high-
grade complication rate in the intracorporeal urinary diver-
sion group of 13% vs 10% [17]. In their review Hussein et al. 
found that intracorporeal urinary diversion increased from 
9% in 2005 to 97% in 2015 [17]. The complication rate of 
intracorporeal urinary diversion decreased significantly with 
time [17].

 Conclusion
Robotic intracorporeal ileal conduit is a feasible, repro-
ducible technique that can be performed routinely by 
interested and experienced surgeons. Adherence to open 
surgical principles while translating to the robotic plat-
form will provide successful outcomes with decreased 
complications.
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Robotic Partial Nephrectomy

Kemal Ener and Abdullah Erdem Canda

 Introduction

Currently, most renal cell carcinomas are detected inciden-
tally as small renal masses because of the widespread use of 
radiological imaging [1]. Radical nephrectomy is still the 
gold standard treatment of renal tumors. When feasible, par-
tial nephrectomy (PN) is recommended as a gold standard 
treatment for patients with small renal tumors, since it might 
have less renal function impairment and equivalent oncologi-
cal survival compared to radical nephrectomy [2]. There is 
still no size threshold beyond which PN should not be per-
formed. Currently, if it is technically feasible, PN may be 
performed for tumors up to 7 cm in major dimensions [3].

Laparoscopic partial nephrectomy (LPN) and robotic par-
tial nephrectomy (RAPN) are the main mini-invasive alterna-
tives to open partial nephrectomy (OPN), aimed at reducing 
the added morbidity of an open incision and potential rib 
resection. Since the introduction of RAPN in 2004 [4], it has 
been proposed as an alternative to other surgical approaches 
as a minimally invasive treatment option. Robotic surgery 
provides the advantages of eliminating hand tremor, leads to 
three-dimensional and magnified view, and fulfills the 
requirements of laparoscopic surgery. The utilization of the 
robot in this field has facilitated the PN procedure, especially 
during the renal dissection, reconstruction, and intracorporeal 
suturing. Recently, RAPN has become the preferred surgical 
method with oncological safety for small renal masses [5].

In conventional PN procedures, clamping the renal artery 
cuts off the blood flow to the entire kidney with a possible 
ischemic damage to the kidney. It is expected that postopera-

tive renal function may worsen especially in patients with 
underlying chronic renal diseases. The inability of cooling the 
kidney during robotic and laparoscopic approaches is also a 
debated issue. Zero-ischemia PN technique avoids complete 
renal ischemia and may provide better postoperative renal 
function. The number of studies on the topic of zero-ischemia 
PN is increasing in the literature favoring the technique in 
terms of preserving the postoperative kidney function [6–11]. 
Especially in patients with underlying renal diseases, for 
whom functional kidney reserve is more essential, implemen-
tation of this method should be encouraged. Nonetheless, 
even if the patient has no renal disease, zero ischemia may be 
the first method of choice in patients with peripherally located 
exophytic masses, considering that every patient with renal 
tumors who is undergoing renal surgery can be a potential 
candidate for renal failure. We have previously published the 
results of zero-ischemia RAPN series of our institution and 
stated that it was a safe and feasible minimally invasive 
method with acceptable functional outcomes in peripherally 
located small and even in selected larger renal masses [12].

Hemostatic agents are widely used in PN procedures to 
achieve a better hemostasis. The use of hemostatic agents 
(e.g., fibrin sealant, oxidized regenerate cellulose) leads to 
immediate and durable hemostasis [13, 14]; therefore, they 
were adopted for use in PNs [14–17]. In a recent study by 
Morelli et  al., 31 patients underwent RAPN for 33 renal 
tumors [18]. Twenty-seven of 33 lesions (82%) did not 
require vascular clamping and therefore were treated in the 
absence of ischemia. The authors suggested systematic use 
of hemostatic agents in RAPN procedures which may be a 
safe and effective method to avoid ischemia in the treatment 
of selected renal masses.

To identify anatomic characteristics of renal tumors in CT 
and MRI and ensure a more objective and standard preopera-
tive evaluation, RENAL nephrometry and the PADUA scor-
ing systems have been developed. These scoring systems 
may help to predict the oncological success and periopera-
tive and postoperative complications of PN.  Regarding 
RENAL nephrometry, the complexity of the tumor is 
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 classified as low (4–6) or medium–high (7–12). In the 
PADUA classification, renal tumors are given scores from 6 
to 14 according to their anatomical localization. Tumors with 
a score of 8–9 have 14-fold of higher complication risk than 
tumors with a score of 6–7, and tumors with a score of over 
10 have 30-fold of higher complication risk than those with 
a score of 6–7.

 Literature Review

 Open Versus Robotic Approach

In the literature, there are several retrospective and pro-
spective studies comparing RAPN and OPN [19–21]. 
Retrospectively, unifocal clinical T1 renal masses in non-
solitary kidneys were reviewed in a past study [19]. In this 
study, tetrafecta was evaluated between the groups which 
was defined as negative surgical margins, freedom from 
perioperative complications, ≥80% renal functional pres-
ervation, and no chronic kidney disease upstaging. For T1a 
masses, tetrafecta achievement was similar between 
approaches, but for T1b masses, the robotic approach 
achieved significantly higher tetrafecta rates (43.0% vs 
21.3%) that were primarily due to lower perioperative 
morbidity, specifically related to wound complications. 
Positive surgical margin rates and renal functional preser-
vation were comparable between open and robotic 
approaches.

In another retrospective study, Sprenkle PC et  al. com-
pared the outcomes for 53 minimally invasive PN (16 robotic 
and 37 laparoscopic PN) and 226 OPN procedures for tumors 
>4–7 cm in size [20]. The authors concluded that OPN and 
minimally invasive PN procedures performed in patients 
with tumors >4–7  cm offer acceptable and comparable 
results in terms of operative, functional, and convalescence 
measures, regardless of approach. A retrospective review 
was performed to compare 69 RAPNs with 234 OPNs in 
terms of clinicopathologic variables, operative parameters, 
and renal functional outcomes [21]. The mean operative time 
and the mean warm ischemia time were longer in the RAPN 
group. But there were no significant differences in the post-
operative estimated glomerular filtration rate (eGFR) and 
change in the eGFR. There were six patients with positive 
surgical margins in the OPN group, while there are no 
patients with positive surgical margins in the RAPN group. 
The intraoperative and overall postoperative complication 
rates were similar between the groups. The authors con-
cluded that RAPN was a viable option small renal tumor as a 
nephron-sparing surgery approach.

In a multicenter study, perioperative results and complica-
tions of open and robotic PN procedures were compared [3]. 

In this study, the open PN group consisted of 198 patients, 
and robotic PN group consisted of 105 patients. No differ-
ence was observed in terms of tumor nephrometry, renal 
function, ischemia time, positive surgical margin, and intra- 
and postoperative complications. Nonetheless, less bleeding 
and surgical complications and shorter hospital stay were 
found in the robotic PN group. However, the operative time 
was found longer for the patients in the robotic group.

In a systematic review and meta-analysis, 16 comparative 
studies including 3024 cases were evaluated and compared 
regarding perioperative outcomes of RAPN and OPN [22]. 
Although operative time and warm ischemia time were lon-
ger in the RAPN group, estimated blood loss, hospital stay, 
and perioperative complications were less than the open 
group. Besides, there were no differences in positive surgical 
margin, the change of glomerular filtration rate, transfusion 
rate, and conversion rate between the two groups. In conclu-
sions the authors suggested RAPN as an effective alternative 
to OPN.

In a single-center study, Mearini et  al. compared the 
results of zero-ischemia OPN, LPN, and RAPN in terms of 
complete removal of tumor, preservation of renal function, 
and having no grade ≥ 3 complications according to Clavien- 
Dindo classification [23]. In this study, 80 patients under-
went OPN, 66 LPN, and 31 RAPN procedures. All of the 
techniques were found to be safe and effective; moreover, 
RAPN and LPN offered benefits of a reduced operative time, 
blood loss, on-demand ischemia, and rate of high-grade 
complications.

Both LPN and RAPN can be performed through trans-
peritoneal or retroperitoneal approaches. However, retroperi-
toneal LPN is less utilized than transperitoneal LPN because 
of its technical difficulties [24]. Kieran et al. compared the 
intraoperative parameters and perioperative complications of 
retroperitoneal and transperitoneal approaches to LPN [25]. 
They concluded that the retroperitoneal approach reduced 
the operative time, hospital stay, and complications without 
compromising the oncologic outcomes. One meta-analysis 
showed that retroperitoneal LPN had a shorter operative time 
and a shorter length of stay, which led to the conclusion that 
retroperitoneal approach might be faster and equally safe 
compared with the transperitoneal approach [26]. In a meta- 
analysis, Xia et al. compared the outcomes of transperitoneal 
and retroperitoneal RAPN regarding complications, conver-
sion, operative time, warm ischemia time, estimated blood 
loss, and positive surgical margins [27]. The meta-analysis 
suggested that retroperitoneal RAPN was equally safe and 
efficacious in terms of complications, conversion, warm 
ischemia time, estimated blood loss, and positive surgical 
margins compared with transperitoneal RAPN. In addition, 
retroperitoneal RAPN had a marginally significant advan-
tage of shorter operative time.
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 Laparoscopic Versus Robotic Approach

Initially, PN was performed solely with an open approach. 
More recently, minimally invasive approaches (laparoscopic 
or robotic) have been increasingly used for PN.  LPN has 
been shown to offer better cosmetic results, less postopera-
tive pain, shorter length of hospital stay, and faster postop-
erative recovery than OPN.  However, the spread of 
laparoscopic PN has been limited due to the difficulties of 
the technique and surgeons’ long learning curve and is more 
applicable to the small and less complex renal tumors [28]. 
On the contrary, RAPN is a more reproducible technique and 
provides the superiority of bridging the technical difficulties 
of LPN. Hanzly et al. evaluated the learning curves of RAPN 
and LPN by examining the operative times, warm ischemia 
times, estimated blood loss, the postoperative eGFR, and 
intra- and postoperative complications [29]. Intraoperative 
and postoperative complications were similar in both groups. 
In the RAPN group, operative time and warm ischemia time 
were shorter, and postoperative stay was longer. The percent-
age decrease in postoperative eGFR was lower in the RAPN 
group compared with the LPN. The authors stated that vari-
ables of the learning curve for RAPN can be obtained earlier 
than the same variables for LPN.

In a multicenter comparative study (the RECORd Project), 
perioperative results and predictive factors of trifecta 
achievement (absence of perioperative complications, nega-
tive surgical margins, and ischemia time) of OPN (133 
patients), LPN (57 patients), and RAPN (95 patients) were 
evaluated for clinical T1b renal tumors [30]. In this study, 
median estimated blood loss was significantly lower at 
RAPN patients compared to other groups. Consistently with 
the literature, median ischemia time was significantly shorter 
during OPN than the other approaches (RAPN had signifi-
cantly shorter ischemia time compared to LPN). 
Intraoperative and postoperative complications were signifi-
cantly less in RAPN group compared to OPN group. LPN 
(1.9%) and RAPN (2.5%) showed a lower rate of positive 
surgical margins than OPN (6.8%). Trifecta was achieved in 
62.4%, 63.2%, and 69.5% OPN, LPN, and RAPN, respec-
tively. The predictive factors for trifecta achievement were 
exophytic tumor growth pattern, estimated blood loss, and 
high-volume centers.

A meta-analysis including 4919 patients who underwent 
robotic and laparoscopic PN (2681 RAPN, 2238 LPN) pro-
cedures favoured robotic approach in terms of conversion to 
open surgery, complication rates, ischemia time, and positive 
surgical margins, despite having larger tumor size and higher 
mean RENAL nephrometry scores in the robotic group [31]. 
In this meta-analysis, both approaches had similar operative 
time, estimated blood loss, and postoperative change in 
eGFR.  In a multicenter study, perioperative and long-term 

renal functional outcomes of RAPN versus LPN procedures 
were compared [32]. The matched-pair comparison of 195 
RAPNs and 195 LPNs showed no significant differences 
with regard to overall change in eGFR or positive surgical 
margin rates. However, the amount of renal functional recov-
ery was found higher in the RAPN group. Operative time and 
warm ischemic time were significantly shorter in the RAPN 
group.

In a retrospective study, patients who underwent LPN 
(n = 52) or RAPN (n = 48) performed by a single surgeon 
were compared [33]. In contrast to the existing literature, no 
significant differences were found between groups with 
regard to mean estimated blood loss, operation time, isch-
emia time, intraoperative and postoperative complication 
rates, hospital stay, percent reduction of hemoglobin, posi-
tive margins, or changes in renal function. The authors con-
cluded that RAPN was a comparable and alternative option 
to LPN, with equivalent oncological and functional out-
comes, as well as comparable morbidity to LPN. Our institu-
tion’s initial experience with RAPN was previously published 
[34]. The study included 42 patients undergoing transperito-
neal RAPN.  During a median follow-up period of 
15.5 months, there was no distant metastasis or local recur-
rence. According to our experience, RAPN is a safe mini-
mally invasive surgical approach, with excellent surgical and 
oncological outcomes in T1 kidney tumors.

 Preoperative Planning

In order to determine the location and size of the renal 
tumors, abdominal computed tomography (CT) or magnetic 
resonance imaging (MRI) is performed. The RENAL neph-
rometry and PADUA scores of the patients are calculated 
from the examination of the CT and MRI scans. In line with 
our current practice, patients with small renal masses are 
considered for zero-ischemia RAPN. If an accessory lower 
pole artery is present and the tumor is located peripherally as 
an exophytic mass lesion <3  cm in size, we selectively 
occlude the lower pole artery by applying a laparoscopic 
bulldog clamp. Then, in the presence of an accessory artery 
selectively supplying the renal mass, we apply a polymer 
ligation clip to block the blood supply to the mass and per-
form zero-ischemia RAPN.

In patients with a solitary kidney and in those with the 
tumor characteristics described above, zero-ischemia RAPN 
could be performed that might have a positive impact on 
residual postoperative kidney function. Another important 
tool that might be required during this type of surgery is 
intraoperative endoscopic ultrasound, which might be help-
ful for showing the depth of the tumor before starting 
excision.
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Antiaggregant and anticoagulant treatments are discon-
tinued at least 1 week prior to surgery in order to minimalize 
the risk of bleeding. Subcutaneous low-molecular-weight 
heparin is initiated. Two units of erythrocyte suspension are 
prepared for a possible blood transfusion. Antibiotic pro-
phylaxis is administered to all patients during anesthesia 
induction. Before the administration of the anesthesia, high-
thigh antiembolism stockings are applied to both legs to pre-
vent deep vein thrombosis and embolization. After 
intratracheal general anesthesia, a urethral Foley catheter is 
inserted, and the patient is then placed in the 60° flank posi-
tion with the surgical bed flexed that allows a clear view of 
the surgical field. The surgical field is cleaned with 
povidone-iodine.

 Setup

In regard to the surgeon’s preference, an intraperitoneal 
incision is performed by inserting a Veress needle or with 
the open Hasson’s method, approximately 1 cm superolat-
eral to the umbilicus to begin surgical access. 
Pneumoperitoneum at 15  mmHg is maintained with CO2 
insufflation by placement of an 8-mm robotic camera trocar 
(Fig.  29.1). Then, an 8-mm port is placed approximately 
4  cm craniomedial to the spina iliaca anterior superior 
(SIAS) for the first robotic arm, and an 8-mm robotic port is 
placed at the arcus costarum at the midclavicular line under 
direct vision for the second robotic arm. A 12-mm assistant 
port is placed 2 cm medial to the line connecting the robotic 
port and the camera port. Finally, at the surgeon’s discre-
tion, if an extra robotic arm is to be used, an 8-mm robotic 
port is placed approximately 2  cm below the SIAS under 
direct vision. The port placements are similarly performed 
for the right and left kidneys. Some of the robotic surgeons 
routinely prefer the application of an extra arm that might 
facilitate the procedure by providing the console surgeon a 
better kidney retraction, hilar dissection, and vascular con-

trol independent from the bedside assistant. For the next 
step, the robotic unit was docked at a 15° angle from the 
back of the patient, and the operation is begun by connect-
ing the robotic arms and introducing the robotic instruments 
through the ports.

 Procedure

During surgery, the standard PN procedure is followed as 
we previously described [35]. Initially, the white line of 
Toldt is identified, the colon is mobilized medially, and 
the retroperitoneal space is entered. The ureter is identi-
fied in the retroperitoneum and followed up to the renal 
hilum, where the renal vessels are identified. The renal 
vein and renal artery are dissected, encircled, and secured 
with vascular tapes (Fig. 29.2). Gerota’s fascia is opened, 
and the perirenal fatty tissue is dissected off to expose the 
kidney and the renal mass. The line of excision for the 
renal lesion is marked on the renal capsule using monopo-
lar curved scissors and cautery (Fig. 29.3). An absorbable 
suture is introduced into the abdominal cavity for per-
forming renorrhaphy and parked in the abdomen appro-
priately (Fig. 29.4).

An endoscopic bulldog clamp is prepared for use if 
needed. If the dissection of the renal hilum, including the 
renal artery and vein, is not performed, it may be difficult for 
the assistant surgeon to apply a laparoscopic bulldog clamp 
in the event of unexpected and excessive bleeding while per-
forming zero-ischemia RAPN. Therefore, we always suggest 
identification and securing the renal artery and vein with vas-
cular tapes at the beginning of the surgery.

In the on-clamp approaches, the laparoscopic bulldog 
clamp is applied on the renal artery (Fig. 29.5). Excision of 
the renal mass lesion is initiated using monopolar curved 

Fig. 29.1 Abdominal port sites. R1-4, 8-mm robotic ports; A, 11-mm 
assistant port Fig. 29.2 Securing the renal artery with a vascular tape
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scissors with an adequate (few millimeters) parenchymal 
margin (Fig.  29.6). If no major bleeding is encountered, 
excision of the tumor can be completed (Fig.  29.7). If 
zero- ischemia RAPN is performed, the surgeon should 
keep in mind that this technique may have a risk of major 
bleeding. To address this, even in the zero-ischemia proce-
dures, we introduce a laparoscopic bulldog clamp into the 
abdominal cavity and locate it close to the predissected 
renal artery and vein before starting excision of the tumor. 
If major bleeding occurs, a bulldog clamp can be easily 
applied on the renal artery and vein. In this situation, the 
level of experience of the assistant surgeon is extremely 
important. Therefore, we suggest having an available 
assistant surgeon who has experience with this type of 
surgery.

We use an absorbable poliglecaprone suture to perform 
internal renorrhaphy (Fig. 29.8). Each suture is kept tight 

Fig. 29.3 Marking the renal capsule with cautery around the mass 
lesion with few millimeters safety margin

Fig. 29.4 Introduction of the sutures for renorrhaphy into the 
abdomen

Fig. 29.5 Application of laparoscopic bulldog clamp on the renal 
artery

Fig. 29.6 Performing partial nephrectomy with monopolar curved 
scissors

Fig. 29.7 Completion of partial nephrectomy
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by applying an absorbable endoclip on the renal capsule 
(Fig. 29.9). If the tumor bed is rather small, we proceed to 
external renorrhaphy using the same suture following 
completion of internal renorrhaphy (Figs.  29.10 and 
29.11). The hemostatic agent may then be applied to the 
surgical area to achieve an adequate hemostasis 
(Fig. 29.12). Thereafter, the excised renal mass is placed 
into the endobag. After the vascular tapes are removed 
from the intra-abdominal cavity, the perirenal fat over the 
completed PN site is closed using a 3/0 polyglactin suture 
with an atraumatic needle (Fig. 29.13). The intra-abdomi-
nal pressure is decreased to 5 mmHg, and the surgical area 
is checked for bleeding. Following hemostasis, a drain is 
inserted into the abdominal cavity close to the surgical 
field. Abdominal ports are removed under direct vision 
and the port sites are closed.

Fig. 29.8 Performing internal renorrhaphy with 3/0 monocryl suture

Fig. 29.9 Completion of internal renorrhaphy, applying polymer liga-
tion clip

Fig. 29.10 Performing external renorrhaphy with 3/0 vicryl suture

Fig. 29.11 Appearance of partial nephrectomy with internal and exter-
nal renorrhaphy completed

Fig. 29.12 Application of hemostatic agent over the partial nephrec-
tomy surface

K. Ener and A. E. Canda



237

 Postoperative Care

Patients are given intravenous fluids, analgesics, and antibi-
otics postoperatively. Urethral catheters and drains are 
removed, and the patients are discharged from the hospital. 
Routine biochemistry and hemogram tests are carried out 
immediately after surgery and on the first day after surgery. 
A follow-up abdominal CT is carried out on all patients in 
the postoperative sixth month, after which patients are fol-
lowed up with annual abdominal CT and chest 
radiography.
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Radical Prostatectomy

Brett A. Johnson and Jeffrey A. Cadeddu

 Introduction

Radical prostatectomy has been the gold standard for organ- 
confined prostate adenocarcinoma since its introduction over 
100  years ago. While initially performed via a perineal 
approach, the retropubic approach quickly became the stan-
dard in the 1950s [1]. The first laparoscopic approach to radi-
cal prostatectomy was described in 1997 by Schuessler et al. 
[2]. At that time the minimally invasive prostatectomy was 
demonstrated to be feasible, but it was difficult and time- 
consuming and did not offer any benefits to the traditional 
open retropubic approach.

Since the introduction of the da Vinci surgical robot in 
2000, there has been a revolutionary shift in the surgical 
approach to radical prostatectomy. Robotic-assisted laparo-
scopic prostatectomy (RALP) has become a de facto stan-
dard in the United States for management of localized 
prostate cancer. The advantages of stereoscopic vision, 
three-dimensional wrist movements, and an additional 
robotic arm have drastically decreased the difficulty of mini-
mally invasive radical prostatectomy. It is important to note 
that the copious marketing by industry to facilities, provid-
ers, and patients also likely played a role in the rapid adop-
tion of this modality. Compared to a laparoscopic radical 
prostatectomy, RALP primarily facilitates visualization, dis-
section, and suturing. Just as for radical retropubic prostatec-
tomy, the goals of RALP are to maximize oncological control 
of prostate cancer and minimize risk of complication, mor-
bidity, and functional loss.

 Literature Review

As RALP has become more commonplace around the United 
States and Europe, numerous studies comparing it to the 
open approach have been completed. Retrospective compari-
sons between RALP and open surgery have demonstrated a 
significant decrease in operative blood loss and rate for trans-
fusion [3]. Oncologically RALP delivers similar oncological 
control of prostate cancer. When comparing experienced sur-
geons at high-volume centers, the rate of positive margins is 
comparable between open and robotic prostatectomy [4]. 
Similarly, biochemical recurrence rates between open and 
robotic prostatectomy are comparable [5]. A Phase III pro-
spective randomized control trial comparing open to robotic 
prostatectomy is underway in Australia. Six- and 12-week 
sexual function and continence outcomes are similar for both 
techniques. Neither open nor robotic technique demonstrated 
superior rate of positive margins [6].

Robotic surgery, in general, is more expensive than open 
surgery, and RALP is no exception [7]. This is due to the 
upfront and maintenance costs of the robotic surgical system 
as well as the large number of disposable and semi- disposable 
instruments required. RALP costs approximately $1155 per 
case more than open prostatectomy not including the upfront 
cost to purchase the device [8].

The biggest impact on patient quality of life following 
radical prostatectomy is the incidence of urinary inconti-
nence and erectile dysfunction. Stress urinary incontinence 
following radical prostatectomy has been well described; 
however, some of the anatomical mechanisms are still being 
elucidated [9]. Several studies have demonstrated that recov-
ery of continence by 12 months postoperatively is over 90% 
[10–12]. Furthermore, novel techniques to speed up the 
recovery of incontinence are continually being considered 
and evaluated [13]. Since the advent of better anatomical 
understanding of the neurovascular bundle, post- 
prostatectomy erectile dysfunction has decreased signifi-
cantly [14]. A definitive conclusion regarding the difference 
in erectile function between open and robotic approach is 
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difficult to reach. Various series have demonstrated that erec-
tile function 12 months postoperatively ranges from 68% to 
96% [3, 15, 16]. Although surgical technique is critical, pre-
operative erectile function and age are significant predictors 
of post-RALP erectile dysfunction, and patients must be 
counseled appropriately [17]. Many centers will utilize adju-
vant phosphodiesterase-5 inhibitors (PDE5i) or vasoactive 
injections to decrease erectile dysfunction postoperatively. 
This is sometimes referred to as “penile rehabilitation.” The 
basis of this treatment is the induction of nocturnal erections 
which may play a protective role in preserving erectile tissue 
[18, 19]. Some studies have demonstrated improvement in 
erectile function with daily administration of PDE5Is, while 
others have shown no difference [20, 21]. While our practice 
is to initiate daily tadalafil, overall, the literature is mixed.

 Preoperative Planning

At its core, surgical indication for RALP is clinically local-
ized prostate cancer in a patient whom the benefit of excision 
of the prostate outweighs the risks. Screening and diagnosis 
of prostate cancer are incredibly complex subjects and are 
beyond the scope of this chapter. Patients diagnosed with 
prostate cancer have a wide range of management options 
available to them including watchful waiting, active surveil-
lance, radiotherapy with or without neoadjuvant androgen 
deprivation, or surgical excision. Carefully informed consent 
involving all options is necessary. The choice of manage-
ment should be based on the clinical nature of the disease 
and the desires of the patient.

Clinical decision-making adjuncts may facilitate patient 
education and surgical planning. The Partin tables use clini-
cal features of prostate cancer including Gleason score, 
serum PSA, and clinical stage to predict whether the tumor 
will be confined to the prostate [22]. Another important deci-
sion to make preoperatively is whether to perform a bilateral 
pelvic lymph node dissection (PLND). The role of PLND is 
not as clearly defined as it is for other malignancies. There is 
little doubt that PLND does convey a more accurate picture 
of cancer staging; however, the true impact on cancer-free 
survival is not fully elucidated. The Memorial Sloan 
Kettering Cancer Center developed a pre-radical prostatec-
tomy nomogram that can help predict the chance of node 
positivity based on the patient’s age, PSA, and biopsy details 
[23]. This can assist in discussion of the risks versus benefits 
of PLND. Many urologists will forego PLND if the chance 
of node positivity is less than 5%.

Preoperatively a full mechanical bowel preparation may 
be used but is usually unnecessary. Clear-liquid diet and one- 
half bottle of magnesium citrate the day prior to surgery are 
recommended to decompress the rectum. All anticoagulants 
should be held preoperatively. If the patient is systemically 

anticoagulated, they may be bridged with enoxaparin. 
Antiplatelet therapy should be held at least 5 days prior to 
surgery; however, for patients with high thromboembolic 
risk, RALP on low-dose aspirin has been described [24].

 Setup

RALP is performed under general anesthesia with endotra-
cheal intubation. An orogastric tube is necessary to decom-
press the stomach. The patient is positioned supine with the 
legs split. The arms are tucked to the side, and the patient is 
placed in steep Trendelenburg. The anesthesia team should 
be comfortable with the consequences of pneumoperitoneum 
including higher end-tidal CO2 and oliguria. Adequate IV 
access must be obtained prior to positioning as the arms will 
not be accessible once they are tucked. The bedside assistant 
can be either on the left or the right of the operating table, but 
left is our preference. The robotic patient cart is aligned to be 
docked between the legs. In the discussion of port place-
ment, we will refer to the assistant on the left and the fourth 
arm on the right; however, these may be reversed based on 
surgeon preference.

Most commonly, a transperitoneal approach is utilized for 
RALP; however, an extraperitoneal approach has been well 
described [25]. The extraperitoneal approach utilizes a 
balloon- dilating device to develop the space of Retzius. The 
operation then proceeds in essentially the same manner as 
transperitoneal. The benefit of an extraperitoneal approach is 
that the bowel is kept from the operative field, theoretically 
reducing the chance of injury. Also, in case of urine leak, 
urine is confined away from the abdominal viscera. 
Comparative studies have shown there is little to no differ-
ence in perioperative outcomes between these two approaches 
[26]. For the purposes of this chapter, we will describe the 
transperitoneal approach.

Pneumoperitoneum is typically obtained via the Veress 
technique. This is done either at the umbilicus or 2 cm above 
where the camera port will be placed. If there is concern for 
adhesions, an alternate Veress site or the Hasson technique 
may be used. The camera port is placed in the midline just 
above the umbilicus. An 8-mm robotic trocar is used for the 
camera port for the newest da Vinci Xi. For all previous ver-
sions of the robot, a 12-mm port is used for the camera port. 
Aside from the camera, three 8-mm robotic arm ports and 
two assistant ports (one 12 mm and one 5 mm) are used. The 
larger port allows for passing suture, clip appliers, and an 
entrapment sac. After placement of the camera port, the two 
medial robotic ports are placed 8–9 cm lateral to the umbili-
cus on either side. In the cranial-caudal axis, they should be 
either in line or just inferior to the umbilicus. On the left side, 
the third robotic port is placed 8–9 cm laterally to the medial 
robotic port and in line with it in the cranial-caudal axis. 
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The 5-mm assist port is placed in the same location on the 
contralateral side. The 12-mm assist port should be on the 
same side as the 5-mm port and placed midway between the 
camera port and the ipsilateral robotic arm port in the medial- 
lateral axis and even with the umbilicus in the craniocaudal 
axis (Fig.  30.1). The distances should be measured after 
complete insufflation. In significantly obese patients, the 
ports should be placed slightly inferior to where the ports 
would be placed normally. A 0-degree lens is recommended 
for the entire case. Some surgeons will utilize the 30-degree 
down endoscope for apical dissection; however, it is usually 
not necessary.

 Procedure

Open prostatectomy is performed in a retrograde approach 
(apex to bladder neck), and while this has been described via 
a robotic approach, the current standard for RALP is an ante-
grade dissection (bladder neck to apex). The antegrade 
approach allows for better identification of the neurovascular 
bundle.

There are two commonly described starting points of dis-
section, an anterior and a posterior (retrovesical) approach. 
Overall, the steps to the dissection are the same for each 
approach; however, the starting point differs. During the 
anterior approach, the initial step is to develop the space of 
Retzius and to release the bladder off of the anterior abdomi-
nal wall. Dissection of the seminal vesicles and vasa is per-
formed after transection of the bladder neck. In the posterior 
approach, the initial steps are dissection of the seminal vesi-
cles and vasa and then proceeding with release of the bladder 
from the anterior wall. The posterior approach is our prefer-
ence and will be described here, but either approach is 
acceptable.

Any adhesions of the sigmoid colon to the anterolateral 
peritoneum should be released before beginning. The bowel 

then is gently retracted out of the pelvic cul-de-sac. Steep 
Trendelenburg will facilitate this. The peritoneum overlying 
the pouch of Douglas is incised transversely. By dissecting 
the fat underneath the peritoneum, the vasa can be identified 
bilaterally. The vasa are cauterized with bipolar current and 
transected with monopolar scissors. This should be done at 
least 3–4 cm from the prostate to allow the proximal end of 
the vas to become a handle for later dissection. The seminal 
vesicles can be identified lateral to the ampulla of the vas. A 
combination of cautery and blunt dissection should allow 
them to be exposed. Of note, the neurovascular bundle course 
just lateral to the tips of the seminal vesicles and monopolar 
current should be used sparingly in this area. The arteries of 
the seminal vesicles need to be identified and preferably cau-
terized with bipolar current. The seminal vesicles should be 
mobilized completely to their insertion into the prostate 
(Fig. 30.2).

Attention is then transitioned to release the bladder from 
the anterior abdominal wall. This begins with a transverse 
incision in the anterior peritoneum inferior to the umbilicus. 
An avascular areolar plane exists between the bladder and 
the anterior abdominal wall. Finding this plane will allow 
development of the space of Retzius. Utilizing the fourth arm 
for traction on the bladder cranially will facilitate the dissec-
tion. The longitudinally running cord-like medial umbilical 
ligaments will be encountered during this dissection. Cautery 
should be used to ligate and transect these to avoid bleeding. 
This space is developed down toward the pelvis until the 
prostate can be seen. Often there is periprostatic fat that 
needs to be dissected away to completely visualize the pros-
tate. For high-risk patients, this fat can be sent for permanent 
pathology. An accessory pudendal artery will be present in 
approximately 25% of patients [25]. These can be seen typi-
cally just lateral to the puboprostatic ligament. If possible, 
these arteries should be preserved as they can contribute to 
erectile function.

8-mm robotic port
12-mm or 8-mm camera port
12-mm assistant port
5-mm assistant port

Fig. 30.1 Trocar placement for robotic-assisted laparoscopic prosta-
tectomy with the bedside assistant on patient’s left

Fig. 30.2 The posterior approach begins with dissection of the vasa 
and seminal vesicles. These can be seen and dissected here
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Once the adequate visualization of the prostate, endopel-
vic fascia, puboprostatic ligaments, and pubic bone is 
obtained, dissection of the prostate itself may commence 
(Fig.  30.3). Bilaterally the endopelvic fascia is incised 
sharply. Pelvic floor musculature should be visualized later-
ally and the prostatic capsule medially. Careful sharp dissec-
tion without cautery is used to separate the muscle fibers off 
of the prostate on each side. Care should be taken toward the 
apex as the dorsal venous complex (DVC) can be unintend-
edly entered. The puboprostatic ligaments are then incised 
sharply. This exposes the DVC.

The DVC is a potential source for bleeding and should be 
approached with caution. Pneumoperitoneum will tampon-
ade the DVC if it is entered unintentionally. This is one of the 
major reasons there is less bleeding in RALP compared to an 
open approach. The DVC is now suture ligated with a 2–0 or 
0 polydioxanone suture (with or without barbs). The needle 
is passed underneath the DVC and above the urethra 
(Fig.  30.4). The non-sewing arm can be used to provide 
countertraction to better place and retrieve the needle. By 
ensuring the catheter moves freely when the needle is in the 

DVC, accidentally piercing the urethra and catheter with the 
needle can be recognized and corrected. A figure-of-eight 
suture is adequate for ligation of the DVC. Some surgeons 
will opt to also place a figure-of-eight stitch to ligate the ves-
sels on the anterior of the prostate. This is referred to as the 
“back-bleeder stitch” and can assist with hemostasis during 
dissection of the prostate. Attention can now be turned to the 
bladder neck.

The identification and transection of the bladder neck are 
one of the more nuanced aspects of this procedure. Without 
tactile feedback, the surgeon relies on visual clues for the 
development of the proper plane. The fourth arm is used to 
grasp the bladder and gentle cephalad traction is applied. 
Observing the balloon of the catheter as it is seated at the 
bladder neck can give a sense of where the bladder neck and 
prostate meet. Also, retracting the bladder neck medially can 
assist in visualization of the contour of the prostate as it 
meets the bladder neck [27]. The importance of this plane is 
paramount. If the incision is too distal, prostate tissue will be 
left behind. If too proximal, the bladder neck will have to be 
reconstructed and/or the ureteral orifices will extremely 
close to the vesicourethral junction and may interfere with 
the anastomotic suture.

Once the proper plane is identified, it is incised with 
monopolar scissors starting in the midline and moving later-
ally. The surgeon should be mindful of the bladder pedicle 
which can bleed if this incision is brought too laterally. 
Detrusor muscle appears visually much different than pros-
tate tissue, so if prostate stroma is encountered, the incision 
should be moved more proximally. As dissection progresses 
deeper, the catheter is encountered. Once the catheter is seen, 
the balloon is deflated and retracted to the point that the 
fourth arm can grasp the tip of the catheter and pull toward 
the anterior abdominal wall. Gentle traction on the catheter 
from outside the body can tent the prostate up and away from 
the bladder (Fig. 30.5). If there is a very large median lobe, Fig. 30.3 Following dissection of the space of Retzius, the anatomical 

landmarks of the prostate can be seen

Fig. 30.4 After incising the endopelvic fascia bilaterally, the dorsal 
venous complex (DVC) is ligated with suture

Fig. 30.5 The base of the prostate is incised and the urethra is exposed. 
The catheter is used for anterior traction during dissection
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this can be grasped with the fourth arm instead of the cathe-
ter. This traction/countertraction maneuver separates the 
prostate and bladder facilitating dissection of the posterior 
bladder neck. This dissection should be carried at a 45-degree 
downward angle to avoid a back wall injury to the bladder. It 
is important to stay in the midline for this step, as the vascu-
lar pedicles of the prostate lie laterally.

If the seminal vesical dissection is completed at the begin-
ning as described above, the seminal vesicles will come into 
sight as the posterior bladder neck is dissected with monopo-
lar scissors. The vasa and seminal vesicles can simply be 
brought through the opening in the posterior bladder neck 
(Fig.  30.6). If an anterior approach is performed, the vasa 
and seminal vesicles are dissected now in the same manner 
as described above. The fourth arm is utilized to grasp them 
and apply traction toward the anterior abdominal wall. This 
sets up dissection of the rectal plane and the pedicles.

Lifting the seminal vesicles and the vasa allows visualiza-
tion of Denonvilliers’ fascia. This fascia can be left on the 
anterior of the rectum or completely excised depending on 
severity of disease pathology and comfort of the surgeon. A 
transverse incision is made in this fascia, and blunt lateral 
dissection pulls the posterior prostate free from the anterior 
rectum. Posterior traction with the assistant’s suction tip 
facilitates dissection of this plane. This plane should be 
brought close to the apex of the prostate as possible.

The next step is controlling of the vascular pedicles later-
ally. Many techniques have been described for control of the 
vascular pedicles. Techniques utilizing hemostatic sutures, 
locking clips, metallic clips, stapling devices, and bipolar 
electrosurgery have been described [27]. Regardless of the 
method, the key is appropriate isolation of the pedicle. 
Anterior and contralateral traction facilitates isolation of the 
pedicles. Blunt dissection is used to develop packets that are 
then ligated and divided. If a nerve-sparing approach is 
desired, the nerve bundles should be identified prior to liga-

tion of the pedicle. Control of the pedicle proceeds from base 
to apex on either side of the prostate.

Whether to utilize a nerve-sparing technique is dependent 
on the severity of the disease and the postoperative goals of 
the patient. If preservation of the neurovascular bundle 
(NVB) is desired, the levator fascia on the anteromedial 
aspect of the mid-prostate is incised. This develops an inter-
fascial plane between the prostate capsule and the levator 
fascia. These layers are separated bluntly and carried from 
base to apex where the fascia separates from the capsule. The 
NBVs should be visualized and released before ligating the 
pedicle at that level (Fig. 30.7). Thermal energy is avoided 
during this dissection of the NVBs. The nerve fibers are 
highly susceptible to thermal injury as shown in both animal 
and human studies [28]. Most of the bleeding encountered 
during the NVB dissection is minimal and does not need 
thermal energy to control.

Once the NVB is released and the pedicles are divided, 
the DVC and the urethra are all that remain. This portion of 
the operation is critical as the apex is often a site of positive 
margins [29]. Also, excessive dissection at the apex can 
interfere with continence and erectile outcomes. Monopolar 
scissors are used to divide the DVC just proximal to the DVC 
stitch. Liberal use of cautery will minimize bleeding at the 
DVC. This should be taken down until the junction of the 
prostatic apex and urethra is visualized. Sharp dissection 
with minimal cautery is utilized to transect the urethra in an 
effort to prevent thermal injury to nerve fibers and sphincter 
muscle. As much urethral length as possible should be pre-
served, but incising too proximally on the prostate will lead 
to a positive apical margin. Once the urethra is incised, the 
catheter is pulled back so the posterior urethra can be identi-
fied (Fig. 30.8). Sharp dissection continues until the urethra 
is released. There is often a bridge of tissues (Denonvilliers’ 
and posterior rhabdosphincter) below the urethra tethering 
the prostate to the anterior rectum. This area can be carefully 

Fig. 30.6 The previously dissected seminal vesicles (SV) are brought 
through the incision in the base of the prostate. Using the fourth arm, 
the SVs are placed on anterior traction

Fig. 30.7 The left neurovascular bundle (NVB) is dissected away from 
the prostate capsule laterally, while the left vascular pedicle is taken 
with locking clips
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dissected to release the specimen completely. Care is taken 
not to injure the rectum or NVBs.

The prostate and the prostatic fossa are then carefully 
inspected. If it appears there is residual prostate tissue in the 
fossa, this can be excised and sent for pathology. Residual 
bleeding at the pedicles is suture ligated to avoid cautery- 
induced thermal injury to the NVBs. If no nerve sparing is 
utilized, cautery can be used to achieve hemostasis. A 10-mm 
entrapment sac is inserted through the 12-mm assistant port, 
and the specimen is placed within it. The tether on the sac 
can be grasped through the 5-mm port and brought out 
through the trocar. This will facilitate retrieval of the entrap-
ment sac from the camera port later.

If appropriate, the pelvic lymph node dissection is per-
formed at this juncture. The peritoneum is typically already 
released from dissection of the bladder. The external iliac 
artery and vein are identified and vas deferens divided. The 
nodal packet is released from the medial aspect of the exter-
nal iliac vein. It is bluntly dissected proximally to the iliac 
bifurcation and distally to the pubic bone. Gentle blunt dis-
section at the distal aspect of the nodal pack near the pelvic 
sidewall allows for visualization of the obturator nerve. Once 
the packet is dissected down to a pedicle, clips can be used to 
ligate and divide the pack. Clips should not be applied until 
the obturator nerve is visualized to avoid nerve injury or tran-
section. The packet can be removed via the 10-mm assistant 
port or placed in a separate entrapment sac. While complica-
tions associated with lymph node dissection are rare, they are 
possible. Obturator nerve, external iliac artery, and external 
iliac vein are the most commonly injured structures (30). 
Small vascular injuries can be controlled with polypropylene 
suture; however, large injures require rapid conversion to 
open and intraoperative assistance from vascular surgery. 
Most obturator injuries lead to little functional impairment. 
If a complete transection occurs, the cut ends should be 
sutured together with the assistance of neurosurgeon [31]. 

Ureteral injury is very rare, but surgeons should be aware 
that the ureters pass over the common iliac vessels near the 
bifurcation.

The remaining steps involve reconstruction of lower uri-
nary tract. The opening of the bladder is inspected. Depending 
on the dissection and the size of the prostate, the bladder 
neck opening may be considerably larger than the urethra. In 
this case, an absorbable suture can be used to narrow the 
opening to the bladder neck. The surgeon should take care 
not to occlude the ureteral orifices which enter the bladder 
posterolaterally.

One of the biggest challenges of traditional laparoscopic 
radical prostatectomy is the vesicourethral anastomosis. The 
advent of robotic surgery has greatly facilitated this portion 
of the operation by allowing greater visualization and wristed 
movements. The anastomosis is typically done with 3–0 or 
4–0 double-armed absorbable suture. The anastomotic suture 
may be either barbed or non-barbed. The suture is initially 
placed at the posterior bladder neck, and each arm is run on 
one side from posterior to anterior. It is necessary to take 
deep bites of the urethra to prevent urine leak. Perineal pres-
sure and intermittently advancing the catheter may facilitate 
visualization and access to the urethral stump. Once the 
suture has been run, the two arms meet at the anterior ure-
thra. The throws are cinched progressively from posterior to 
anterior making a tight seal between the bladder neck and the 
urethra (Fig. 30.9). The two arms are tied to one another, and 
the final catheter is placed. It should irrigate freely with min-
imal extravasation of fluid. Figure-of-eight sutures may be 
placed at the site of leak if it is seen.

While preservation of the NVB during radical prostatec-
tomy has been practiced for decades, modern advances in 
RALP technique often are related to return of continence. 
Various techniques have demonstrated improvement in over-
all continence. The “Rocco stitch” supplies posterior support 
for the vesicourethral anastomosis. A running absorbable 

Fig. 30.8 After transecting the DVC, the apex of the prostate is incised 
revealing the urethra

Fig. 30.9 Suture the vesicourethral anastomosis with a barbed absorb-
able suture
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suture is used to approximate the remnant of Denonvilliers’ 
fascia and posterior bladder neck to the posterior rhabdo-
sphincter beneath the urethra [32]. There is evidence that a 
reduced angle of the membranous urethra related to the pubic 
symphysis facilitates urinary control [9]. Posterior urethral 
suspension (PUS) elevates the pelvic floor and reduces the 
membranous urethra-pelvic angle. Bilateral size 2–0 poly-
glactin sutures are preplaced into posterior urethral rhabdo-
sphincter connective tissue at the 5 and 7 o’clock positions. 
Urethrovesical anastomosis is performed using a double- 
armed, running 3–0 barbed suture, careful to not incorporate 
suspension sutures into the anastomosis. After completion of 
the anastomosis, each suspension suture is secured to the 
ipsilateral pubic bone periosteum (Fig.  30.10). Canvasser 
et  al. demonstrated that PUS patients had significantly 
improved objective measures of urinary control, including 
less use of protective incontinence products at 1 and 2 weeks 
after catheter removal. Patients also wore fewer pads and had 
less leakage on each pad from week 1 to week 4 after cathe-
ter removal. In this study, a 16 French suprapubic tube and an 
18 French urethral catheter were placed postoperatively. The 
morning after surgery, the urethral catheter is removed. The 
suprapubic tube is capped at about 8–10 postoperative day, 
and the patient begins voiding. The suprapubic tube is subse-
quently removed at the first follow-up appointment on post-
operative day 10–12 [13].

Once the urethrovesical anastomosis is complete, the 
operative field is carefully inspected. Some surgeons will 
decrease pneumoperitoneum to 8 mm Hg to inspect the pel-
vis prior to undocking. The pneumoperitoneum serves as a 
tamponade for venous bleeding. This can obscure large 
venous bleeders during intraoperative inspection and lead to 
postoperative bleeding. The bowel should also be inspected 
to make sure there was no injury during instrument exchange. 
A 15 French slit-lumen drain is optional and placed through 
any of the robotic ports and sutured in place.

The patient cart may be undocked and then backed away. 
The 8-mm robotic ports typically do not need fascial closure, 
but the 12-mm assistant port should be closed with the 
Carter-Thomason fascial closure device. This can be accom-
plished robotically prior to the undocking or with the assis-
tant holding the robotic camera as a laparoscope. The skin is 
closed and dressings are applied.

 Intraoperative Complications

While RALP is, generally speaking, a safe operation, com-
plications are possible. It is critical for the surgeon to imme-
diately recognize and manage intraoperative complication. 
During any surgical procedure, proper positioning is critical 
to avoid neuropraxia and rhabdomyolysis. Prompt recogni-
tion of rhabdomyolysis postoperatively can prevent serious 
morbidity or death. Vascular or bowel injury is possible dur-
ing peritoneal access or during dissection. The bedside assis-
tant must be facile with exchanging robotic arms and passing 
in suture and be comfortable notifying the surgeon if resis-
tance is felt. Any injury should be promptly recognized and 
managed to avoid more serious morbidity. Most small vascu-
lar or visceral injuries can be repaired robotically; however, 
open conversion may be required. Rectal injuries typically 
occur during posterior dissection. If they are recognized 
immediately, often a multilayer closure with absorbable 
suture is all that is required [27]. In patients with history of 
radiation, diverting colostomy should be considered. Any 
surgeon performing a RALP should be comfortable also per-
forming an open radical prostatectomy in the case of a need 
to convert. While conversion is rare, it is an undeniable part 
of laparoscopic surgery (see Table 30.1).

 Postoperative Care

Following postanesthesia care, patients are admitted to gen-
eral care for one night (typically) in the hospital. A clear- 
liquid diet can be given the day of surgery, and the diet is 
advanced to generally the following day. If the drain output is 
less than 30 cc per 8 h, the drain can be removed on postop-
erative day 1. If the patient is tolerating general diet and their 
pain is well controlled with oral analgesia, he can be dis-

Fig. 30.10 With the vesicourethral anastomosis complete, the poste-
rior urethral suspension (PUS) is performed

Table 30.1 RALP complications [30, 33–37]

Complication Risk
Rectal injury 0.7–2.4
DVT/PE 0.5
Open conversion <2%
Transfusion <2%
Equipment malfunction 0.4%
Anastomotic complication 2%
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charged at postoperative day 1. Flatus is not a requisite to 
discharge but is a good indication of return of bowel function. 
Patients are discharged with their catheter which is removed 
in 9–10 days. If the patient has both a urethral catheter and a 
suprapubic tube, the urethral catheter is removed day after 
surgery. The suprapubic tube is capped around postoperative 
day 8 and removed around postoperative day 10.

The surgeon must also observe carefully for postoperative 
complications. While the need for blood transfusion is com-
monplace for open prostatectomy, this risk is significantly 
decreased for RALP; nevertheless, checking a serum hemato-
crit level at postoperative day 0 and 1 is recommended. An 
anastomotic urine leak usually presents with elevated drain 
output and an elevated drain creatinine. Often these will resolve 
with prolonged catheter drainage; however, complete disrup-
tions may require reoperation. If there is concern for urine leak, 
the drain should be left and a cytogram performed.

 Conclusion

For many, RALP has become a preferred treatment modality 
for localized prostate adenocarcinoma. While not definitely 
proven to be superior to open prostatectomy, it has been 
shown to be safe and effective, and it offers technical facility 
to a nuanced operation. Robotic surgery is still evolving, and 
new advances are being made every day. There is little doubt 
that RALP continues to be a critical component for treatment 
of prostate cancer moving forward.
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Robotic Intracorporeal Urinary 
Diversion for Bladder Cancer

Abdullah Erdem Canda

 Introduction

Robotic-assisted laparoscopic radical cystectomy (RARC) 
with extended pelvic lymph node (LN) dissection and intra-
corporeal urinary diversion is increasingly being performed 
in the management of invasive bladder cancer as a minimally 
invasive surgical approach, although open radical cystec-
tomy (RC) is still the gold standard surgical approach in the 
management of muscle-invasive bladder cancer, in addition 
to high-grade, recurrent, noninvasive tumors [1].

In this chapter, an overview on this subject is given, and 
surgical technique is explained with preoperative and post-
operative precautions.

 Literature Review

 Learning Curve

It was reported that, in order to reach an operative time 
of 6.5 h, at least 20 RARC procedures was required, and 
in order to obtain a LN yield of 20 or more, 30 cases 
were required [2]. International Robotic Cystectomy 
Consortium (IRCC) reported that learning curve for 
RARC demonstrated an acceptable level of proficiency 
following performing 30 procedures for proxy measures of 
RARC quality that included a series 496 RARC cases by 
21 surgeons at 14 institutions [3]. Recently, Collins et al. 
concluded that totally intracorporeal RARC with intracor-
poreal neobladder is a complex procedure, but it can be 
performed safely, with a structured approach, at a high-
volume established robotic surgery center without com-

promising perioperative and pathological outcomes during 
the learning curve for  surgeons [4].

 Oncologic Outcomes

Lymph node yield and surgical margins (SMs) in RC are 
considered as the most important parameters in surgical 
oncologic quality and efficacy. A positive SM rate of less 
than 10% [5, 6] and a LN yield of greater than 15 LNs [7–9] 
are recommended for oncological sufficiency in open RC. In 
the literature, the mean LN yield in RARC publications 
ranged between 15 and 21 and positive SM rate between 
1.4% and 7% that suggest RARC has similar results com-
pared to open surgery [10].

Recently, European Association of Urology (EAU) 
Robotic Urology Section (ERUS) Scientific Working 
Group carried out a multicenter study in order to evaluate 
if RARC with intracorporeal urinary diversion negatively 
impacts early recurrence patterns because of inadequate 
resection or pneumoperitoneum that included 717 patients. 
Early recurrence rates and locations appeared to be similar 
to those for open RC series [11]. Likewise, IRCC group 
that comprised a total of 1894 patients from 23 institutions 
in 11 countries concluded that the incidence of early onco-
logic failure following RARC has decreased with time. 
Disease-related rather than technical-related factors have a 
major role in early oncologic failure after RARC [12].

Nguyen et al. evaluated a series of 301 patients who under-
went RARC for bladder cancer and concluded that predictors 
of distant recurrences, peritoneal carcinomatosis, and extra-
pelvic LN metastases after RARC did not significantly differ 
and were mainly related with pathological tumor characteris-
tics and tumor biology rather than surgical aspects [13].

Because long-term follow-up time is not available for most 
of the published series, it is currently not possible to draw 
strict conclusions about the long-term oncologic efficacy of 
RARC.  However, studies with short- and intermediate-term  
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follow-up demonstrated that RARC with intracorporeal uri-
nary diversion has acceptable oncologic outcomes.

 Complications

In our initial experience with RARC and intracorporeal uri-
nary diversion, there were nine minor (grade 1 and 2) and 
four major (grades 3–5) complications in the perioperative 
(0–30 days) period and four minor and three major compli-
cations in the postoperative (31–90 days) period according to 
the modified Clavien system [14].

In a multi-institutional study with RARC performed in four 
institutions (n = 277), complications occurred in 68 patients 
(30%), with 7% having Clavien grade ≥ 3 complications. On 
multivariate analysis, decreased age and increased American 
Society of Anesthesiologists (ASA) score were detected as 
predictors of higher Clavien complication score [15]. In the 
IRCC multicenter study that involved 939 patients, 41% 
(n = 387) and 48% (n = 448) of patients had a complication 
within 30 and 90 days of robotic surgery, respectively. Of the 
complications, 52% were grade 0, 29% were grade 1–2, and 
19% were grade 3–5. Most common complications occurred 
related with gastrointestinal system (27%). Remaining com-
plications involved infectious (23%) and genitourinary (17%) 
systems. Multivariate analysis showed that increasing patient 
age, neoadjuvant chemotherapy, and blood transfusion were 
independent predictors of any and high-grade complications. 
During follow-up, 30- and 90-day mortality rates were identi-
fied as 1.3% and 4.2%, respectively [16].

Recently, Simone et al. evaluated outcomes of RARC and 
intracorporeal Padua ileal neobladders in 45 patients (17). 
The overall incidence of perioperative 30- and 180-day com-
plications were 44.4%, 57.8%, and 77.8%, respectively, 
while severe complications occurred in 17.8%, 17.8%, and 
35.5%, respectively [17]. IRCC evaluated outcomes of 
1000 ≤ pT3 and 118 pT4 patients in a multicenter study who 
underwent RARC. The median blood loss was 350 mL. The 
complication rate was similar (54% vs 58%; P = 0.64) among 
≤pT3 and pT4 patients, respectively. The overall 30- and 
90-day mortality rate was 0.4% and 1.8% vs 4.2% and 8.5% 
for ≤pT3 vs pT4 patients (P < 0.001), respectively [18].

Due to the published literature, RARC with extracorpo-
real and intracorporeal seem to have acceptable complication 
rates. However, particularly series with intracorporeal uri-
nary diversion have limited numbers of patients. Therefore, 
the outcomes should be interpreted cautiously.

 Functional Outcomes

Functional outcomes include urinary continence and erectile 
functions in males following RARC. In our initial series of 27 

patients with RARC and intracorporeal Studer pouch recon-
struction, of the available 18 patients, 11 were fully continent, 
4 had mild, and 2 had severe daytime incontinence [14].

Due to the results from the Karolinska Institutet that 
included 70 patients with RARC and totally intracorporeal 
modified Studer ileal neobladder formation, daytime conti-
nence and satisfactory sexual erectile function at 1  year 
were reported at 70% and 90%, respectively [19]. Torrey 
et al. also reported the functional outcomes of 34 patients 
who underwent RARC with Indiana pouch continent cuta-
neous urinary diversion (n = 31), and 30 patients (97%) had 
daytime and nighttime continence at a mean follow-up of 
20.1  months [20]. Very recently, Asimakopoulos et  al. 
reported the outcomes of 40 men with clinically localized 
bladder cancer whom underwent nerve and seminal vesicle 
sparing RARC with a modified Y-shaped orthotopic neo-
bladder by the same surgeon [21]. The 1-year nocturnal con-
tinence rate was 72.5%. Erectile function returned to normal, 
defined as an IIEF-6 score greater than 17, in 77.5% of the 
patients within 3  months, while 72.5% of the patients 
returned to the preoperative IIEF-6 score within 1 year [21].

In summary, although the experience in the literature is 
limited with RARC with intracorporeal ileal neobladder for-
mation, promising functional outcomes have been reported 
by few authors.

 Open Versus Robotic Approach

The number of publications comparing open versus robotic 
approach is limited in the literature. In addition, the numbers 
of patients included in these studies are also limited.

Although some studies reported longer operation times in 
the robotic approach [22–25], others reported similar out-
comes [26–28]. Many studies reported decreased intraopera-
tive blood loss [22–25, 28, 29] and transfusion rates [25, 28] 
in the robotic group. Positive SM rates [22–24, 26, 28–31] 
and LN yields [22–24, 26, 28–31] were detected to be similar 
in most studies. In terms of complications, many studies sug-
gested similar outcomes [22, 24–27, 30–32]. However, others 
reported decreased complication rates in the robotic group 
[28]. In a randomized clinical trial comparing open (n = 124) 
versus robotic (n = 128) radical cystectomy, Bochner et al. 
reported similar complication rates, hospital stay, pathologic 
outcomes, and quality-of-life outcomes between the groups. 
On the other hand, lower estimated blood loss and longer 
operating time were detected in the robotic arm [33].

Although some studies suggested an advantage in the 
robotic group in terms of quicker return of bowel function 
[22, 23] and decreased time to resumption of a regular diet 
[23, 30], others suggested similar outcomes [26].

Recently, Shen and Sun published the outcomes of random-
ized trials of perioperative outcomes comparing robot-assisted 
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versus open radical cystectomy in a systematic review and 
meta-analysis [34]. In their study, significant differences were 
detected in terms of operative time favoring open group and 
estimated blood loss and time to diet favoring robotic group. No 
significant differences were detected in terms of complications, 
length of stay, positive SMs, and LN yield [34]. In a National 
Comparative Effectiveness Study by Hu et al. evaluating periop-
erative outcomes, health-care costs, and survival after robotic-
assisted versus open radical cystectomy that included 439 
patients in the robotic group and 7308 patients in the open 
group, greater LN yield and shorter hospital stay were identified 
in the robotic group, inpatient costs were similar, and overall 
survival and cancer-specific survival rates were similar [35].

In our own experience, we retrospectively compared open 
(n  =  42) versus robotic (n  =  32) radical cystectomy with 
intracorporeal Studer pouch and detected an advantages in 
the robotic group in terms of decreased blood loss, better 
preservation of neurovascular bundles, an increased lymph 
node yield, and a decreased rate of hospital readmissions for 
minor complication [36].

 Preoperative Planning

In our initial experience, although patients with a history of 
abdominopelvic radiotherapy and major abdominal surgery 
were excluded, currently we perform this complex procedure 
in this patient group in addition to patients older than 75 years 
old. Patients with comorbidities including pulmonary dis-
eases, cardiovascular diseases, and endocrine diseases are 
consulted with these departments in the preoperative period. 
Therefore, optimization of the comorbid medical diseases 
including anemia in the preoperative period is provided.

Improved cystectomy care quality with enhanced recovery 
(ERAS) protocols has been suggested by many publications 
[37–39]. Preoperatively, patient counseling is carried out with 
detailed information given to the patients about postoperative 
outcomes that we think could reduce anxiety. Although in the 
past an osmotic laxative is given for mechanical bowel prepa-
ration, currently no mechanical or laxative bowel preparation 
is suggested. The day before the surgery, patients are given 
oral alvimopan and a clear liquid diet. In addition, a high car-
bohydrate diet 2–3 days prior to operation is suggested unless 
the patient is diabetic. Intravenous antibiotics (cefoxitin) are 
administered during induction of general anesthesia. Heparin 
is administered 1 h before the surgical procedure.

 Setup

Setup is explained for da Vinci Xi (Intuitive Surgical, 
Sunnyvale, California). Initially, patient is placed in deep 
(30°) Trendelenburg position until robotic cystectomy, bilat-

eral extended pelvic lymph node dissection, and transposi-
tion of the left ureter under the mobilized sigmoid colon to 
the right side. If a tension-free urethra-intestinal anastomosis 
could be performed, patient position might be changed to 
mild (5°) Trendelenburg position just before starting to per-
form intracorporeal Studer pouch reconstruction. Port sites 
are presented in Fig.  31.1. Overall, five ports are placed. 
Initially, an 8  mm robotic port is placed 5  cm above the 
umbilicus for robotic 0 degree camera for robotic arm 3. 
Then, an 8 mm robotic port is inserted about 11 cm from the 
umbilicus on the right side for robotic arm 4. Thereafter, 
another 8 mm robotic port is inserted about 9 cm from the 
umbilicus on the left side for robotic arm 2. Between this 
port and the camera port, a 12 mm assistant port is inserted 
about 1–2  cm above the line connecting them. Lastly, a 
15 mm port is inserted about 2 cm above and medial to the 
left anterior superior iliac spine in order to introduce laparo-
scopic bowel staplers during division of the ileal segments. 
The rest of the time, an 8  mm robotic port is introduced 
through 15 mm port (port through port) for robotic arm 1. 
Maryland Bipolar Forceps, Tip-Up Fenestrated Grasper™, 
monopolar curved scissors (Hot Shears™), Large needle 
driver™, and a ProGrasp™ forceps are used. A 0° lens is 
used throughout the procedure.

 Procedure

Initially ileocecal valve and cecum are identified. A 10 cm or 
15 cm sized vascular tape is introduced into the abdomen in 
order to measure the length of the ileal segments. A 15–20 cm 

Fig. 31.1 Port sites, R1–4 are ports for robotic arms, and A is the port 
for assistant surgeon
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terminal ileal segment starting from the cecum is spared. 
Starting from there, a 10 cm ileal segment is measured that is 
going to be anastomosed to the urethra. At that point on the 
ileum, an incision is made on the anti-mesenteric side with 
monopolar curved scissors. An anastomosis between the ure-
thra and ileum is performed by using a double-armed bidi-
rectional 3/0 PGA-PCL monofilament absorbable suture 
(17  mm, 1/2 circle, RB-1, taper point, 16x16 cm, 
STRATAFIX, Ethicon®) (Fig. 31.2). A 20 F Foley urethral 
catheter is inserted through the urethra, and its balloon is 
inflated with 3 cc sterile saline.

If the meso of the ileum is short, that will be anastomosed 
to the urethra, and for that reason if it is not possible to 
approximate the ileum to the urethra, several maneuvers 
could be done in order to overcome this problem including 
applying a perineal push and applying a vascular tape at the 
most dependent part of the segregated ileal segment for ure-
teroileal anastomosis that could be used for further traction; 
balloon of the Foley catheter could be further inflated and 
could be used for traction, and lastly transverse superficial 
peritoneal incisions on the meso could be made.

A 40 cm ileal segment on the left side of ureteroileal anas-
tomosis is assigned for the pouch. Overall, a 50 cm ileal seg-
ment (10 cm on the right side and 40 cm on the left side on 
the ureteroileal anastomosis) is used for the Studer pouch. 
The first robotic arm is removed out though the 15-mm-sized 
port on the very left side, and laparoscopic ileal stapler is 
introduced in order to divide the ileal segments and perform 
side-to-side ileo-ileal anastomosis (overall, four 60 mm and 
two 45  mm EndoGia™ articulating medium/thick reload, 
Covidien® laparoscopic staplers are used). Laparoscopic 
ileal staplers are applied at the points sparing 40 cm ileum on 
the left side and 10 cm ileum on the right side starting from 
the anastomosis between urethra and ileum. Staplers are 

placed perpendicular across the ileum and adjacent mesoin-
testinum of approximately 2 cm (Fig. 31.3). Two 60 mm sta-
plers are used here. Then, incisions by using monopolar 
curved scissors are made on the anti-mesenteric sides of the 
ileal segments to perform for side-to-side anastomosis 
(Fig. 31.4). Initially, a 60 mm stapler is introduced through 
the bowel openings and is fired, and thereafter a 45 mm sta-
pler is also introduced and is fired in order to create enough 
space between ileo-ileal anastomosis (Fig.  31.5). Then, a 
60 mm and an additional 45 mm stapler are applied in order 
to complete the side-to-side ileo-ileal anastomosis (Fig. 31.6). 
The remnant stapled bowel tissue is taken out through the 
15 mm assistant port (Fig. 31.7).

Following completion of the side-to-side ileo-ileal anas-
tomosis, the next step is to reconstruct the Studer pouch. The 

Fig. 31.2 Anastomosis between urethra and ileum. Arrowhead, ure-
thra; arrow, ileum; *, anastomosis

Fig. 31.3 Laparoscopic stapler is placed perpendicular across the 
ileum

Fig. 31.4 Incision made by using monopolar curved scissors on the 
anti-mesenteric side of the ileal segment in order to perform a side-to-
side anastomosis
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last (proximal) 10 cm ileal segment of the ileum to be used 
for the Studer pouch on the left side is spared as chimney/
afferent loop, and the anti-mesenteric border of the remain-
ing ileal segment is incised all the way long for detubulariza-
tion (Fig. 31.8). It is important not to make the incision line 
close to the previously performed ureteroileal anastomosis in 
order to prevent disruption. Initially, closure of the posterior 
wall is completed by asymmetric closure. At the beginning, 
4–5 interrupted 3/0 vicryl sutures are put for reinforcement. 
Thereafter, 2–3  V-LOC™ 180 absorbable wound closure 
device (3/0, 1/2 circle, 17 mm, taper point, CV-23, 30 cm, 
Covidien®) is used for posterior closure (Fig. 31.9).

In order to accomplish an asymmetric anterior wall clo-
sure, a 3/0 Vicryl suture is used in order to close the anterior 
wall of the pouch leaving the proximal redundant wall on the 

Fig. 31.5 A 60 mm laparoscopic bowel stapler is introduced through 
the ileal openings for ileo-ileal anastomosis. Arrow: stapler line

Fig. 31.6 A 60 mm laparoscopic bowel stapler is applied in order to 
complete the side-to-side ileo-ileal anastomosis

Fig. 31.7 A 45 mm laparoscopic bowel stapler (arrowhead) is applied, 
and the remnant stapled bowel tissue (arrow) will be taken out through 
the 15 mm assistant port on the left side of the abdomen

Fig. 31.8 Anti-mesenteric border of the ileal segment is incised all the 
way long for detubularization

Fig. 31.9 A V-LOC™ 180 absorbable wound closure device (3/0, 1/2 
circle, 17 mm, taper point, CV-23, 30 cm, Covidien®) is used for pos-
terior closure
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left open (Fig. 31.10). This opening will be closed at the end 
following introduction of the ureteral stents into the pouch. 
V-LOC™ 180 absorbable wound closure device (3/0, 1/2 
circle, 17  mm, taper point, CV-23, 30  cm, Covidien®) is 
again used for anterior wall closure (Fig. 31.11).

The next step is performing a Wallace-type uretero-ure-
teral anastomosis. Ureters are spatulated longitudinally with 
monopolar curved scissors without applying any energy 
(Fig. 31.12). A 4/0 monocryl suture (15 mm, 1/2 circle, taper 
point, 15 cm, Tekmon®) is used to form the posterior plate 
(Fig. 31.13).

Thereafter, stapler line is excised at the proximal end of 
the afferent loop. Afterwards two ureteral stents (8F, 70 cm) 
are inserted in the midline through the abdominal wall by 

Seldinger method and into the abdominal cavity by the bed-
side assistant surgeon. Initially, the soft end of the glide wire 
is introduced, and over the glide wire, the ureteral stent is 
advanced. They are taken through the anterior wall of the 
pouch (as proximal redundant wall on the left open afferent 
loop) and introduced into both renal pelvis (Fig. 31.14). An 
anastomosis is made between Wallace-type uretero-ureteral 
anastomosis and proximal end of the afferent loop by using a 
17 mm, 1/2 circle, RB-1, taper point, 16x16 cm, STRATAFIX, 
Ethicon® suture starting from the 6 o’clock position with 
both needles. Alternatively, a double-armed 4/0 monocryl 
suture could also be used (Fig. 31.15).

Thereafter, the redundant ileal wall of the pouch is closed 
on itself with another running V-LOC™ 180 absorbable 
wound closure device (3/0, 1/2 circle, 17  mm, taper point, 
CV-23, 30 cm, Covidien®). While doing that, ureteral stents 

Fig. 31.10 An asymmetric anterior wall closure is accomplished by 
using a 3/0 vicryl suture or a V-LOC™ 180 absorbable wound closure 
device (3/0, 1/2 circle, 17 mm, taper point, CV-23, 30 cm, Covidien®) 
leaving the proximal redundant wall of the pouch left open

Fig. 31.11 V-LOC™ 180 absorbable wound closure device (3/0, 1/2 
circle, 17 mm, taper point, CV-23, 30 cm, Covidien®) is again used for 
anterior wall closure

Fig. 31.12 Ureters are spatulated longitudinally in order to make a 
Wallace-type uretero-ureteral anastomosis

Fig. 31.13 A 4/0 monocryl suture is used to form the posterior plate 
(arrow)
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are kept between the sutures. Lastly, afferent loop is fixed to 
the posterior peritoneum and is retroperitonealized (Fig. 31.16) 
by using a 3/0 vicryl suture. Completed Studer pouch is filled 
with saline in order to see a watertight pouch (Fig. 31.17).

 Postoperative Care

Nasogastric tube is removed on postoperative day 1 if no sig-
nificant drainage is present. On postoperative day 1, early 
mobilization and early oral nutrition (with clear fluids and 
nutrition drinks) are suggested. Sugar-free chewing gum 
could also be suggested. For bowel function, medications 
including alvimopan and metoclopramide are suggested, and 
home medications are also started. For pain control, acet-
aminophen or NSAIDs could be used. Patient is taught how 
to irrigate the neobladder by herself/himself. Deep breathing 

exercises are suggested, and flutter valve is given to the 
patient in order to improve pulmonary function. Low-
molecular-weight heparin is administered for vascular 
thromboembolic prophylaxis. Diet is advanced in the follow-
ing days as tolerated. Following passing flatus, a regular diet 
is suggested. Drain is removed when there is no sufficient 
drainage (less than 100 cc). In case of a sufficient drainage, 
drain creatinine could be checked. At least 1000  mL fluid 
intake and normal diet are achieved before discharge. Stents 
are removed on postoperative day 14 [37, 38].

On postoperative day 21, cystography was performed by 
filling the bladder with 200 mL diluted contrast material. If 
no leakage was observed, the urethral catheter was removed; 
otherwise, the urethral catheter was kept for 1 more week for 
another cystography [40].

Fig. 31.14 Insertion of singe-J stents into the ureters and renal pelvis

Fig. 31.15 Anastomosis between Wallace-type uretero-ureteral anas-
tomosis (arrow) and proximal end of the afferent loop (arrowhead)

Fig. 31.16 Afferent loop fixed to the posterior peritoneum and is retro-
peritonealized. Arrow, afferent loop; arrowhead, peritoneum

Fig. 31.17 Appearance of completed Studer pouch (arrow) filled with 
sterile saline in order to see a watertight pouch. Arrowhead: afferent 
loop. In this particular case, due to a right ureteric duplication, three 
singe-J stents were inserted
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Postoperatively, patients were evaluated at 6  weeks, 
3 months, and every 6 months thereafter with clinical exami-
nation and tests including serum creatinine, blood urea nitro-
gen, serum electrolytes, blood gas analyses, urine cytology, 
urine culture, and ultrasonography of the abdomen. Chest 
radiography, cystography, and urography were performed 
after 3, 6, and 12  months. Abdominopelvic CT was per-
formed at 6 months and once a year thereafter [40].
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Robotic CABG

Scott C. DeRoo and Micahel Argenziano

 Introduction

Coronary artery disease (CAD) remains one of the leading 
causes of death, being responsible for over eight million 
deaths worldwide and greater than 600,000 deaths in the 
USA annually [1, 2]. Over the past several decades, the pre-
vention and treatment of coronary artery disease have under-
gone significant change and improvement; however, the 
persistently high morbidity and mortality of this condition 
remain a challenging clinical problem. Current treatment of 
CAD focuses largely on primary medical prevention through 
the use of statin medications; however, severe or symptom-
atic CAD is subject to more invasive and definitive manage-
ment. At present, there are two main options for the treatment 
of CAD: percutaneous coronary intervention (PCI) and/or 
surgical revascularization.

Surgical revascularization was first pioneered in the early 
1960s when a saphenous vein was grafted from the aorta to 
a coronary vessel [3]. Since that time the procedure has 
undergone multiple refinements; however, the overall prin-
ciple of restoring blood flow to an occluded coronary artery 
via a bypass graft has remained the same. In the modern era, 
the use of saphenous vein grafts has decreased in favor of 
arterial conduits and PCI, which have demonstrated 
improved patency when compared to saphenous veins. In 
particular, the unique physiologic properties of the internal 
mammary artery (IMA) have made it well-suited for use as 
a bypass conduit, and long-term patency rates in excess of 
95% at 10 years supersede that of saphenous vein grafts and 
drug-eluting stents [4]. Use of the left IMA (LIMA) to 
bypass the left anterior descending artery has been demon-
strated to confer a significant survival advantage when com-

pared to both PCI and the use of vein grafts and continues to 
offer the greatest benefit to patients with regard to long-term 
survival.

Although LIMA-LAD has remained the “gold standard” 
for coronary revascularization, the use of additional arterial 
conduits or vein grafts to revascularize other coronary ves-
sels has recently come under scrutiny. Current generation 
drug-eluting stents demonstrate equal or superior patency 
when compared to vein grafts used to bypass non-LAD tar-
gets and spare patients from a traumatic, open cardiac sur-
gical procedure. The use of additional arterial conduits may 
result in patency rates similar to or greater than drug-elut-
ing stents; however, the adoption of total arterial revascu-
larization is not a widespread practice as it requires 
additional surgical expertise and comes with increased 
short-term risks such as a higher rate of sternal wound 
infection.

Given the significant survival advantage conferred by 
LIMA-LAD bypass, as well as improvements in DES and 
PCI, several clinicians have proposed a hybrid approach, 
in which LAD lesions are treated by LIMA-LAD bypass 
and all other coronary lesions with PCI in order to maxi-
mize the benefit and minimize risk associated with each 
procedure [5–7]. In order to minimize surgical risk as 
well as invasiveness of therapy, several groups began 
working toward a minimally invasive procedure through 
which an isolated LIMA-LAD bypass could be per-
formed. Although initial attempts at minimally invasive 
LIMA harvest and coronary anastomosis were performed 
thoracoscopically, it was not until the advent of the surgi-
cal robot that enthusiasm for this minimally invasive 
technique began to grow [8–10].

 Development and History of Robotic CABG

Minimally invasive CABG was initially developed in order 
to prevent patients from developing complications related to 
a full sternotomy and cardiopulmonary bypass. Initial 
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attempts at minimally invasive CABG utilized either an 
inferior hemisternotomy with conventional IMA harvest or 
 port-access thoracoscopic mammary artery harvest with 
LIMA-LAD anastomosis performed through a left anterior 
mini-thoracotomy [11]. Coronary anastomosis was then 
performed with or without the use of cardiopulmonary 
bypass depending on the nature of the specific case as well 
as surgeon preference. Given the complexity and steep 
learning curve of thoracoscopic mammary artery harvest, as 
well as the relatively superior results of CABG vs early-
generation stents, enthusiasm for the procedure remained 
limited.

In the year 2000 the DaVinci© Surgical Robot was 
approved for use (Intuitive Surgical Systems, California) 
and simplified both the learning curve and process of mini-
mally invasive mammary artery harvest. Despite initial 
enthusiasm, robotic multivessel CABG failed to gain sig-
nificant traction in the cardiac surgical community. Though 
multifactorial, a still-significant learning curve as well as 
concerns regarding completeness of revascularization 
likely contributed to a lack of enthusiasm in the cardiac sur-
gical community as a whole. Despite these concerns sev-
eral groups maintained an interest in minimally invasive 
robotic CABG and over time have demonstrated conclu-
sively that with experience, outcomes equivalent or supe-
rior to traditional CABG can be achieved [5–7, 12–14]. In 
part due to publicity achieved by these select groups, the 
total number of robotically performed CABG has been 
increasing, with the volume of robotic CABG as a percent-
age of total CABG increasing slightly from 0.59% in 2006 
to 0.97% in 2012 [15]. With the continued emergence of 
increasingly efficacious drug-eluting stents and percutane-
ous techniques, there appears to be renewed interest in 
robotic and minimally invasive CABG, not as an isolated 
procedure but as a component of a “hybrid” approach 
which combines the benefits of PCI and CABG while mini-
mizing risk and invasiveness.

 Types of Robotic CABG

Robotic CABG can be classified into three main groups with 
regard to the invasiveness of the procedure as well as the 
need for cardiopulmonary bypass. These groups include 
minimally invasive direct access coronary bypass 
(MIDCAB), on-pump totally endoscopic coronary artery 
bypass (TECAB), and off-pump TECAB. Although similar, 
each approach carries a unique set of risks and benefits, and 
the choice of which type of robotic CABG to perform should 
be carefully tailored to each patient with regard not only to 
patient-specific factors but also to institutional and individ-
ual surgeon expertise.

 Robotic MIDCAB

Robotic MIDCAB is performed similarly to thoracoscopic 
MIDCAB but relies on the use of the surgical robot for 
harvesting of the IMA. For harvest of the LIMA or RIMA, 
a robotic camera port is typically placed in the fourth inter-
costal space on the midclavicular line in the left chest. 
Carbon dioxide insufflation is used to create a controlled 
pneumothorax with pressures between 6 and 12  mmHg 
prior to introduction of the camera. Two additional instru-
ment ports are created: one in the third or fourth ICS on the 
anterior axillary line and the other in the sixth or seventh 
ICS on the anterior axillary line [16]. (Fig.  32.1). This 
allows for full visualization and access of the LAD, as well 
as the LIMA and RIMA.  Once ports are appropriately 
placed, the mediastinum is separated from the chest wall, 
and the LIMA or RIMA is harvested in a technique similar 
to open surgery. When the IMA harvest is complete, the 
center port is converted to a 4–5  cm anterior non-rib-
spreading mini-thoracotomy. A soft tissue retractor is posi-
tioned, pericardiotomy is performed, and the target 
coronary artery is identified (Fig.  32.2). A suction stabi-
lizer is passed through the inferior port incision and held 
by an attachment to the rib retractor, and standard off-
pump CABG techniques are used to perform an open coro-
nary anastomosis (Fig.  32.3). In some cases, multiple 
vessels may be bypassed if they are accessible via the ante-
rior mini-thoracotomy. In general, this is limited to diago-
nal branches or a ramus branch (Fig.  32.4). In the event 

Fig. 32.1 Preoperative marking of MIDCAB patient. The sternum as 
well as all appropriate interspaces are identified and marked. The ante-
rior axillary line is marked, as is the midclavicular line. Port sites as 
well as the location of the small anterior thoracotomy are identified and 
clearly demarcated. Careful preoperative planning is essential to the 
success of a MIDCAB procedure
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that the patient does not tolerate positioning for an off-
pump anastomosis, bypass may be initiated via peripheral 
cannulation.

 Total Endoscopic Coronary Artery Bypass 
(TECAB)

Total endoscopic coronary artery bypass (TECAB) is per-
formed similarly to robotic MIDCAB; however, the IMA to 
coronary artery anastomosis is performed in a totally endo-

scopic fashion with the aid of the robot (Fig. 32.5). Ports are 
placed in a similar location to that of robotic MIDCAB; how-
ever, after harvest of the IMA, tissue-stabilizing devices are 
placed via one to two additional ports. After satisfactory posi-

Fig. 32.2 Positioning for robotically assisted MIDCAB. A small 
approximately 4–5 cm anterior
thoracotomy is performed directly over the LAD.  A soft tissue 
retractor is in place, and a suction stabilization device is 
employed to reduce movement of the LAD during anastomosis.

Fig. 32.3 Close-up of the LIMA-LAD anastomosis performed with 
the aid of the suction stabilizer device. Note the importance of placing 
the mini-thoracotomy incision directly over the area of the LAD where 
anastomosis will take place

Fig. 32.4 Postoperative scars from multivessel robotically assisted 
MIDCAB. The patient in this image underwent LIMA-D1-LAD 
sequential grafting with robotic harvest of the LIMA.  The physical 
proximity of the LAD and D1 allows for a relatively small anterior 
mini-thoracotomy

Fig. 32.5 The surgical robot is prepared and docked with a patient 
undergoing TECAB
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tioning of the stabilizer devices, the surgeon must decide 
whether to proceed on an arrested heart or beating heart. The 
decision to utilize CPB or arrest the heart must be made on a 
patient by patient basis with specific regard to surgeon 
 experience, preference, and individual patient factors. Should 
the decision be made to proceed with the use of CPB, this is 
achieved peripherally with femoral arterial and venous can-
nulation, and if cardioplegic arrest is desired, it can be accom-
plished with a peripherally inserted endoaortic balloon or even 
a transthoracic aortic cross-clamp. After successful anastomo-
sis, the heart is reperfused and cardiopulmonary bypass 
weaned. Importantly, in order to utilize the endoaortic balloon, 
a patient must have appropriately sized femoral vessels free of 
atherosclerosis and tortuosity such that they can accommodate 
the relatively large size of the balloon catheter.

There are several options for performing an IMA to coro-
nary artery anastomosis in both MIDCAB and TECAB. Both 
techniques allow a skilled operator to perform a conventional 
suture anastomosis using polypropylene suture; however, this 
is a challenging procedure with a steep learning curve. 
Additional options for anastomosis include a sutureless anas-
tomotic device that provides a rapid, automatic anastomosis 
using several interrupted micro-stell clips [17]. The use of 
automatic anastomotic devices or a traditional suture anasto-
mosis requires considerable skill and specific expertise, and as 
a result only a small number of surgeons routinely choose to 
perform this technique. The relative difficulty of anastomosis 
is one reason for the lack of widespread popularity of TECAB.

 Sequence and Timing of Hybrid Robotic 
Revascularization

In general, most surgeons who perform MIDCAB or TECAB 
do so with the intention of performing only a LIMA-LAD 
anastomosis. Therefore, the remainder of coronary lesions 
must be treated with PCI. The decision as to whether per-
form PCI prior to CABG, at the same time as CABG, or after 
CABG remains debated, with each approach carrying advan-
tages and disadvantages.

In one-stage hybrid revascularization, PCI and CABG are 
performed in the same hybrid operating room in the same 
anesthesia setting. Typically, the LIMA-LAD anastomosis is 
performed first followed by PCI of the remaining lesions. 
When performed in this sequence, the LIMA-LAD bypass 
offers relative protection to the LAD territory during PCI and 
may allow for more complete revascularization via PCI [18]. 
Additionally, the patency of the LIMA-LAD anastomosis 
may be confirmed angiographically prior to leaving the oper-
ating room, and patients generally report a high level of sat-
isfaction with a “one-stop” procedure [19]. Disadvantages of 
this technique include longer operative times, higher costs, 
higher risk of kidney injury, risk of stent thrombosis, and 

higher bleeding risks [18]. The risk of bleeding is attribut-
able to the use of dual antiplatelet agents (DAPT), while the 
risk of stent thrombosis is due to the proinflammatory and 
hypercoagulable state that occurs following surgery [20, 21].

The most commonly utilized sequence for a two-stage 
hybrid revascularization is CABG prior to PCI. When per-
formed in this order, patients who can be fully heparinized for 
CABG are not on DAPT for prior stent placement and there-
fore have a lower risk of bleeding and have time to resolve the 
postsurgical inflammatory state [22] prior to PCI. Additionally, 
once PCI is performed, DAPT may be initiated and continued 
without interruption or increased risk of bleeding.

The performance of PCI prior to CABG is generally less 
preferable. It is often utilized for patients who present with 
an acute coronary syndrome with a non-LAD culprit. 
Advantages include prompt revascularization of culprit 
lesions and angiographic assessment of the LIMA; however, 
the disadvantages generally outweigh the advantages. These 
include a higher risk of bleeding as CABG is performed on 
DAPT and a higher risk of stent thrombosis given the proin-
flammatory and hypercoagulable state induced by surgery or 
protamine/platelet administration [22].

 Patient Selection for MIDCAB/TECAB

There are few absolute contraindications to robotic MIDCAB 
or TECAB; however, in general sicker patients are best served 
by a traditional open revascularization procedure or 
PCI. Absolute contraindications to TECAB include cardiogenic 
shock, hemodynamic instability, inability to tolerate single lung 
ventilation, and ascending aortic aneurysm/concomitant cardiac 
pathology. Relative contraindications include significant intra-
thoracic space limitations secondary to chest wall deformities, 
intrathoracic adhesions, previous cardiac/thoracic surgery, intra-
myocardial coronary arteries, and peripheral arterial disease.

 Outcomes

Evaluation of hybrid coronary revascularization (HCR) and min-
imally invasive CABG have been limited by the absence of a 
randomized, prospective, multicenter trial. Over the past two 
decades, the feasibility, safety, and efficacy of MIDCAB and 
TECAB have been evaluated largely through single-institution 
retrospective studies and meta-analyses. With respect to 
MIDCAB, from 1999 to 2009, 13 studies evaluated the safety 
and efficacy of hybrid coronary revascularization [19, 23–34]. 
Thirty-day mortality ranged from 0% to 1.4%, with most studies 
reporting a 0% 30-day mortality. Additionally, early outcomes 
were favorable with most studies reporting shorter intensive care 
stay, shorter duration of intubation, and shorter hospital stay. 
Recent studies have also confirmed these early results. Harskamp 
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et  al. compared both short- and midterm outcomes among 
patients undergoing hybrid coronary revascularization with 
patients undergoing traditional on-pump CABG. The incidence 
of a composite endpoint of death, MI, and stroke at 30 days was 
comparable between groups (3.3% vs 3.1%, p = 0.85); however, 
in-hospital morbidity (a combination of reoperation, renal fail-
ure, prolonged ventilation, and access-site infections) was mark-
edly lower in the HCR group (8.5% vs 15.5%, p = 0.005) [13]. 
Additionally, the need for blood transfusion was significantly 
lower in the HCR group, a result that has been observed in sev-
eral studies of HCR. These results have been further confirmed 
in a recent meta-analysis comparing HCR to conventional 
CABG. Among 6 observational studies including 1190 patients, 
366 of whom underwent HCR, HCR was associated with lower 
in-hospital need for blood transfusions, shorter length of stay, 
and faster return to work [35]. Again, no significant difference 
was found in the composite endpoint of death, MI, stroke, or 
repeat revascularization during the index hospitalization. 
Midterm results of HCR were similarly encouraging, with 5-year 
survival >90% and similar angiographic patency to conventional 
CABG. Overall aesthetic outcomes are excellent, with patients 
pleased with the lack of sternotomy incision (Fig. 32.6).

Importantly, one limitation of these studies is the hetero-
geneity of technique in HCR. Although most contemporary 
groups utilized a robot to perform mammary artery harvest, 
several studies did not utilize robotics for any portion of the 
HCR procedure, thus limiting conclusions regarding the 
robotic contribution to these results. Additionally, although 
most groups performed only LIMA-LAD bypass, several 
groups did perform multiple vessel bypass with encouraging 
results. However, given the myriad technical challenges 
associated with this procedure, it is unlikely that the results 
may be broadly applicable within the cardiac surgical 
community.

Given the procedural novelty and relatively low utiliza-
tion of TECAB, there is limited data regarding both short- 
and long-term outcomes. A meta-analysis by Seco and 
colleagues examined the outcomes of 14 studies evaluating 
TECAB [36]. A total of 880 beating heart TECABs 
(BHTECAB) and 360 arrested heart TECABs (AHTECAB) 
were examined, with 633 one-vessel operations and 357 two-
vessel operations included. Within the BHTECAB and 
AHTECAB cohorts, the intraoperative conversion rate was 
5.6% and 15.0%, all-cause mortality was 1.2% and 0.5%, 
stroke was 0.7% and 0.8%, myocardial infarction was 0.8% 
and 1.8%, and new-onset atrial fibrillation was 10.7% and 
5.1%, respectively. Interpretation of this data is confounded 
by the significant learning curve and associated with 
TECAB. Recently Srivastava et al. published a report of 164 
consecutive BHTECAB cases without a single intraoperative 
conversion and excellent postoperative outcomes, thus 
emphasizing the importance of procedural familiarity [37].

There is limited data regarding the angiographic patency of 
TECAB grafts in both the short and long term. Argenziano 
et al. performed a prospective multicenter trial of 98 patients 
undergoing AHTECAB. After exclusion of 13 patients intraop-

Fig. 32.6 Postoperative scar from robotically assisted MIDCAB (sin-
gle-vessel LIMA-LAD). Note the small scar placed in the left inframa-
mmary fold Fig. 32.7 Postoperative scars in a TECAB patient

32 Robotic CABG



266

eratively, they demonstrated no mortality and a freedom from 
reintervention or angiographic failure at 3 months of 91% [38]. 
According to Secco et al., short-term patency of 659 grafts per-
formed via BHTECAB was 98.3%, and 253 grafts performed 
via AHTECAB was 96.4% [36]. Long-term patency studies are 
limited by incomplete follow-up; however, Yang et  al. com-
pared 100 BHTECAB and 140 MINICAB patients and found 
a 3-year IMA patency rate of 97.1% in TECAB vs 96.4% in 
MINICAB patients [39]. These patency rates are comparable 
to those found in conventional CABG patients. The aesthetic 
outcomes from TECAB are impressive, as patients have only 
port-site incisions to heal (Fig. 32.7).

 Conclusions
Despite the steep learning curve and myriad challenges 
associated with robotic CABG, it remains an excellent 
choice for patients with limited disease when performed 
at experienced centers. Given the advancements in mini-
mally invasive technology, as well as patient preference 
for less invasive procedures, there is likely to be an 
increase in interest in robotic CABG. As this technique 
gains popularity, future studies are needed to better define 
both short-and long-term outcomes, as well as aid in 
patient selection. At present, the most promising applica-
tion of this procedure is in hybrid coronary revasculariza-
tion (HCR), which combines the long-term  survival 
benefit of the LIMA-LAD bypass with the lesser invasive-
ness (and potentially better patency) of PCI for non-LAD 
lesions. We are currently enrolling patients in a prospec-
tive, randomized trial comparing HCR to multivessel PCI 
and expect that the results of this study will inform the 
choices of patients and physicians considering option for 
multivessel coronary revascularization.
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Robotic Pulmonary  
Lobectomy and Segmentectomy

Michael Zervos, Costas Bizekis, Benjamin Wei, 
and Robert Cerfolio

 Introduction

Thoracic surgery has evolved since the initial published 
reports of pulmonary lobectomy by Drs. Norman Shenstone 
and Robert Janes from the Toronto General Hospital, in 
which they describe “a long incision... In the general direc-
tion of the ribs, passing just below the scapula,” or via a tho-
racotomy [1]. Since then, surgeons have found ways to 
improve on minimally invasive options thereby optimizing 
postoperative morbidity, recovery time, and pain. Minimally 
invasive lobectomy has traditionally been performed using 
video-assisted thoracoscopic surgery (VATS) techniques. 
The first robotic lobectomies were reported in 2003 by 
Morgan et al. and Ashton et al. [2, 3] Since then, the use of 
robotic technology for lobectomy has become increasingly 
common. In 2015, over 6000 robotic lobectomies were per-
formed in the United States, and over 8600 done 
worldwide.

 Initial Evaluation

The evaluation of candidates for robotic lobectomy 
includes the standard preoperative studies for patients 
undergoing pulmonary resection. For patients with sus-
pected or biopsy- proven lung cancer, whole-body PET-CT 
scan is currently the standard of care. Pulmonary function 
testing including measurement of diffusion capacity 
(DLCO) and spirometry is routine. Mediastinal staging 
can consist of either endobronchial ultrasound-guided 
fine-needle aspiration biopsy (EBUS-FNA) or mediasti-
noscopy, depending on expertise. Certain patients may 
warrant additional testing, including stress test, brain MRI 
if concern exists for metastatic disease, and/or dedicated 
computed tomography scan with intravenous contrast or 
MRI if concern exists for vascular or vertebral/nerve inva-
sion, respectively.

Investigators have shown that thoracoscopic lobectomy is 
safe in patients with a predicted postoperative forced expira-
tory volume (FEV1) or DLCO <40% of predicted [4]. We 
consider robotic lobectomy feasible in these patients as well. 
At present, we view vascular invasion, locally invasive T4 
lesions, Pancoast tumors, and massive tumor (>10  cm) as 
contraindications for a robotic approach to lobectomy. The 
need for reconstruction of the airway, chest wall invasion, the 
presence of induction chemotherapy and/or radiation, prior 
thoracic surgery, and hilar nodal disease are not contraindi-
cations for robotic-assisted lobectomy for experienced 
surgeons.

 Contraindications

Robotic-assisted pulmonary lobectomy can be considered 
for any patient deemed fit to tolerate conventional lobec-
tomy. The typical contraindications for lobectomy that apply 
to patients undergoing resection via thoracotomy would also 
apply to patients undergoing robotic lobectomy (e.g., pro-
hibitive lung function or medical comorbidities, multi- station 
N2, gross N2 disease, or evidence of N3 disease). Team 
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training, familiarity with equipment, troubleshooting, and 
preparation are critical for the successful performance of 
robotic lobectomy. Similar to VATS lobectomy, robotic 
lobectomy is associated with decreased rates of blood loss, 
blood transfusion, air leak, chest tube duration, length of 
stay, and mortality compared to thoracotomy. Therefore, 
robotic lobectomy offers many of the same benefits in peri-
operative morbidity and mortality, as well as some additional 
advantages in terms of optics, dexterity, and surgeon ergo-
nomics compared to VATS lobectomy.

 Key Points on Anatomy

Excellent knowledge of pulmonary anatomy and specifically 
the relationship of the hilar structures are needed to perform 
any anatomic lung resection, whether via thoracotomy, 
VATS, or robotic techniques. The view of the pulmonary 
hilum is different depending on the angle of approach. 
Whereas during a thoracotomy the surgeon is viewing the 
hilum from either the anterior or posterior direction, typi-
cally in VATS and robotic lobectomy, the camera approaches 
the hilum from an inferior direction. Retraction of the lung 
can change the orientation of structures considerably. That 
said, the relationship between structures remains the same 
regardless of how structures are approached and/or retracted. 
Knowledge of what risk exists when performing particular 
steps and moves during an operation is critical to avoid 
injury. Avoiding misidentification of structures and attention 
to aberrant or variable anatomy is also of paramount impor-
tance during robotic lobectomy or segmentectomy, where an 
injury can force conversion to an open operation and negate 
the benefit of attempting minimally invasive surgery.

 Conduct of Operation

 Preparation

A well-trained team that communicates effectively is a priority 
for successful performance of robotic lobectomy. Criteria for a 
well-trained team include documented scores of 80% or higher 
on simulator exercises, certificate of robotic safety training and 
cockpit awareness, weekly access to the robot, familiarity with 
the robot and the instruments, and a mastery of the pulmonary 
artery from both an anterior and posterior approach.

 Equipment

The da Vinci Surgical System is currently the only FDA- 
approved robotic system for lung surgery. The surgeon sits at 
a console some distance from the patient who is positioned on 

an operating table in close proximity to the robotic unit with 
its four robotic arms. The robotic arms incorporate remote 
center technology, in which a fixed point in space is defined, 
and about it, the surgical arms move so as to minimize stress 
on the thoracic wall during manipulations. The small propri-
etary EndoWrist instruments attached to the arms are capable 
of a wide range of high-precision movements. These are con-
trolled by the surgeon’s hand movements, via “master” instru-
ments at the console. The “master” instruments sense the 
surgeon’s hand movements and translate them electronically 
into scaled-down micro-movements to manipulate the small 
surgical instruments. Hand tremor is filtered out by a 6-Hz 
motion filter. The surgeon observes the operating field through 
console binoculars. The image comes from a maneuverable 
high-definition stereoscopic camera (endoscope) attached to 
one of the robot arms. The console also has foot pedals that 
allow the surgeon to engage and disengage different instru-
ment arms, reposition the console “master” controls without 
the instruments themselves moving, and activate electric cau-
tery. A second optional console allows tandem surgery and 
training. Da Vinci currently offers both the Xi and Si systems. 
The Xi system is the most recent edition of the robot and 
features an overhead boom that permits rotation of the instru-
ment arms, allowing for greater flexibility. Compared to the 
Si, the Xi also has thinner instrument arms, longer instru-
ments, lighter-weight camera with port hopping option, 
improved visualization, robotic stapling, integrated energy, 
near-infrared imaging, and stability of room setup. Currently, 
Xi is our preferred system for performing thoracic surgery.

Proper location of the robot should be established prior to 
the operation. If using a Xi system, the patient can remain 
with their head oriented toward the anesthesia station, and 
the robot can be driven in perpendicular to the patient’s body 
as a side dock (Fig.  33.1). Currently Xi has completely 
negated the need for altering patient positioning which is a 
greatly advantageous to thoracic surgeons.

270° PATIENT ACCESS

Fig. 33.1 Depiction of side-docking approach with Xi system
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 Patient Positioning/Port Placement

The patient is positioned in lateral decubitus with hips below 
the break of the operating table. Precise placement of the dou-
ble-lumen endotracheal tube and the ability to tolerate single-
lung ventilation should be established prior to draping the 
patient. Axillary rolls and arm boards are unnecessary 
(Fig. 33.2). The robotic ports are inserted in the 8th intercostal 
space for all lung resections unless size of patient dictates dif-
ferently. Typical port placement is shown in Fig. 33.3 for a right 
robotic lung resection. The ports are placed as is shown in the 
diagram and are placed in the 8th interspace. All of the ports are 
8 mm except for stapler port which is a 12 mm and the Airseal 
port which is a 5 mm or 12 mm port. The assistant port is trian-
gulated behind the camera port and the most anterior robotic 
stapling port, usually over the 11th rib in the 10th interspace 
without disrupting the diaphragm. Dual stapler cannulation can 
be used for certain cases when both anterior and posterior sta-
pling is required, i.e., right middle lobectomy and certain seg-

ments (Fig.  33.4). A zero- degree camera is used for most 
thoracic cases. A 30-degree up or down is helpful for certain 
cases, i.e., esophagectomy or lysis of adhesions. Insufflation 
with carbon dioxide is used to depress the diaphragm, decrease 
bleeding, and compress the lung, provide superior smoke evac-
uation and improved visualization. Our preference is to use the 
Airseal smoke evacuation- insufflation system (Conmed) as it is 
the most effective. When using this start at lower insufflation 
pressures of 5 mm Hg, and work your way up in order to avoid 
decreased venous return and hypotension.

a

b

Fig. 33.2 A Posterior view of patient in lateral decubitus positioned 
with only foam and tape B Anterior view of patient in lateral decubitus 
positioned with only foam and tape

Fig. 33.3 Total port approach with four arm placements for right-sided 
pulmonary lobectomy with da Vinci Xi: camera (C), left arm (L), fourth 
arm(4) and access port (A), and (S) stapling port

Fig. 33.4 Current port placement in 8th interspace with dual stapler 
cannulation, 4 arms, 5 mm air seal port. Camera (C), air seal 5 mm (A), 
12 mm stapler(anterior), 12 mm stapler (posterior), fourth arm 8 mm
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 Mediastinal Lymph Node Dissection

After examining the pleura to confirm the absence of metas-
tases, the next step when performing robotic lobectomy is 
removal of the mediastinal lymph nodes, for staging and also 
to help expose the structures of the hilum. Intrapulmonary 
lymph node dissection is clearly superior with robotic tech-
nology and facilitates anatomic sublobar lung resection.

• Right side – The inferior pulmonary ligament is divided. 
Lymph nodes at stations 9 and 8 are removed. The fourth 
robotic arm is used to retract the lower lobe medially and 
anteriorly in order to remove lymph nodes from subcari-
nal level 7. The fourth robotic arm is used to retract the 
upper lobe inferiorly during dissection of stations 2R and 
4R, clearing the space between the SVC anteriorly, the 
esophagus posteriorly, and the azygos vein inferiorly. 
Avoiding dissection too far superiorly can prevent injury 
to the right recurrent laryngeal nerve that wraps around 
the subclavian artery.

• Left side – The inferior pulmonary ligament is divided to 
facilitate the removal of lymph node station 9. The nodes 
in station 8 are then removed. Station 7 is accessed in the 
space between the inferior pulmonary vein and lower lobe 
bronchus, lateral to the esophagus. The lower lobe is 
retracted medially/anteriorly with the fourth arm during 
this process. Absence of the lower lobe facilitates dissec-
tion of level 7 from the left. Finally, the fourth robotic arm 
is used to wrap around the left upper lobe and press it 
inferiorly to allow dissection of stations 5 and 6. Care 
should be taken while working in the aortopulmonary 
window to avoid injury to the left recurrent laryngeal 
nerve. Station 2  L cannot typically be accessed during 
left-sided mediastinal lymph node dissection due to the 
presence of the aortic arch, but the 4 L node is commonly 
removed.

 Wedge Resection

Wedge resection of a nodule may be necessary to confirm the 
presence of cancer prior to proceeding with lobectomy. 
Because the current iteration of the robot does not offer tac-
tile feedback, special techniques may be necessary to iden-
tify a nodule that is not obvious on visual inspection. An 
empty ring forceps may be used via the assistant port to pal-
pate the nodule. Alternatively, preoperative marking of the 
nodule with a dye marker (methylene blue) or indocyanine 
green injected via navigational bronchoscopy can help facili-
tate localizing. Preoperative confirmation of a cancer diag-
nosis with tissue biopsy is helpful to avoid being unable to 
locate the nodule intraoperatively. In addition, near-infrared 
imaging of intravenously administered indocyanine green 

can be used to detect lung nodules; this capability is inte-
grated into the da Vinci Xi platform [5].

 The Five Lobectomies [6]

A certain degree of adaptability is necessary for performance 
of robotic lobectomy. Structures may be isolated and divided 
in the order that the patient’s individual anatomy permits. 
What follows is a description of an outline of the typical con-
duct of each lobectomy.

 Right Upper Lobectomy

• Our preferred approach is what we consider to be “the poste-
rior approach” through the fissure with division of the recur-
rent artery with anterior 30 ski tip robotic stapler followed by 
division of the right upper lobe bronchus with a 45 green 
stapler followed by removal of N1 nodes just anterior to the 
truncus. The truncus is divided next followed by division of 
the superior pulmonary vein. This approach avoids lung con-
gestion and bleeding after vein has been divided. Fissures are 
completed and specimen removed with retrieval bag.

Alternatively a medial to lateral approach can be taken: 
retraction of the right upper lobe laterally and posteriorly 
with fourth robotic arm helps expose the hilum.

• The bifurcation between the right upper and middle lobar 
veins is developed by dissecting it off the underlying pul-
monary artery.

• The 10R lymph node between the truncus branch and the 
superior pulmonary vein should be removed or swept up 
toward the lung, which exposes the truncus branch.

• The superior pulmonary vein is encircled with the vessel 
loop and then divided. The truncus branch is then divided.

• The right upper lobe is then reflected anteriorly to expose 
the bifurcation of the right main stem bronchus. There is 
usually a lymph node here that should be dissected out to 
expose the bifurcation. The right upper lobe bronchus is 
then encircled and divided. Care must be taken to apply 
only minimal retraction on the specimen in order to avoid 
tearing the remaining pulmonary artery branches.

• Finally the posterior segmental artery to the right upper 
lobe is exposed, the surrounding N1 nodes removed, and 
the artery encircled and divided.

• The upper lobe is reflected again posteriorly, and the ante-
rior aspect of the pulmonary artery is inspected to make 
sure that there are no arterial branches remaining. If not, 
then the fissure between the upper and middle lobes, and 
the upper and lower lobes, is then divided. This is typi-
cally done from anterior to posterior but may be done in 
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the reverse direction if the space between the pulmonary 
artery and right middle lobe is already developed. During 
completion of the fissure, the right upper lobe should be 
lifted up to ensure that the specimen bronchus is included 
in the specimen.

 Right Middle Lobectomy

• Retraction of the right middle lobe laterally and posteriorly 
with the accessory (4th) robotic arm helps expose the hilum.

• The bifurcation between the right upper and middle lobar 
veins is developed by dissecting it off the underlying pul-
monary artery. The right middle lobe vein is encircled and 
divided.

• The fissure between the right middle and lower lobes, if 
not complete, is divided from anterior to posterior. Care 
should be taken to avoid transecting segmental arteries to 
the right lower lobe.

• The right middle lobe bronchus is then isolated. It will be 
running from left to right in the fissure. Level 11 lymph 
nodes are dissected from around it. It is encircled and 
divided, taking care to avoid injuring the right middle 
lobar artery that is located directly behind it.

• Dissection of the fissure should continue posteriorly until 
the branches to the superior segment are identified. Then 
the one or two right middle lobar segmental arteries are 
isolated and divided.

• Stapling of middle lobar structures may be facilitated by 
passing the stapler from posterior to anterior, to have a 
greater working distance.

• The fissure between right middle and upper lobes is then 
divided.

• Dual stapler cannulation facilitates middle lobectomy by 
optimizing angles from which structures are divided.

 Right Lower Lobectomy

• The inferior pulmonary ligament should be divided to the 
level of the inferior pulmonary vein.

• The bifurcation of the right superior and inferior pulmo-
nary veins should be dissected out. The location of the 
right middle lobar vein should be positively identified to 
avoid inadvertent transection.

• A subadventitial plane on the ongoing pulmonary artery 
should be established. If the major fissure is not complete, 
then it should be divided. The superior segmental artery 
and the right middle lobe arterial branches are identified. 
The superior segmental artery is isolated and divided. The 
common trunk to right lower lobe basilar segments may 
be taken as long as this does not compromise the middle 
lobar segmental artery/arteries; otherwise, dissection may 

have to extend further distally to ensure safe division. 
Alternatively and preferably the pulmonary artery should 
be divided entirely to include basilar and superior seg-
ments. In the authors opinion, this is a safer approach.

• The inferior pulmonary vein is divided.
• The right lower lobe bronchus is isolated, taking care to 

visualize the right middle lobar bronchus crossing from 
left to right. The surrounding lymph nodes, as usual, are 
dissected and the bronchus divided. Ventilation of the 
lobe is generally unnecessary if proper stapler orientation 
is applied.

 Left Upper Lobectomy

• Retraction of the left upper lobe laterally and posteriorly 
with fourth robotic arm helps expose the hilum.

• The presence of both superior and inferior pulmonary 
veins is confirmed, and the bifurcation dissected.

• The lung is then reflected anteriorly with fourth robotic 
arm, and interlobar dissection is started, going from pos-
terior to anterior.

• If the fissure is not complete, then it will need to be 
divided. Reflecting the lung posteriorly again and estab-
lishing a subadventitial plane will be helpful. The 
branches to the lingula are encountered and divided in the 
fissure during this process. The posterior segmental artery 
is also isolated and divided. Division of the lingular artery 
or arteries can be done before or after division of the pos-
terior segmental artery.

• The superior pulmonary vein is isolated then divided. 
Because the superior pulmonary vein can be fairly wide, 
it may require that the lingular and upper division 
branches be transected separately.

• Often the next structure that can be divided readily will be 
the left upper lobar bronchus, as opposed to the anterior 
and apical arterial branches to the left upper lobe. The 
upper lobe bronchus should be encircled and divided, 
often passing the stapler from the robotic arm anteri-
orly in order to avoid injuring the main pulmonary artery.

• Finally, the remaining arterial branches are encircled and 
divided.

• Alternatively the lingular and posterior branches are 
divided followed by division of the left upper bronchus 
then division of anterior apical trunk and leaving vein last. 
This prevents congestions and bleeding from the lung.

 Left Lower Lobectomy

• The inferior pulmonary ligament should be divided to the 
level of the inferior pulmonary vein. The lower lobe is 
then reflected posteriorly by fourth robotic arm.
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• The bifurcation of the left superior and inferior pulmo-
nary veins should be dissected out.

• The lung is reflected anteriorly by fourth robotic arm. The 
superior segmental artery is identified. The posterior 
ascending arteries to the left upper lobe are frequently 
visible from this view also. The pulmonary artery to the 
lower lobe is divided with both basilar and superior seg-
ments. Similar to the right lower lobe, this is performed as 
we feel it to be a safer approach. The fissures should be 
completed.

• After division of the pulmonary artery, the lung is 
reflected again posteriorly. The inferior pulmonary vein 
is divided.

• The left lower lobe bronchus is isolated. The surrounding 
lymph nodes, as usual, are dissected and the bronchus 
divided.

• For left lower lobectomy, it may be simpler to wait until 
after resection is performed before targeting the subcari-
nal space for removal of level 7 lymph nodes.

 Segmentectomies

Firefly or injection of indocyanine green can be used when 
performing any segmentectomy. It is helpful to establish per-
fused versus non-perfused lung during near-infrared imag-
ing. This line is scored with bipolar to allow for more precise 
division of lung tissue.

 Posterior Segmentectomy of Right Upper Lobe

• For a posterior segmentectomy of the right upper lobe and 
for a superior segment of the right lower lobe, the triangle 
between the bronchus intermedius and the right upper 
lobe bronchus is identified.

• The station 11 lymph node is removed, and the poste-
rior segmental artery to the right upper lobe is identi-
fied. The fourth robotic arm is then used to retract the 
upper lobe inferiorly, while robotic arms are used to 
dissect out stations 2R and 4R, clearing the space 
between the superior vena cava anteriorly and the azy-
gos vein.

• The 10R lymph node between the right main stem bron-
chus and the pulmonary artery is then removed.

• The appropriate interlobar lymph nodes are removed; 
especially the ones that are adjacent to the bronchus are to 
be removed. In patients with non-small cell lung cancer, 
these are sent for frozen section analysis, and if results are 
positive, a lobectomy is performed.

• If a posterior segmentectomy is performed, the posterior 
segmental artery is dissected free, taking care not to injure 
the posterior segmental vein of the right upper lobe that 
courses just under the artery in the posterior fissure.

• Once the artery is stapled or ligated, the posterior seg-
mental vein is dissected free staying superior near the 
bronchus. It is encircled and then stapled or clipped.

• Now the bronchus can be dissected and the posterior seg-
ment and anterior-apical segments easily identified. The 
posterior bronchus is encircled and stapled, and it is then 
retracted cephalad by fourth robotic arm. This affords the 
pulmonary artery to the middle lobe and the lower lobe to 
be seen and preserved as the parenchyma is stapled to 
complete the segmentectomy.

 Superior Segmentectomy

• If a superior segmentectomy on the right side is to be per-
formed, the triangle between the bronchus intermedius 
and right upper lobe is identified. Bipolar dissection is 
carried down on the bronchus intermedius until the No. 
11 lymph node is identified and removed.

• The superior segmental artery is seen medially under the 
No. 12 lymph node. The superior segmental artery is 
encircled and stapled after the posterior superior segmen-
tal bronchus is bluntly dissected.

• Before stapling the superior segmental bronchus, the lung 
should be retracted medially using fourth robotic arm, iden-
tifying the inferior pulmonary vein. The superior segmental 
branch of the inferior pulmonary vein is the most cephalad 
branch of the inferior pulmonary vein. It can be individually 
encircled and should be stapled or ligated first if it is seen. 
Alternatively it can be divided with the fissure.

• The stapler can then more easily pass around the superior 
segmental bronchus and be ligated now that the vein has 
been ligated.

• On the left side, the superior segmental bronchus is gener-
ally accessible after the superior segmental vein (or 
artery) is isolated and divided. The superior segmental 
artery can be approached via the fissure. The superior seg-
mental vein is the cranial-most branch of the inferior pul-
monary vein and is isolated while retracting the lung 
anteriorly.

• There is not infrequently a second superior segmental 
artery found in the left lower lobe.

 Lingula-Sparing Upper Lobectomy

• A lingular artery-sparing trisegmentectomy (lingula- 
sparing upper lobectomy) is performed by removing the 
N2 lymph nodes and finding the pulmonary artery poste-
riorly, just cephalad to the inferior pulmonary vein after 
removal of the level 9, 8, and 7 lymph nodes.

• A complete fissure can be approached from the back by 
identifying the posterior segmental artery to the left upper 
lobe and dividing the artery and then working along the 
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pulmonary artery to identify the other branches and sta-
pling the posterior fissure along the way.

• The lingular artery is identified and preserved, as is the 
lingular bronchus.

• The 11 L lymph node is removed and sent for frozen sec-
tion analysis to ensure it is free of cancer.

• The lingular vein is identified and preserved, and the 
remaining pulmonary vein is then stapled. The left upper 
bronchus is now readily visible, and the lingular bronchus 
is easily identified and preserved.

• Once the anterior apical and posterior bronchi are all sta-
pled concomitantly, the anterior apical pulmonary arterial 
trunk can be stapled typically before the airway. The 
operation is finished by stapling the pulmonary paren-
chyma from a posterior robotic approach.

 Lingulectomy

• Lingulectomy can be performed with either a vein-first or 
artery-first technique.

• If performing a vein-first approach, the lung is retracted 
posteriorly, and the lingular vein is identified and divided. 
Then the lingular bronchus, which often is located fairly 
distally, is isolated and divided. Finally, the lingular arter-
ies are then isolated and divided.

• The fissure may also be approached first during a lingu-
lectomy. This provided the advantage of being able to 
assess the level 11 lymph node first, as if it is positive a 
lobectomy is a better oncologic operation if able to be 

tolerated by the patient. If negative, then the vein-first 
approach can be taken. Alternatively, the lingular arteries 
can be accessed via the fissure and divided first. Then the 
bronchus is divided, and finally the vein.

 Results

Robotic lobectomy can be performed with excellent perioper-
ative and long-term outcomes. Our median length of stay fol-
lowing robotic lobectomy is 3 days [7]. We have demonstrated 
a 30-day mortality rate of 0.25%, 90-day mortality rate of 
0.5%, and major morbidity rate of 9.6% in patients undergo-
ing robotic lobectomy and segmentectomy [8]. Similar to 
VATS, robotic lobectomy is associated with decreased rates of 
blood loss, blood transfusion, air leak, chest tube duration, 
length of stay, and mortality compared to thoracotomy [9–11]. 
Conversion rates of <1% to thoracotomy may be achieved, 
although 3–5% is more typically reported [6]. Vascular injury 
is rare and, when it does occur, can occasionally be repaired 
without converting to a thoracotomy [12]. Lymph node upstag-
ing rates and 5-year survival for robotic lobectomy are compa-
rable to lobectomy via thoracotomy and possibly improved 
versus VATS [13, 14]. Table  33.1 shows results reported in 
series of robotic-assisted lobectomies.

Robotic segmentectomies have been considered a more 
demanding technical operation than robotic lobectomy. One 
investigator found longer operative times (219  min vs 
175 min, p < 0.01) for robotic segmentectomy compared to 
robotic lobectomy. They found that patients undergoing 

Table 33.1 Results reported in series of robotic-assisted lobectomies

Year n Conversion rate Morbidity
Perioperative 
mortality Median LOS Notes

Cerfolio et al. 
[11]

2016 520 12% (first 100 
cases) → 3.3% 
(last 120 cases)

50% (first 100 
cases) → 4.2% 
(last 120 cases)

0.19% (30-day), 
0.57% (90-day)

3 days

Yang et al. [15] 2016 172 9% 26% 0% 4 days Equivalent OS and 
DFS at 5 years to 
VATS

Veronesi et al. 
[16]

2009 54 13% 20% 0% 4.5 days

Gharagozloo 
et al. [17]

2009 100 21% 3% 4 days

Echavarria et al. 
[18]

2016 208 9.6% 40.4% 1.44% (in 
hospital)

5 days

Louie et al. [10] 
(STS database)

2016 1220 Not reported No difference 
from VATS

0.3% (in 
hospital), 0.6% 
(30-day)

4 days 8.44% nodal 
upstaging

Toker et al. [19] 2016 102 (53% 
lobectomy)

4% 24% 2% (60-day) 5 days 
(mean)

104 min mean 
operative time

Adams et al. [20] 2014 116 3.3% No difference 
from VATS

0% (30-day) 4.7 days 
(mean)

Melfi et al. [21] 2014 229 10.5% (first 69 
cases), 5.6% (next 
160 cases)

22% and 15% 1.4% and 0% 4.4 days and 
3.8 days 
(mean)

LOS length of stay, QOL quality of life, OS overall survival, DFS disease-free survival
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robotic segmentectomies were more likely to have an effu-
sion or empyema, and pneumothorax after chest tube removal, 
than patients undergoing robotic lobectomy. We have demon-
strated that robotic segmentectomy can be performed with 
excellent technical and perioperative results (100 patients, 
88 minutes median operative time, 7% conversion rate, 10% 
major postoperative complication rate, 0% 30-day and 90-day 
mortality rate) [22]. Two other series of 21 and 17 patients 
also support the safety and feasibility of robotic segmentec-
tomy; both authors commented on the subjective advantages 
of lymphadenectomy using robotic techniques [23, 24]. The 
oncologic sequelae of and indications for performing seg-
mentectomy as opposed to lobectomy remain active areas of 
study for both VATS and robotic techniques.

One disadvantage of robotic lung resection compared to 
VATS lung resection is cost. On average, a robotic lobec-
tomy can cost an additional $3000–5000 per case due to the 
use of disposable instruments and the additional sunk cost of 
the robot itself and the maintenance plans required for 
employing the robot [15, 25]. Even with this additional cost, 
however, each robotic lobectomy yields an estimated median 
profit margin of around $3500 per patient [26].

 Conclusion
Robotic lobectomy and segmentectomy have been demon-
strated to be safe operations that can be done expeditiously 
and with low conversion rates. Perioperative morbidity and 
mortality are similar to VATS lobectomy/segmentectomy 
and improved compared to lung resection via thoracotomy. 
Long-term oncologic outcomes for robotic lobectomy mir-
ror those demonstrated following VATS and open lobec-
tomy. Improved optics, increased dexterity of the 
instruments, and better ergonomics can yield subjective 
advantages to the surgeon. With proper training and experi-
ence, robotic lobectomy can become part of the fundamen-
tal armamentarium of the modern thoracic surgeon.
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Robotic Esophagectomy

Roman V. Petrov, Charles T. Bakhos, and Abbas E. Abbas

 Anatomy

The esophagus is a tubular structure that connects the pharynx 
to the stomach. On its way it traverses three body areas and 
cavities – the neck, the chest, and the abdomen. It has a multi-
layered architecture, consisting of the mucosa with squamous 
epithelium, the submucosa (a strong layer of connective tissue 
and vasculature), and the muscularis propria, consisting of 
internal circular, and outer longitudinal layers. The esophagus 
has no serosal lining, except in the very distal intraabdominal 
portion, proximal to the gastroesophageal junction (GEJ) and 
is otherwise surrounded by an adventitia and mediastinal fat.

 History

Esophagectomy is most commonly performed for malig-
nancy and, occasionally, for end-stage benign diseases. The 
first successful esophagectomy for cancer was performed by 
Dr. Franz Torek in 1913 in New York. The author removed 
the thoracic esophagus, closed the distal end, and connected a 
cervical esophagostomy to a gastrostomy with an extracorpo-
real rubber tube. The patient, a 67-year-old female, survived 
for more than 11 years on a pureed diet [1]. Since then, more 
sophisticated approaches have been introduced with immedi-
ate reconstruction of alimentary tract continuity.

 Definition and Classification

Esophagectomy is a complex surgical procedure, involving 
the removal of part of the esophagus and replacing it with a 
suitable conduit, most commonly, a gastric tube.

Esophagectomy can be classified by several parameters, 
such as:

• Surgical approach to the esophagus for resection (i.e., 
transthoracic vs. transhiatal)

• Location of the anastomosis (neck, chest, abdomen)
• Type of the conduit – the stomach (whole or tubularized), 

colon, small bowel, or skin tubes
• Route of the conduit placement (native – posterior medi-

astinal bed, left or right chest, substernal or 
subcutaneous)

• Timing of the reconstruction (immediate vs. delayed)

 Classic Esophagectomy Procedures

Several classical esophagectomy procedures have been 
described. We will discuss the history of esophageal resec-
tion, with immediate or delayed reconstruction using a tubu-
larized gastric conduit. We will also review the current state 
of robotic-assisted esophagectomy.

 Transhiatal Esophagectomy (THE)

Transhiatal esophagectomy performed via laparotomy and 
a left cervical incision were reported as early as 1933 by 
Dr. Turner, who used an ante-thoracic skin tube to connect 
the esophageal stump and stomach in a second-stage pro-
cedure [2]. This approach was popularized by Dr. Orringer 
in 1978  in his initial report on 26 patients [3]. Until the 
development of minimally invasive port-based techniques, 
this procedure was regarded as “minimally invasive,” due 
to decreased pulmonary morbidity by avoiding thoracot-
omy. It was, however, challenged by a decrease in the 
lymph node (LN) yield, as well as increased risk of airway 
and cardiac injury from the blunt dissection, neck morbid-
ity (specifically recurrent laryngeal nerve (RLN) paraly-
sis), and higher incidence of anastomotic leaks. On the 
other hand, it was praised for the ease of management of 
leaks by simply opening of the wound and external drain-
age [4, 5].
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 Ivor Lewis Esophagectomy (ILE)

This procedure combines a laparotomy for the preparation of 
the gastric conduit, followed by right thoracotomy for esoph-
ageal resection and esophagogastrostomy, first described by 
Dr. Ivor Lewis in 1946 [6]. Its benefits include visual-guided 
dissection with a higher lymph node yield, lower incidence 
of anastomotic leaks due to shorter conduit, and avoidance of 
the neck morbidity. However, traditionally, intrathoracic 
leaks are harder to manage, and there is increased pulmonary 
morbidity. Proponents of this approach argue that although 
the proximal margin is shorter, it is usually sufficient, espe-
cially for GEJ adenocarcinomas. Another disadvantage is the 
full commitment to resection with division of the stomach 
prior to chest exploration, where surgeon can stumble upon 
unresectable malignancy, despite a thorough preoperative 
workup. Incomplete resection or esophageal bypass might be 
performed as a bailout plan in these circumstances [5, 7].

 McKeown Esophagectomy (MKE)

Described by K.  C. McKeown [8], this approach combines 
right thoracotomy, laparotomy, and a left cervicotomy. This 
allows visual control of intrathoracic dissection, minimizes 
sequelae of intrathoracic leaks, and allows better proximal 
margin, especially for more proximal squamous cell cancers. 
It also allows a three-field lymphadenectomy, with a potential 
for a higher LN yield [7, 8]. However, it combines the morbid-
ity of both the transthoracic and cervical approaches [9, 10].

 Left Thoracoabdominal Esophagectomy (TAE) 
(Sweet Esophagectomy)

Described by Richard Sweet in 1947 [11], this procedure is 
infrequently performed nowadays. It is performed via a left 
thoracoabdominal incision in the 9th interspace across the 
costal margin toward the umbilicus and usually requires divi-
sion of the diaphragm. Due to limitation of the exposure by 
the aortic arch in the left chest, resection is limited to the 
middle and lower esophagus, potentially compromising 
proximal oncologic margin [12].

 Left Thoracoabdominal Esophagectomy 
with Neck Anastomosis (Hugo Matthews 
Esophagectomy)

This modification combines a left cervicotomy for the proxi-
mal margin and left thoracoabdominal approach for visual 
control and mediastinal dissection. It combines the benefits 
and complications of both procedures. It was introduced into 
clinical practice by H.R. Matthews in 1976 and was reported 

in 1987 [13]. It has declined in clinical applications since the 
development of minimally invasive techniques.

 Minimally Invasive and Robotic Approaches

Since the introduction of minimally invasive techniques 
towards the end of the last century, it was natural to expect 
expansion of these approaches in an attempt to decrease the 
morbidity and mortality of this complex procedure [9, 14, 15]. 
A multitude of the approaches have been described with dif-
ferent combinations of laparoscopy, thoracoscopy and open 
approaches (hybrid techniques), or purely minimally invasive 
techniques to replicate the classical procedures [9, 16–18]. 
The robotic technology further advanced the field of mini-
mally invasive surgery by offering superior dexterity and visu-
alization, tremor filtration, improved ergonomics, and 
additional technologies with potential impact on outcomes, 
such as the near-infra red autoflourescence [18–23]. This, in 
turn, produced yet another multitude of different combinations 
of robotics, traditional thoracoscopy, and laparoscopy and 
sometimes opens approaches, sometimes complicating analy-
sis of outcomes, and meaningful comparison.

 Anesthesia Consideration

Esophagectomy is a major procedure and is performed under 
general anesthesia with endotracheal intubation. Single lung 
ventilation is necessary for the thoracic portion and usually 
is achieved with double-lumen endotracheal tube [16, 19]. 

Fig. 34.1 Lung isolation with single-lumen endotracheal tube with 
bronchial blocker
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In order to maximize working space and exposure positive 
pressure by capnothorax is usually employed in port-based 
techniques. Maintaining the intrathoracic pressure at 
8–10  mmHg displaces the mediastinum and diaphragm, 
maximizing the working space without negative hemody-
namic effects. That also facilitates lung atelectasis, and our 
group prefers to use single-lumen tube with bronchial 
blocker in that setting (Fig. 34.1).

 Preoperative Evaluation

Before undergoing an esophagectomy for cancer, patients 
require an extensive workup that is beyond the scope of this 
chapter. However, before committing to resection, an intra-
operative endoscopy should be performed for clear ana-
tomic definition of the tumor extent with potential 
implication on the surgical approach, location of the anasto-
mosis, and choice of the conduit. For example, a high proxi-
mal tumor extension might require a neck anastomosis even 
for surgeons who prefer a transthoracic (TTE) approach. 
Extension of the tumor onto the cardia and further onto the 
lesser curvature might render the stomach unusable and 
require the use of alternative conduit [16, 24]. Bronchoscopy 
is also performed on the table to clear tracheobronchial 
secretions and confirm absence of airway invasion by the 
esophageal tumor.

 Surgical Technique

 Robotic McKeown Esophagectomy

 Thoracic Part of the Procedure: Right Robotic-
Assisted Thoracoscopic Surgery (RATS)
The patient is positioned in the left lateral decubitus posi-
tion with slight flexion and 45° anterior tilting in a “semi-
prone” position. A total of four 8  mm ports are placed 
(Fig. 34.2).

The first is the “assistant port” placed at the seventh inter-
costal space (ICS), just anterior to the anterior axillary line. 
Capnothorax to a pressure of 8–10 mmHg is created. A 5 mm 
thoracoscope is placed and utilized for visual control of the 
placement of the remaining three ports. The camera port is 
placed at the sixth ICS, midaxillary line to be at the midpoint 
of the thoracic esophagus, about 2 inches below the azygos 
vein arch. Following this, another port is placed in the third 
ICS, midaxillary line for the right arm, and the final port is 
placed in the 9th ICS at the posterior axillary line for the left 
arm. Port placement can be verified with injection needle for 
fine-tuning of the precise location. To avoid robotic arm col-
lision, the port should be spaced at least 10  cm for the Si 
platform and 8 cm for the Xi.

For the dissection in the thoracic cavity, Vessel Sealer is 
placed in the right arm, while the left arm will use a bipolar 
fenestrated or Cadiere forceps. Bedside assistant will utilize 
initial assistant port to apply suction and in passing sutures, 
drains and controlling staplers if necessary.

 Steps of the Thoracic Part of the Procedure
The lung is retracted anteriorly, and the inferior pulmonary 
ligament is divided. The mediastinal pleura is divided longitu-
dinally anterior and posterior to the esophagus up to the level 
of the azygos vein arch. At this point, the esophagus is encir-
cled with Penrose drain, which facilitates the retraction. The 
vein is then dissected free and usually left intact unless the 
tumor is large (Fig.  34.3). Above the azygos vein, parietal 
pleura is kept intact to remain as a “tent,” covering the eventual 
conduit. This may help to “wall off” any cervical anastomotic 
leak from the chest. Both vagus nerves are divided bilaterally 
below the recurrent laryngeal nerve takeoff. The esophagus 
with all the lymph nodes and fatty tissue in between the azy-
gous vein, aorta, and pericardium is then dissected circumfer-
entially. The Vessel Sealer is especially useful in controlling 
bleeding from the aorto-esophageal blood vessels. All lymph 
nodes in subcarinal, periesophageal, and inferior pulmonary 
ligament stations are dissected with the esophagus. Superior 
and inferior paratracheal lymph nodes are dissected and 
removed separately. After completing esophageal dissection, 
Penrose drains are used to encircle the esophagus at both the 
thoracic inlet and the diaphragm (Fig. 34.4) and are tucked 
under the tissue to help in identifying the esophagus in the 
neck and in the hiatus. A flexible 24 French drain is placed 
next along the posterior esophageal gutter. The instruments are 
then removed, the robot is undocked, and the incisions are 
closed. The bronchial blocker is removed as the remainder of 
the procedure does not require lung isolation.

Fig. 34.2 Thoracic port placement for the robotic McKeown 
esophagectomy
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 Left Cervicotomy
The patient is repositioned into the supine position and a 
long soft medium size gel roll is placed under the left flank 
and left shoulder (Fig. 34.4). This facilitates both the place-
ment of the most lateral port in the abdomen and the cervical 
esophageal exposure. The head is turned to the right, and the 
skin is prepped from the abdomen to the neck in one field.

Cervicotomy is performed simultaneously with abdomi-
nal part through a 4 centimeter incision along the inferior 
anterior border of the left sternomastoid muscle. Carotid 
sheath and internal jugular vein are dissected laterally, and 
the prevertebral plain is developed. The Penrose drain around 
the esophagus from thoracic dissection is identified and 
delivered into the wound (Fig. 34.5). This facilitates the cir-
cumferential dissection of the cervical esophagus keeping 
the left recurrent laryngeal nerves away from the harm ways.

 Abdominal Part of the Procedure: Robotic-
Assisted Laparoscopic Surgery (RALS)
Pneumoperitoneum is created either with a Veress needle 
through the umbilicus or after the placement of the optical 
5 mm trocar. Next, a 12 mm port is placed in the linea alba 

just below the umbilicus and used for visual control via a 
regular laparoscope for correct placement of the robotic 
ports. The left-hand port is placed at the right midclavicular 
line, a hand width below the costal margin, few centimeters 
above the umbilicus. The camera port is positioned at the left 
paramedian line, an inch above the level of the umbilicus and 
below the lowest point of the greater curve of the stomach. 
Two remaining ports are placed on the same level – an inch 
above umbilicus. Right-hand port is located in the left mid-
clavicular line and hand width below the costal margin. 
Retraction port is placed maximally laterally in the flank, 
few centimeters below costal margin. For liver retraction we 
use a flexible retractor through a 5 mm port in the right flank 
which is secured in place with table mount (Fig.  34.6). 
Before robot docking, the patient is transitioned into steep 
reverse Trendelenburg position to use gravity in retraction of 
the omentum and the loops of bowel and facilitate the 
exposure.

During the dissection, the right flank arm is used mainly 
for retraction utilizing a non-traumatic double fenestrated or 
tip-up fenestrated grasper. The right-hand port is used for 
majority of the dissection and will mainly use the Vessel 
Sealer, which, with some practice, can be also used as a nee-
dle driver and suture cutter. During pyloromyotomy, this arm 
is switched for the bipolar Maryland forceps for fine dissec-
tion of the layers of the gastric wall. The left arm will mainly 
use the Fenestrated Bipolar or Cadiere Forceps to assist in 
dissection and retraction.

Fig. 34.3 The esophagus is encircled with the Penrose drain to aid 
with the retraction and exposure

Fig. 34.4 Positioning of the patient for the abdominal and cervical part 
of the procedure

Fig. 34.5 Identification and delivery of the upper Penrose drain into 
the cervicotomy wound
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 Steps of the Abdominal Part of the Procedure
Gastric dissection and conduit preparation begun by dividing 
the gastrohepatic ligament and dissection of the diaphrag-
matic hiatus (Fig. 34.7). At this stage to avoid entrance to the 
chest with loss intraperitoneal pressure and complicated 
exposure, the phrenoesophageal ligament was left intact 
until the end of the gastric mobilization. The gastrocolic liga-
ment is then opened at the level of the mid-body, dividing the 
short gastric vessels toward the fundus for complete mobili-
zation (Fig. 34.8). An omental flap, based on the shot gastric 
vessels, can be harvested at this stage for the later use in 
anastomotic coverage. After clearly identifying the location 
of the gastroepiploic pedicle, the greater omentum is divided, 
while keeping the pedicle intact, in a caudal direction toward 
the pylorus to the takeoff of the gastroepiploic artery from 
the gastroduodenal artery (Fig. 34.9). Extreme diligence is 
required during this stage, especially in obese individuals 
with excessive omental fat deposits, as injury to the vascular 
pedicle will render the stomach unusable as the conduit.

The attachments of the hepatic flexure are divided to 
allow exposure of the duodenum. Gentle “kocherization” is 
completed next by dividing lateral retroperitoneal attach-
ments of the duodenum. The goal is to achieve tension-free 
transposition of the pylorus to the level of the hiatus. This 
promotes a tension-free conduit placement. The pylorus is 
identified and can be dealt with according to the surgeon’s 
preference. We perform classical pyloromyotomy that is 
facilitated by a magnification and depth perception of the 

robotic platform. Stitch is applied to the pyloric muscle, and 
with the use of bipolar Maryland grasper, pyloric fibers are 
divided to the submucosal plane, which is developed without 
mucosotomy (Fig. 34.10).

The stomach is then retracted superiorly to expose retro-
gastric adhesions which are divided until the left gastric ped-
icle is identified. A complete nodal dissection is accomplished 
by mobilizing the lymphatic nodal tissue along the celiac 
artery toward the specimen. The left gastric artery is then 
divided with the linear stapler at its takeoff from the celiac 
artery (Fig. 34.11).

At this point, division of the phrenoesophageal ligament 
allows delivery of the Penrose drain into the abdomen, traction 
on which facilitated complete circumferential dissection of the 
gastroesophageal junction (Fig. 34.12). Attention at this point 
is turned to the formation of the gastric conduit. Nasogastric 
tube is pulled until into the thoracic esophagus. The stomach 

Fig. 34.6 Placement of the abdominal robotic ports, the assistant port, 
and the liver retractor

Fig. 34.7 Dissection of the gastrohepatic ligament on exposure of the 
hiatus

Fig. 34.8 Mobilization of the greater curvature of the stomach with 
division of the short gastric vessels
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is divided with a linear stapler, starting at the incisura and run-
ning along the greater curvature to the fundus to form a nar-
row, 5 cm gastric tube (Fig. 34.13). Attention is paid to avoid 
the common mistake of stapling too close to the esophagogas-
tric junction (EGJ) as this might compromise lateral margin at 
the GEJ and might also have negative impact on the final con-
duit length. Perfect aligning of the tissue is required at this 
stage by stretching the stomach with all robotic arms to avoid 
spiraling of the staple line and folding of the posterior wall. 
After completing the conduit, its proximal end is secured to 
the distal end of the specimen with a silk stitch.

Under vigilant visual control from the surgeon on the con-
sole to assure appropriate conduit placement without axial 
torsion, the assistant delivers the esophagogastric specimen 
along with the attached conduit into the cervicotomy wound 
by constant gentle traction (Fig. 34.14). After surgeon is sat-
isfied with conduit placement, diaphragmatic hiatus is closed 

Fig. 34.9 Division of the gastrocolic ligament caudally for complete 
mobilization of the greater curvature up to the takeoff of the gastroepi-
ploic artery

Fig. 34.10 Robotic pyloromyotomy

Fig. 34.11 Division of the left gastric pedicle

Fig. 34.12 Circumferential esophageal dissection after delivery of 
lower thoracic Penrose drain into the abdomen

Fig. 34.13 Formation of the narrow gastric tube
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around the conduit to avoid visceral herniation (Fig. 34.15). 
The robot is then undocked, and the surgeon returns to the 
operating table to complete the procedure.

The cervical anastomosis is completed according to sur-
geon’s preference. We prefer linear completely stapled side-
to-side technique, which is illustrated in the following 
images (Figs. 34.16, 34.17, and 34.18).

A laparoscopic feeding jejunostomy with 14 Fr jejunos-
tomy tube with the balloon is performed using a percutane-
ous Seldinger technique after undocking the robot 
(Figs. 34.19 and 34.20).

 Robotic Ivor Lewis Esophagectomy

The initial steps, including anesthesia, intubation, endos-
copy, and positioning for abdominal part of the procedure are 
identical to previously described steps.

 Abdominal Part of the Procedure: Robotic-
Assisted Laparoscopic Surgery (RALS)
The robotic gastric dissection and preparation of the gastric 
conduit is also identical to that described above. The excep-
tion is that since the conduit remains in the abdomen, it is not 
possible to close the hiatus, and thus it has to be accom-
plished later on from the chest. At the conclusion of the 
abdominal part, jejunostomy is placed if indicated.

 Thoracic Part of the Procedure: Right Robotic-
Assisted Thoracic Surgery (RATS)
After completion of the abdominal dissection, the patient is 
transitioned into left lateral decubitus position for thoracic 
part. However, due to higher complexity of the thoracic part, 

Fig. 34.14 Delivery of the specimen and the conduit into the cervi-
cotomy wound

Fig. 34.15 Closure of the hiatus around the conduit

Fig. 34.16 Extraction of the 
specimen and proximal 
division of the esophagus
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because of creation of the anastomosis, as opposed to the 
simple dissection, the location and number of ports differs 
from McKeown modification (Fig. 34.21). If robotic stapler 
is available, a 12 mm robotic stapling port is placed in the 8th 
ICS anterior axillary line. Two other robotic 8 mm ports are 
then placed also in the 8th ICS at the posterior axillary line 
and lateral to the paraspinal muscles. A third robotic 8 mm 
port is placed in the fifth ICS midaxillary line for retraction. 
If the plan is for robotic linear stapled anastomosis, we only 
place an 8 mm assistant port at the 9th ICS at the midclavicu-
lar line. However, if bedside stapling is planned, a 15 mm 
port is placed in the anterior axillary line through the dia-
phragm attachments below the costal margin.

Fig. 34.17 Advancement of the NGT after creation of the linear 
anastomosis

Fig. 34.18 Closure of the enterotomy with creation of the triangular 
anastomosis and resection of the excessive gastric conduit

Fig. 34.19 Jejunostomy. Placement of access needle

Fig. 34.20 Final view of the feeding jejunostomy with antitorsion 
stitch

Fig. 34.21 Placement of the robotic ports for the thoracic part of Ivor 
Lewis esophagectomy
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The superior robotic arm is used mainly for retraction, 
utilizing an atraumatic double fenestrated or tip-up fenes-
trated forceps. The right hand will use mainly the bipolar 
Vessel Sealer, alternating with the robotic stapler. The left 
arm will mainly use the bipolar fenestrated or Cadiere for-
ceps to assist in dissection, exposure, and hemostasis.

 Steps of the Thoracic Procedure
The lung is retracted anteriorly and the inferior pulmonary 
ligament is divided. The mediastinal pleura is opened longi-
tudinally both anterior and posterior to the esophagus up to 
the level of the azygos vein arch. The vein is then circumfer-
entially dissected free and divided with the robotic or hand-
held linear vascular stapler. The thoracic esophagus is then 
mobilized circumferentially with all the surrounding lym-
phatics and fatty tissue in between the azygos vein, aorta, 
and pericardium including a complete mediastinal nodal dis-
section. The vagus nerve is divided bilaterally below the 
recurrent laryngeal nerve takeoff.

After completing the circumferential dissection of the 
esophagus, the specimen and attached to it conduit are deliv-
ered into the chest, until the caudal end of conduit staple line 
is visible above the diaphragm (Fig. 34.22). Attention is paid 
to maintain proper orientation of the conduit to avoid axial 
torsion during the conduit delivery. The NGT is pulled back 
to 20 cm, and the esophagus is divided with a linear stapler 
just above the azygos vein arch (Fig. 34.23). The specimen is 
placed anteriorly to the lung until completion of the 
anastomosis.

There are different techniques for the formation of the 
anastomosis. We prefer a robotic side-to-side linear stapler 
technique. The conduit is placed in the native esophageal bed 
and medial to the esophageal stump. The conduit is secured 
to the medial aspect of the esophagus with two 2-0 silk 

sutures. The stapled end of the esophagus is opened at the 
medial end of the staple line. Likewise, a gastrotomy is cre-
ated in the lateral aspect of the conduit. A 45 mm robotic 
linear stapler is advanced into the lumen of the esophageal 
stump and gastric conduit and fired, creating the anastomosis 
(Fig. 34.24). Under direct vision the NGT is advanced into 
the caudal portion of the conduit. The enterotomy of the 
esophagogastrostomy is approximated with 2-0 silk stitches 
and then reinforced by firing another linear stapler 
(Fig. 34.25).

Another technique of the esophagogastrostomy is utiliz-
ing a circular stapler for the creation of the end-to-side anas-
tomosis. The entire esophageal staple line is resected using 
the Vessel Sealer. The assistant port is removed and enlarged 
to accommodate EEA anvil which is then passed inside the 
esophageal lumen. A purse-string running suture is applied 

Fig. 34.22 Delivery of the specimen and attached to it conduit into the 
chest

Fig. 34.23 Proximal division of the esophagus with the linear stapler

Fig. 34.24 Placement of the linear stapler for the esophagogastric 
anastomosis
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around it with 3-0 Prolene. A gastrotomy is made at the tip of 
the conduit, and the EEA stapler is advanced into the lumen. 
The spike is pushed through the conduit wall, opposite to the 
staple line, engaged to the anvil, tightened, and then fired, 
creating a circular anastomosis (Fig. 34.26). The tip of the 
conduit, containing the opening, is then transected with a lin-
ear stapler, providing closure. Specimen is retrieved in the 
plastic bag.

Alternatively, OrVil can be used for the placement of the 
EEA anvil. It represents an anvil, attached to the long plastic 
tube, which can be advanced transorally. Whereas it facilitated 
the placement by avoiding the need of the purse-string stitch, 
it comes in smaller sizes (not large than 25 mm) that poten-
tially can contribute to stricture formation and in author’s 
experience can fail to deploy appropriately for firing.

The diaphragmatic hiatus is closed with interrupted silk 
stitches around the conduit which is sutured to the right crus 
with 2-0 silk.

Finally, a flexible 24 French flexible drain is placed along 
the posterior esophageal gutter. The robotic instruments are 
then removed, the robot is undocked, and the incisions are 
closed.

 Extra-anatomic Substernal Reconstruction

Immediate reconstruction after esophagectomy almost 
always positions conduit in the native, posterior mediastinal 
bed. In cases of delayed reconstruction, when native bed is 
scarred and obliterated, palliative resection and esophageal 
bypass alternative routes might be employed. Among those, 
substernal route is most commonly utilized.

Patient is placed in supine position with the neck hyperex-
tended and the head turned to the right. If jejunostomy was 
previously established, left flank ports need to be placed 
superior and medial to jejunostomy loop.

 Abdominal Part of the Procedure
Initial port placement and conduit dissection is similar to 
previously described. Hiatus is dissected, and the esophagus 
is mobilized maximally high into posterior mediastinum if it 
hasn’t been done before. The esophagus is divided with lin-
ear stapler as high as in the mediastinum as possible. Hiatus 
then is completely closed in the interrupted fashion with 
nonabsorbable stitches (Fig. 34.27).

Sternal part of the diaphragm is dissected off of the poste-
rior table of the sternum for approximately 5 cm. With blunt 
and sharp dissection with both working arms, pericardium 
and mediastinal tissue is mobilized off of the sternum, creat-
ing retrosternal tunnel.

 Left Cervicotomy
Neck dissection is started simultaneously and performed as 
previously described. In delayed reconstruction cases, 
esophagostomy is dissected from the skin, and esophagus is 

Fig. 34.25 Closure of the esophagogastrostomy with linear stapler

Fig. 34.26 Technique of esophagogastrostomy with circular EEA 
stapler

Fig. 34.27 Closure of the hiatus with nonabsorbable sutures

R. V. Petrov et al.



287

mobilized for the sufficient distance for the anastomosis. 
Resection of the left sternoclavicular junction is performed 
next to prevent conduit compression and obstruction. 
Digital dissection is carried caudally, over the aortic arch to 
meet the dissection plane from the abdomen (Fig. 34.28).

 Delivery of the Conduit and Anastomosis

Umbilical tape is advanced from the cervicotomy wound 
into the abdomen through the tunnel and secured to the spec-
imen, which is removed. At this point (Fig. 34.29), cervical 
anastomosis is performed in one of the previously described 
fashions.

 Postoperative Management

Patients typically remain in the hospital until their thoracic 
and nasogastric drains are removed. This is usually achieved 
by postoperative days 4–5. They are discharged on enteral 

nutrition via the jejunal tube. A water-soluble esophagram is 
performed as an outpatient procedure on postoperative days 
10–14. When an esophageal leak is ruled out, the patient’s 
diet is advanced to oral fluids and later soft food. The diet is 
progressively advanced until full calorie intake is met via 
oral route. At this point, enteral nutrition is ceased, and if the 
patient maintains weight and oral intake, the jejunostomy 
tube is removed several weeks later. Postoperatively patients 
require rigorous support and are advised of lifestyle and diet 
modification with small frequent meals, avoiding eating 
before bedtime, sleeping with the head of bed elevated, and 
remaining on proton pump inhibitors (PPI) twice a day for 
life [25, 26].

 Early Postoperative Complications

 Cardiac Arrhythmias

Cardiac arrhythmias, especially atrial fibrillation, are com-
mon after thoracic surgical interventions. Development of 
the arrhythmia has been associated with anastomotic leaks. 
Rate and rhythm control is usually achieved with beta block-
ers and calcium channel blockers and amiodarone. 
Anticoagulation can be started when it is safe from surgical 
standpoint [27–29].

 Anastomotic Leaks

Anastomotic leak is defined as disruption of the integrity of 
the anastomosis, resulting in transposition of luminal content 
outside of the confines of the esophagus. Anastomotic leaks 
can be classified as grade 1/subclinical (radiological, bio-
chemical), not requiring change in management; grade II/
clinical minor, requiring conservative management without 
anastomotic intervention; grade III/clinical major, requiring 
reintervention; and grade IV/conduit necrosis, requiring sur-
gical diversion [30].

Anastomotic leaks usually present after the fifth postop-
erative day and could be as late as 3–4 weeks postoperatively. 
Once identified, endoscopy is performed to evaluate the 
extent of the dehiscence and rule out gastric tip necrosis. The 
leak is treated according to the extent of the anastomotic 
dehiscence. In cases of disruption of less than 50% of the 
circumference, conservative management with simple drain-
age or exclusion with covered stent is utilized [31, 32]. In 
cases of cervical anastomosis, the incision is opened to allow 
drainage of infection. Serial esophageal dilation to prevent 
structuring and distal obstruction seems to facilitate healing 
as well [4, 30]. Cases with complete disruption of the 
 anastomosis are treated as gastric tip necrosis [30, 33, 34]. 
Application of new endoscopic suturing overstitch device 

Fig. 34.28 Connection of the cervical and substernal dissection planes 
with surgeon digit identified in the tunnel

Fig. 34.29 Conduit is secured to the Penrose drain and is delivered to 
the neck

34 Robotic Esophagectomy



288

has been reported for the closure of fistulas, however, was 
less successful for management of anastomotic leaks [35].

 Gastric Tip (Conduit) Necrosis

This is a rare but potentially lethal complication related to 
ischemia of the gastric conduit. This usually requires take-
down of the anastomosis with resection of the ischemic por-
tion and diversion of the esophagus with a cervical 
esophagostomy [30]. The remaining healthy portion of the 
stomach is repositioned into the abdomen, and the hiatus is 
closed. Delayed reconstruction with either preserved rem-
nant of gastric conduit or alternative conduit can be per-
formed. It is recommended to perform gastrostomy to the tip 
of the conduit with bolus feeds postoperatively to avoid gas-
tric conduit contraction. It is necessary to identify these cases 
early to avoid the onset of sepsis [16, 19, 33, 34]. Firefly 
technology helps in assessment of the conduit perfusion and 
has a potential of decreasing incidence of the anastomotic 
leaks [20, 21].

 Airway Injury

It is a devastating complication, regardless of the 
approach. Intraoperative occurrence usually immediately 
detected. Presentation in early postoperative period is 
believed due to thermal injury to the posterior membra-
nous portions of the airway during mediastinal dissec-
tion. Once identified, it requires swift and radical 
intervention as delay leads to the development of the con-
duit airway fistula and results in severe lung soilage, sep-
sis, and unsalvageable situation. Repair requires 
thoracotomy with muscle flap buttressing of the airway 
and usually a takedown of the conduit with diversion 
esophagectomy and delayed reconstruction via extra-
anatomic routes [36–38]. Attempts of palliating with 
stents usually only delay the inevitable [39].

 Chylothorax

Prevention is the best management of thoracic duct injury. 
Preoperative administration of either heavy cream or vegeta-
ble oil has been shown to improve identification of the duct 
and decreased incidence of injury [40]. Some authors advo-
cate routine thoracic duct ligation to prevent this occurrence 
[41]. Although low-volume chylothorax, presumably due to 
small side branch injury, can be successfully treated with 
conservative measures such as fasting, octreotide, and TPN, 
most will require definitive intervention. Delayed repair may 
predispose to malnutrition, immunodeficiency, and dehydra-

tion. Ligation of the thoracic duct can be performed surgi-
cally via right chest approach. Administration of cream or 
olive via jejunostomy tube helps in identifying the source of 
chyle leak [42]. Alternatively, cisterna chyli embolization 
can be attempted, but this requires robust IR support and has 
various degree of success [43].

 Vocal Cord Paralysis

Although this complication is secondary to retraction and 
is usually self-limited, it may impact on the patient’s abil-
ity to clear pulmonary secretions and predispose patient to 
aspirations. Thorough speech pathologist evaluation is 
required postoperatively. If patient is aspirating, oral 
intake can be safely postponed with enteral nutrition until 
patient can undergo medialization or thyroplasty [5, 44, 
45].

 Conduit Obstruction

Early conduit obstruction is due to technical errors during 
conduit positioning and creation of the anastomosis. Axial 
torsion or kinking of the conduit can occur. As such, the best 
management is prevention of this occurrence with meticu-
lous attention to details during this part of the procedure. If 
identified early, especially intraoperatively, the best course 
of action is takedown and redo of the anastomosis. Many 
surgeons believe that conduit obstruction and subsequent 
leak can be due to pylorospasm as a consequence of denerva-
tion and routinely perform either full pyloroplasty or medical 
pyloromyotomy. Others avoid pyloric draining procedures in 
consideration of later complications such as dumping and 
bile reflux [32, 46, 47].

 Late Complications

 Anastomotic Stricture

Typically, patients present with late-onset dysphagia up to 
a year postoperatively. It is more common in patients who 
experienced anastomotic leak postoperatively. Usually, 
this can be managed endoscopically by serial endoscopic 
dilations. Repeat and maintenance procedures might be 
required. Refractory strictures may be ameliorated with 
temporary self-expanding covered stents, placed for 
4–6 weeks. In severe cases, endoscopic incision or surgi-
cal structureless can be considered [48, 49]. Endoscopic 
injection of the steroids has been shown to decrease rate 
of restricturing and number of the repeat interventions 
[50, 51].
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 Hiatal Hernia (Paraconduit Hernia)

This occurrence seems to be unique after minimally invasive 
esophagectomies believed to be related to inadequate hiatal clo-
sure and diminished adhesions formation postoperatively. These 
hernias do not have a sack, and significant portions of small and 
large bowel can translocate into the chest, compromising respi-
ratory mechanics and increasing the risk of strangulation. 
Surgical repair may be approached by means of a thoracotomy 
on the side of the herniation or laparotomy. Minimally invasive 
approaches have been reported successful as well [52–54].

 Delayed Conduit Emptying

This can lead to stasis in the conduit, chronic aspiration, and 
malnutrition. Thorough investigation is required to deter-
mine the cause of the problem. If pyloric drainage procedure 
has not been performed, pyloric obstruction can be the cause. 
Initially, endoluminal interventions (balloon dilation, botuli-
num toxin injection) can be trialed. Definitive drainage can 
be achieved with surgical pyloroplasty. Promising results 
have been reported with gastric peroral endoscopic myotomy 
(GPOEM) procedure [55].

 Conduit Redundancy

This is a consequence of a long-standing vagotomized con-
duit in the negative pressure environment of the chest, leading 
to conduit elongation and dilation with tortuosity and kink-
ing. Patients present with dysphagia, chronic aspiration, and 
malnutrition, usually many years after the procedure. Distal 
obstruction from pylorospasm might play a role and needs to 
be addressed. Reoperation might be the only option in severe 
cases. Careful dissection with preservation of vascular pedi-
cle of the conduit is necessary. After complete intrathoracic 
conduit mobilization, abdominal part commences with care-
ful dissection of the hiatus. Subsequently, conduit is straight-
ened by pulling down to eliminate redundancy. The hiatus is 
closed and pexy of the conduit to the hiatus is performed. 
Re-resection of the conduit with anastomosis at proximal end 
is rarely required. Retubularization of dilated conduit along 
previous stapling line might be performed [53, 56].

 Tracheoesophageal Fistula (TEF)

This is a serious complication, and when it occurs, careful 
evaluation for malignancy recurrence is required. Endoscopic 
palliation with covered stents or endoscopic fistula closure is 
possible. In severe cases conduit takedown and extra-ana-
tomic reconstruction might be undertaken [35–37, 57].

 Reflux and Barrett’s Esophagus

After esophagectomy with gastric conduit reconstruction, 
patient requires regular surveillance endoscopy to monitor 
for recurrence and development of Barrett’s esophagus due 
to acid reflux. Lifelong diet and lifestyle modification and 
chronic maximal dose PPI use are required. If patient devel-
ops Barrett’s esophagus, aggressive endoscopic treatment is 
required to prevent progression to metachronous malignancy 
[58, 59]. In cases of uncontrolled debilitating reflux, conver-
sion to Roux-en-Y or colon interposition has been described 
[60]. The use of pyloric drainage procedure was associated 
with increased prevalence of reflux esophagitis [46, 47].

 Recurrent or Metachronous Malignancy

Esophageal cancer usually recurs systemically with distant 
metastasis. However, even local recurrence carries poor 
prognosis. Recurrent malignancy usually develops within 
the first 3 years and occurs from regrowth of tumor deposits 
in the surrounding tissues and lymph nodes. It is rarely sal-
vageable; however, long-term survival has been reported in 
select group of patients [61, 62]. Usually, palliative interven-
tions for lumen restoration and enteral access are undertaken 
with savage chemoradiation.

Metachronous malignancy usually develops many years 
later and, due to mucosal origin, sometimes might be re-
resected. In cases of previously low anastomosis with enough 
length of esophageal stump, repeat resection and potential 
diversion or even extra-anatomic reconstruction may be 
 feasible. For early-stage malignancies, endoscopic resection 
can be undertaken [63].

 Outcomes of Robotic Esophagectomy

 Published Robotic Esophagectomy Series 
(Table 34.1)

The application of laparoscopic and thoracoscopic tech-
niques in esophageal cancer surgery has been well estab-
lished [16]. The robotic technology with its included digital 
processing offers additional advantages, particularly depth 
perception due to tridimensional view, wristed motion, mag-
nification, Firefly, and surgeons’ total control of all arms 
including camera and the stapler. The first robotic thoraco-
scopic mobilization of the esophagus was reported by Bodner 
and coauthors in 2004 in four patients along with the other 
procedures [64].

In 2007 Kernstine et al. reported one of the early series of 
totally robotic McKeown esophagectomy. Of 14 patients, 8 
had completely robotic procedures. Total average operating 
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room time was 11.1 h with console time of 5.0 h. Major com-
plications occurred in four (29%) of the patients – thoracic 
duct leak (one), severe pneumonia (one), anastomotic leak 
(two), and bilateral vocal cord paresis (one). There was one 
intraoperative right main stem bronchus injury. One patient 
died on POD 72 [65].

In another series by Sarkaria and colleagues, 16 (76%) out 
of 21 patients had received induction therapy. An R0 resec-
tion rate was achieved in 17 (81%) patients, and the median 
operative time was 556  min (range, 395–807  min), which 
decreased to 414  min (range, 405–543  min) for the last 5 
cases in the series. The median number of lymph nodes 
resected was 20 (range, 10–49). Five patients (24%) had 
major complications. One (5%) died of complications on 
postoperative day 70, and three (14%) had clinically signifi-
cant anastomotic leaks (grade II or greater). Three patients 
(14%) in this early experience developed airway fistulas [36].

Cerfolio and coauthors reported on his series of 92 
patients, undergoing robotic Ivor Lewis Esophagectomy. 
Seven initial patients were excluded due to open abdomi-
nal part of the procedure. Of 85 patients with robotic tho-
racic part, laparoscopy was used in 79 (92.9%), robotic 
approach in 5 (5.9%), and conversion to laparotomy was 
required in 1 (1.2%) patient due to stapling failure. Total 
procedure time (skin to skin) was 360 min with average 
blood loss on 35  ml and no intraoperative transfusions. 
Median lymph node yield was 22 and R0 resection was 
achieved in 99% (84/85). Median hospital stay was 
8  days (5–46  days). Morbidity occurred in 31 (36.4%) 
patients. Four patients had anastomotic leak and two had 
conduit necrosis requiring surgical intervention. Leaks 
occurred on average on POD 8 [4–15]. Thirty day in-
hospital mortality was 3 (3.5%), and 90  days mortality 
was 9 (10.6%) [19].

Table 34.1 Outcomes of published robotic esophagectomy series

Author and 
year

Number 
of 
patients Surgical approach

Procedure 
type LOS

OR time total/
consol LN yield Morbidity

Mortality 
(30 days/90 days)

Leak rate/
conduit 
necrosis

Kernstine, 
2007

14 RT, RL – (8) MKE 8–72 11.1 
(9.5–
13.2)/5.0 
(4.2–5.9), hrs

18 
(10–32)

93% 
(minor), 
29% 
(major)

0/7.1% 14.3%/−

Sarkaria, 
2013

21 RT, RL ILE – 
17, 
MKE – 4

10 
(7–70)

556 
(395–807)

20 
(10–49)

24% /4.9% 14%/0

Abbas, 
2013

33 RT, RL MKE 7 
(4–31)

310 
(270–340)

16 
(7–44)

39 3/3 6%/

Dylewski,
2013

20 RT, RL – 9 303 – – /10% 15%/

Carrera, 
2015

32 RT, RL MKE – 
11, 
ILE – 21

12 Console time 
218 
(190–285)

16 28.1 3.1%/ 21.875% 
/3.125%

Cerfolio, 
2015

85 RT (85), CL (79), 
RL (5), OL (1), 
(conversion)

ILE 8 361 
(283–489)

22 36.4% 3.5/10.6 4.3%/2.3

Hodari, 
2015

54 RT, CL ILE 12.9 
(7–37)

362 
(260–516)

16 
(3–35)

– 0/1.8% 5.5% + 1.8% 
(staple line)

Park, 2016 114 RT, CL/OL MKE 16 419.6 ± 7.9 
(consol time 
206.6 ± 5.2)

49 ± 1.9 – 3.5%/2.5% 14.9%

Chiu, 
2017

20 RT, OL (2), CL 
(18). Exteriorized 
conduit

MKE 13 ± 6 499 ± 70 18 ± 13 – – 15%/

Okusanya, 
2017

25 RT, 
RL. Conversion 
(CT 3, OL 1)

ILE 8 
(6–20)

661 
(503–902)

26 
(11–78)

– 4% 0/0

Amaral, 
2017

237 RT, RL/CL ILE 9 – – – – 15% (4% 
clinical)

Luketich, 
2012

1011 CT, CL, MKE 
481, ILE 
530

8 IQR 
(6-14)

21 – 1.7% total, 2.5% 
MKE, 0.9% ILE 
/2.8% total,3.95% 
MKE, 1.7% ILE

NB. Last study is presented for comparison as the largest minimally invasive esophagectomy series
MKE McKeown esophagectomy, ILE Ivor Lewis esophagectomy, RT Robotic thoracoscopy, RL Robotic laparoscopy, CT conventional thoracos-
copy, CL conventional laparoscopy, OT open thoracotomy, OL open laparotomy
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Carrera and coauthors report on their experience of 
robotic esophagectomy. Of 51 cases of minimally invasive 
esophagectomy, 32 patients underwent robotic esophagec-
tomy. There was 11 MKE and 21 ILE. Tumors located below 
30 cm from incisors were treated with TTE and above that 
with MKE. Twenty-nine patients received induction therapy. 
The thoracic part was performed in the prone position, and 
hand-sewn anastomosis was performed. Average console 
time was 218 min (190–285). Blood loss was 170 min. One 
(3%) patient died from cardiac causes. Major complications 
(Dindo-Clavien grade II and up) occurred in nine (28%) 
patients. Mean LOS was 12 [8–50] days. All patients had R0 
resection, and median LN yield was 16 [2–23]. In 21 patients 
with ILE, 4 (19%) patients developed grade I leak, all treated 
with covered stent placement. One (5%) patient developed 
grade IV leak, failing stenting and requiring surgical diver-
sion. There were four (19%) cases of chylothorax, two of 
which required surgical reintervention. In the 11 patients of 
MKE group, 2 (18%) patients developed grade II leak, 
treated conservatively, and 1 (9%) grade IV leak, requiring 
diversion [66].

Hodari et al. reported on their experience with hybrid ILE 
in 54 patients. Authors performed laparoscopic abdominal 
part of the procedure with robotic thoracic part. Authors esti-
mated that with the need of robot docking and undocking, 
robotic abdominal part will extend the total timing of the 
procedure for up to an hour. Forty-six (85%) had adenocarci-
noma and 3 (6%) had squamous cell carcinoma histology. 
Thirty-eight (70%) patients underwent induction therapy. 
Authors utilized Firefly technology for real-time perfusion 
assessment of the conduit. Of the total 3 (20%) leaks, all hap-
pened in first 15 patients, prior to the use of perfusion assess-
ment. One leak was traumatic due to reintubation and 
perforation by nasogastric tube, requiring surgical closure 
with muscle flap. One more leak from conduit staple line was 
due to technical error of stapling the NGT, requiring hand-
sewn closure. Mean ICU stay was 4.6 days and hospital stay 
of 12.9 days. All patients had R0 resection. Average LN yield 
was 16.2 (range 3–35) [21].

Park with coauthors summarized his experience in 
robotic-assisted thoracoscopic esophagectomy (RATE) vs 
standard thoracoscopic esophagectomy. Authors utilized 
robotic thoracoscopic mobilization with lymphadenectomy 
and laparoscopic (84 (73.7%) or open (30 (26.3%) abdomi-
nal part in McKeown esophagectomy. In the group of 114 
patients, 110 patients had squamous cell carcinoma. Fifteen 
(13%) received induction therapy. All but one patient under-
went RATE. Five patients had salvage esophagectomy. Total 
operation time was 419.6 ± 7.9 min with robot console time 
of 206.6 ± 5.2 min. Pulmonary complications developed in 
11 patients (9.6%). Seven patients (6%) needed reintubation 
or prolonged ventilator therapy in the ICU. RLN palsy was 
observed in 30 patients (26.3%): unilateral in 27 patients 
(23.7%) and bilateral in 3 patients (2.6%). Anastomotic leak 

developed in 17 patients (14.9%), and most of these were 
treated by drainage only. Reoperation was required in five 
patients (4.4%). Ninety-day mortality was 2.6% due to pneu-
monia [18].

In 2017 Park et al. in a follow-up analysis reported on the 
oncologic feasibility of his technique. Three years overall 
survival for the group was 85% and recurrence-free survival 
79.4%. Subgroup analysis demonstrated 3-year OS was 
94.4% in patients with stage I disease, 86.2% in patients with 
stage II disease, 77.8% in patients with stage IIIA disease, 
and 37.5% in patients with stage IIIB/C disease. The 3-year 
RFS was 96.2% in patients with stage I disease, 80.1% in 
patients with stage II disease, and 79.5% in patients with 
stage IIIA disease. Tumor recurrence within 2  years after 
operation developed in more than 80% of patients with stage 
IIIB/C disease. Authors believe these excellent outcomes 
related to high rate of R0 resection (97.4%) and high lymph 
nodes yield [49, 67].

Reporting on the Moffitt Cancer Center experience, 
Amaral and coauthors analyzed results of the 237 patients, 
undergoing robotic-assisted esophagectomy [68]. Fifteen 
percent of the patients developed anastomotic leak; however, 
only 4% required an intervention.

Senior author of this chapter has published his experience 
of 33 robotic esophagectomies in 2013 [24]. All patients 
underwent robotic-assisted MKE.  Postoperative complica-
tions developed in 39% of patients, with anastomotic leaks 
and chylothorax in 6% each. Mortality occurred in one (3%) 
patient on POD 12 due to mesenteric ischemia. Since that 
time the group experience has expanded, and presently an 
analysis of outcomes is underway.

Currently there is a monocenter randomized controlled 
trial underway, comparing result of robotic assisted vs open 
esophagectomy [69]. Publication of the results is anxiously 
awaited.

In summary, robotic surgery appears to offer advantages 
in surgical management of patient with esophageal cancer 
and benign conditions, requiring esophagectomy. Thorough 
staging workup is still obviously required. Meticulous surgi-
cal technique, diligent postoperative care, and timely inter-
vention for management of complications are required for 
the best outcomes. In the foreseeable future, with rising 
adoption and increased affordability of the robotic technol-
ogy, we fully expect near universal adoption of the robotics 
in the area of esophagectomy.
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Robotic Telemicrosurgery

Juan José Hidalgo Diaz, Nicola Santelmo, Fred Xavier, 
and Philippe Liverneaux

 Introduction

Microsurgery was developed in the 1960s from experimental 
work in animals. The first vascular microsurgical anastomo-
sis was performed in a rat in 1960 [1] and the first ear replan-
tation in a rabbit in 1966 [2]. Very quickly, applications were 
described in humans, and the first replantation of the thumb 
was published in 1965 [3]. Numerous applications have sub-
sequently been described in human clinical practice, includ-
ing vascular microsurgery and peripheral nerve microsurgery. 
As regards vascular microsurgery, technical advances have 
made it possible to successively perform replantations, free 
flaps, pedicled flaps, and more recently, perforator flaps [4]. 
Regarding microsurgery of the peripheral nerves, technical 
advances have made it possible to successively perform 
nerve sutures and nerve grafts, brachial plexus reconstruc-
tions, nerve transfers, and recently terminolateral nerve 
sutures [5].

Since the 1960s, microsurgery has undergone consider-
able development in its surgical indications, but no major 
technical advances have been observed, either visually or 
instrumentally. Although the operating microscopes are now 
digital, their magnification has not changed. These are 
always exoscopes that cannot penetrate inside the body. The 
instruments are now made of titanium, but their handling has 
not changed. They are always bulky instruments that cannot 

penetrate inside the body. A technological leap is observed in 
all industrial fields every 50 years. It is a safe bet that robot-
ics will be the technological leap of microsurgery for two 
main reasons: optical and instrumental. Robotics allows the 
use of endoscopes that can penetrate inside the body through 
minimally invasive routes. Robotics allows the use of minia-
turized instruments to subtract the physiological tremor and 
reduce the movements by the microsurgeon.

Robot-assisted microsurgery or telemicrosurgery offers 
two major advantages over conventional microsurgery: the 
minimally invasive surgical approaches and the use of more 
ergonomic hand gestures by reducing the movements.

 Literature Review

Robot-assisted microsurgery is of interest in the two major 
applications of microsurgery: vascular microsurgery [6] and 
peripheral nerve microsurgery [7]. Although many proto-
types have been recently designed, the da Vinci® robot is 
currently the only one used in clinical practice [8]. 
Microsurgery-specific instruments have been developed, 
such as the Black Diamond® clamps and the Pott® scissors, 
as well as microsurgical imaging devices such as a micro-
Doppler for detecting inframillimetric vessels [9]. Using 
these instruments and devices requires a learning curve [10]. 
The learning of robot-assisted microsurgery follows rules 
identical to those of conventional microsurgery and specific 
rules [11], validated by precise evaluation methods [12, 13].

Regarding vascular microsurgery, many experimental 
techniques have been described. The feasibility of microsur-
gical vascular anastomoses has been demonstrated in the 
artery of the rat tail [14], the forearm arteries of the human 
anatomical subject [15]. Pedicled flaps have been described 
by hand [16, 17]. Live pig feet replantation has been success-
fully performed [18]. The main clinical applications of 
robot-assisted vascular microsurgery are free flaps [19] for 
breast reconstruction [20], rectus abdominis [21–23], and 
latissimus dorsi [24–27]. Some have performed venous 
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grafts to reconstruct the ulnar artery as part of a hypothenar 
hammer syndrome [28].

Concerning nerve microsurgery of peripheral nerves, 
many experimental techniques have been described. The fea-
sibility of microsurgical nerve anastomoses has been demon-
strated in the rat sciatic nerve [7] and numerous nerve 
transfers in brachial plexus palsies such as intercostal nerve 
[29], phrenic nerve [30], the contralateral transfer of the C7 
root of the brachial plexus by two approaches [31] and a 
minimally invasive technique [32], the description of new 
approaches for the lower brachial plexus [33], the axillary 
nerve, and the nerve of the long head triceps [34] in the 
human anatomical subject.

The main clinical applications of robot-assisted periph-
eral nerve microsurgery are direct brachial plexus repairs by 
root [35] and indirect nerve transfusions of the long triceps 
nerve on the axillary nerve [36, 37] and of a motor fascicle of 
the ulnar nerve on the motor branch of the musculocutaneous 
nerve [38]. Some neurolyses have been proposed, such as the 
lateral femoral cutaneous nerve in the course of a meralgia 
paresthetica [39] or the median nerve in the carpal tunnel 
[40], as well as resection of nerve tumors [41, 42].

 Preoperative Planning

The robot-assisted microsurgery described herein by way of 
example relates to the peripheral nerves. The aim of this pro-
cedure is to recover the most important function in the event 
of complete paralysis of the brachial plexus: active flexion of 
the elbow. This is the robot-assisted transfer of intercostal 
nerves to the motor branch of the musculocutaneous nerve 
for the biceps muscle by intrathoracic minimally invasive 
approaches. The conventional technique for harvesting inter-
costal nerves requires a very extensive incision of dozens of 
centimeters [43]. The advantage of robot-assisted microsur-
gical techniques is to use only four incisions of 1 cm each for 
the placement of the tubes and the exit of the intercostal 
nerves from the thorax.

There is no specific planning for robotics in this indica-
tion. A trained thoracic surgeon must do the trocar place-
ment. A history of major thoracic trauma that could have 
caused intercostal nerve damage on the side to be operated is 
a relative contraindication.

 Setup

The procedure is performed in two stages: the first in lateral 
decubitus to harvest the intercostal nerves and the second in 
supine position to carry out the nerve transfer.

At the first stage, the patient is placed in lateral decubitus, 
on the opposite side to the surgical site. General anesthesia is 

performed with contralateral unipulmonary ventilation by 
selective intubation using a Carlens probe to clear the intra-
thoracic workspace. The incisions for the tubes are drawn 
against the eighth intercostal space so that all the instruments 
and endoscope can converge on the third and fourth intercos-
tal spaces (Fig.  35.1). The endoscopic camera trocar is 
installed first. A da Vinci SI® (Intuitive Surgical™, 
Sunnyvale, CA, USA) robot is placed at the patient’s head, 
and its arms are deployed in such a way that the amplitude of 
movement of the instruments and of the endoscopic camera 
allow access to the full length of the intercostal nerves to be 
taken, that is, to say from the mammary artery, in the front, 
to the pleural dome, in the rear (Fig. 35.2). An insufflation of 
approximately 12 mmHg is done on the endoscopic camera 
trocar to enlarge the workspace and reduce the parietal bleed-
ing. During the nerve harvesting phase, a bipolar Maryland® 
forceps and a pair of curved scissors are used.

Fig. 35.1 Preparation of surgical approaches. The patient is placed in 
the left lateral decubitus. Three incisions of 1 cm each are drawn along 
the eighth intercostal space in front of the axillary line (1), opposite the 
axillary line (2), and behind the axillary line (3). Incisions 1 and 3 are 
designed to accommodate the instrumental tubes and incision 2 the 
camera trocar of the da Vinci® robot. The tubes must allow the instru-
ments and the camera to stay in the workspace, along the third and 
fourth intercostal spaces
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In the second stage, the patient is placed in supine posi-
tion and the upper limb to operate rests on a surgical arm 
table. The incision is drawn on the medial side of the arm to 
give access to the motor branch of the musculocutaneous 
nerve for the biceps muscle. The da Vinci® robot is placed at 
the side edge of the patient’s arm, and the arms of the robot 
are deployed so that the instruments work on the medial edge 
of the patient’s arm. During the microsurgical suture phase 
of the intercostal nerves with the motor branch of the muscu-
locutaneous nerve, two Black Diamond® clamps and a pair 
of Pott® scissors are used.

 Procedure

In the first stage, the dissection begins with the most cranial 
intercostal nerve, in order to prevent the bleeding of the cau-
dal nerve from flowing over the most cranial nerve and inter-
fere with its dissection. In the present case, the dissection of 
the intercostal nerve of the fourth space will begin before 
that of the third space. The parietal pleura is then carefully 

opened at the lower edge of the rib to identify the nerve to be 
harvested without any damage (Fig.  35.3). As soon as the 
nerve is located, the parietal pleura is incised all along the 
nerve path, from the mammary artery to the pleural dome. 
The nerve is then freed from all its attachments along its 
length, and its sensory branches are severed. When the inter-
costal nerves and third and fourth spaces are completely 
released, the anterior extremities of the two nerves are cut 
near their anterior end (Fig.  35.4). A trocar is inserted 
between the two nerves at their posterior ends in the axilla to 
recover their anterior ends and to make them leave the thorax 
with the aid of an atraumatic forceps. The two intercostal 

Fig. 35.2 Installation of the da Vinci® robot. The patient is placed in 
the left lateral decubitus. The da Vinci® robot is placed at the patient’s 
head

Fig. 35.3 Intrathoracic view. Beginning of dissection of the nerve of 
the fourth intercostal space (arrow). The instruments cut the parietal 
pleura along the fourth intercostal space to reveal the nerve

Fig. 35.4 Intrathoracic view. End of the dissection of the nerves of the 
third and fourth intercostal spaces (arrows). The nerves have been sev-
ered at their anterior extremity and remain. The instruments look for the 
point of entry of the trocar intended to remove the intercostal nerves 
from their posterior extremities
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nerves are then exposed on the skin, wrapped in a moist com-
press, all applied hermetically by an adhesive dressing to 
avoid damage during the patient’s position change (Fig. 35.5). 
A thoracic drain is placed before modifying the lateral decu-
bitus to supine position.

In the second stage, after change of position, dissection 
begins with the musculocutaneous nerve whose motor 
branch for the biceps muscle is individualized as near as 
possible and then cut into the axilla to obtain a maximum 
length. A subcutaneous tunnel is made using a long clamp to 
connect the incision from the thorax of the intercostal nerves 
to the incision of the arm to the axilla. The nerve ends on the 
one hand of the motor branch of the musculocutaneous 
nerve for the biceps muscle and on the other hand of the two 
intercostal nerves which are confronted and then sutured 
using the robot da Vinci SI® with 2 points of nylon 10/0 
(Fig. 35.6). Biological glue is applied all around the suture 
area. The incisions are closed in a cutaneous plane without 
drainage.

 Postoperative Care

The operated upper limb is immobilized in a vest elbow to 
the body to avoid stressing the nerve suture and failure. The 
thoracic drain is removed on the second day, and the patient 
can return home on the third day. The patient is seen again in 
the third week to remove the elbow to the body, the dress-
ing, and the sutures. The rehabilitation of maintenance of 
joint mobility is undertaken for 6 weeks, and the patient is 
reviewed at the sixth month postoperative, to watch for the 
first signs of nerve recovery. The active flexion of the 
elbow is generally obtained at the end of the first year 
(Figs. 35.7 and 35.8).

Fig. 35.5 Extrathoracic view. The nerves of the third and fourth inter-
costal spaces have been removed from the thorax by their anterior 
extremity (arrows)

Fig. 35.6 Axillary view. The incision out of the thorax nerves of the 
third and fourth intercostal spaces was closed (yellow arrow). Result of 
the robot-assisted microsurgical suture of the two intercostal nerves 
(black arrow) with the motor branch of the biceps nerve (white arrow)

Fig. 35.7 Result after 1 year. The scars are hardly visible. The scars 
1-2-3 correspond to the instrumental and optical trocars, the scar 4 cor-
responds to the exit point of the thoracic drain, the scar 5 corresponds 
to the point of exit of the nerves of the third and fourth intercostal 
spaces, and the scar 6 corresponds to the axillary part of the scar of 
nerve anastomosis between the two intercostal nerves and the motor 
branch of the biceps nerve
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 Conclusion
The advantage of robotics in microsurgery is the increase 
in ergonomics for the surgeon and the reduction of scars 
for the patient.

The disadvantage of robotics in microsurgery is the 
absence of a dedicated device on the market and the aban-
donment of the motion reduction in the most recent ver-
sions of the da Vinci® robot’s instrumentation.
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Robotic Rectus Muscle Flap 
for Reconstruction in the Pelvis

Richard C. Baynosa

 Introduction

Robotic surgery has gained wide popularity over the last 
decade because of the improved visualization and access to 
smaller and tighter body areas with more maneuverable and 
precise instrumentation than that available via endoscopic 
and laparoscopic methods. For multiple surgical subspecial-
ties including general surgery, surgical oncology, bariatric 
surgery, urology, colorectal, gynecology, thoracic surgery 
and otolaryngology, robotic techniques are becoming more 
widespread and quickly becoming the standard for many dif-
ferent procedures.

The specialty of plastic surgery involves the rearrange-
ment and transfer of tissues to repair and reconstruct defects 
resulting from trauma, congenital anomalies, or tumor extir-
pation for cancer. Because many of these defects are external 
and associated with open wounds or large open surgical inci-
sions, the field of plastic surgery has necessarily relied on 
open approaches to achieve its goals. Minimally invasive 
techniques have been limited to approaches such as minimiz-
ing incision length, masking the location of the incisions, 
percutaneous injections of fat and/or filler to fill volume defi-
cits, and the occasional use of the endoscope.

Reconstructive surgeons are continually presented with 
new and varying complex defects that continue to change 
with advancements in surgical treatments. With the advent 
and popularity of robotic surgery, new challenges have been 
presented to the plastic surgeon to provide reconstructive 
options while minimizing the morbidity of additional inci-
sions and donor sites. This chapter presents the rationale and 
technique for incorporating the robotically harvested rectus 
abdominis muscle flap for reconstruction of a variety of 
defects after robotic pelvic surgery.

 Rationale

The rectus abdominis flap has long been a workhorse for 
reconstructive surgery in the pelvis [1–14]. The rectus flap 
can be harvested as a muscle only flap or including an over-
lying skin paddle such as in the vertical rectus abdominis 
musculocutaneous (VRAM) flap. The rectus flap is a robust 
flap with a consistent and long axial pedicle that allows for 
the flap to be transferred down as a pedicled flap to almost 
any region in the pelvis [15–20]. The primary disadvantage 
of the rectus flap has been the requirement for an oftentimes 
long open incision with sacrifice of the anterior rectus fascia, 
which is a primary strength layer of the abdominal wall.

It is well established that repair of perineal wounds and 
fistulas from the colon/rectum to the vagina, urethra, or blad-
der in the previously irradiated pelvis benefits from well- 
vascularized coverage to promote tissue healing [21–27]. In 
particular, irradiated defects after abdominoperineal resec-
tion (APR) have been shown to have better outcomes when 
vascularized tissue is used to reinforce the perineal incision 
and obliterate the rectal dead space [28–30]. The literature 
demonstrates consistent lower rates of major complications 
including major wound dehiscence, pelvic abscess, and fis-
tula formation when immediate reconstruction of the pelvic 
defects was reinforced with well-vascularized muscle flaps 
[31, 32]. Additionally, while the gracilis muscle flap from the 
thigh has been used as an alternative reconstructive option in 
the deep pelvis and perineum, the rectus muscle flap has 
been shown to be clearly superior to the gracilis flap likely 
secondary to its greater mass and bulk as well as a much 
more robust and less tenuous blood supply [33].

The theoretical advantages of an intraperitoneal harvest 
of the rectus muscle compared to the standard open approach 
are numerous. The most obvious benefit is the lack of the 
long incision that is routinely needed to harvest the muscle. 
While this is not an issue with open pelvic surgery, when 
these procedures are performed minimally invasively using 
the surgical robot, then the open incision adds unnecessary 
increased morbidity and negates many of the benefits of the 
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robotic surgery. In addition to eliminating the morbidity of a 
long access incision for harvest, the intraperitoneal approach 
leaves the anterior rectus sheath, which serves as a signifi-
cant layer for abdominal wall strength, preserved and intact. 
Last but not least, the intraperitoneal approach provides 
superior visualization of the rectus muscle along its entire 
course through the thin posterior rectus sheath. This is in 
stark contrast to the poor visualization through the thick 
anterior rectus sheath. Most importantly, the intraabdominal 
approach allows excellent visualization of the deep inferior 
epigastric vascular pedicle through the transparent perito-
neum prior to the dissection and harvest of the muscle flap 
(Fig. 36.1).

 Robotic Rectus Flap Technique

The benefits of robotic surgery beyond minimal access inci-
sions are numerous and include superhuman precision with 
tremor elimination and motion scaling; clear, magnified, and 
high-resolution 3D stereoscopic views; enhanced exposure 
with the use of multiple robotic arms for precise traction; and 
the ability for wristed movements and retroflexing of the 
camera and instruments that is not possible with laparoscopy. 
The continued advancement in robotic surgery by numerous 
specialties has necessitated innovative approaches by plastic 
surgeons to solve these new reconstructive challenges.

The robotically harvested rectus muscle flap was first 
described and published in 2010 [34]. Subsequent publica-
tions have demonstrated the safety and feasibility of this 
technique for numerous different applications [35–37]. In 
our practice, the use of the robotic rectus flap arose with the 
introduction and incorporation of the robotic abdominoperi-
neal resection (APR) as the standard approach to low-lying 
rectal and anal cancers where the anal sphincter could not be 

preserved. By incorporating robotic techniques for the mus-
cle flap harvest, we have significantly minimized the morbid-
ity associated with the open approaches of the typical 
reconstructive options including the vertical rectus abdomi-
nis musculocutaneous (VRAM) flap and the gracilis flap. 
There has been less pain from the flap harvest, and this has 
eliminated the potential for donor site infection because the 
harvest is completed entirely through an intraperitoneal 
approach.

As with the integration of any novel technique, the main-
stay to achieving good outcomes is dependent on the devel-
opment of good inclusion and exclusion criteria for patient 
selection. Patients that are suitable for a robotic APR are 
often good candidates for a robotic rectus flap, but it should 
be noted that in the early portion of the learning curve, oper-
ative times can be significantly longer and patients should 
have minimal comorbidities that would preclude them from 
undergoing a prolonged anesthetic. Although long-term data 
and outcomes still need to be analyzed, in theory the 
decreased pain, narcotic use, hospital stay, and overall 
decreased morbidity should justify the initially longer opera-
tive time. Additionally as the surgeon’s experience in the 
robotic harvest increases, the average operative time for a 
robotic rectus harvest will be typically less than 1 h [36].

Exclusion criteria for this procedure include a significant 
soft tissue defect requiring reconstruction with a large skin 
paddle. These patients would be more appropriately treated 
with a VRAM flap and/or gracilis musculocutaneous flap. 
Resurfacing of posterior vaginal defects, however, should not 
be considered a contraindication to robotic rectus harvest. In 
fact, we feel that the peritoneum and posterior rectus fascia 
provide an ideal tissue substitute for resurfacing the mucosa 
of the vagina. The literature has shown that these tissues read-
ily mucosalize and provide a good reconstructive option in 
this area [38]. We will also exclude obese patients with exces-
sive BMI and large intraabdominal fat components as we 
have seen an increased rate of postoperative bulge in these 
patients when the rectus flap is harvested and the posterior 
rectus fascia is weakened and/or incorporated into the recon-
struction. We recommend repair of the posterior rectus fascia 
after harvest and now routinely incorporate biologic mesh to 
repair the defect and provide additional soft tissue support in 
an underlay fashion. The use of mesh and preservation of the 
anterior rectus fascia helps to minimize the development of 
an abdominal bulge in these patients postoperatively.

 Technique

Robotic harvest of the rectus muscle can be readily accom-
plished with three 8 mm robotic ports, although a 12 mm 
camera port was required in our early experience. When 
working in conjunction with the colorectal surgeon for 

Fig. 36.1 Intraperitoneal view of the deep inferior epigastric vascular 
pedicle. The left side of the vessel has the peritoneum dissected free, but 
the continuation to the right (superiorly) is still readily seen through the 
intact peritoneum and posterior rectus fascia
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post- APR perineal reconstruction, insufflation will have 
already been achieved. When planning the rectus flap harvest 
for free tissue transfer, however, standard Veress needle tech-
nique should be used to obtain insufflation. After achieving 
appropriate insufflation, the ports are then placed in the 
hemiabdomen contralateral from the rectus muscle to be har-
vested and as far lateral as possible to allow for dissection of 
the muscle off of the posterior rectus fascia at the midline. 
When this flap is performed for post-APR reconstruction, the 
muscle will typically be the right-sided rectus muscle to 
allow maturing of the end colostomy in the standard left 
lower quadrant position through the left rectus muscle.

Accurate port placement is critical to obtaining the expo-
sure necessary to harvest the flap as well as having the free-
dom of movement of the robotic arms to harvest the entire 
length of the rectus muscle. The central camera port should 
be placed approximately 2–3 cm or two finger breadths pos-
terior the anterior axillary line at the midpoint between the 
costal margin superiorly and the anterior superior iliac spine 
(ASIS) inferiorly. The two robotic working ports are then 
placed 2 cm inferior to the costal margin and 2 cm superior 
to the ASIS, respectively (Fig. 36.2). When the rectus flap is 
done in conjunction with the colorectal surgeon for robotic 
APR, proper preoperative planning and communication will 
allow one of the ports to be incorporated as one of the 
colorectal surgeon’s working ports to minimize the number 
of necessary port sites and incisions. Additionally, the use of 
the AirSeal insufflation system (CONMED, Utica, NY) will 
assist in maintaining the appropriate amount of intraperito-
neal insufflation, particularly after removal of the specimen 
and creation of the perineal defect. After placement of the 
ports, the surgical table is oriented with the right (harvest 
side) up and slight Trendelenburg. After proper positioning 
to allow the abdominal contents to fall away from the opera-
tive site, the robot is docked in the standard fashion.

After all ports are docked, a 30° camera is then placed to 
allow improved visualization of the posterior abdominal wall. 
Harvest of the flap is performed with Hot Shears/monopolar 
curved scissors (Intuitive Surgical) in the dominant working 
arm and a Cadiere or ProGrasp Forceps (Intuitive Surgical) in 
the nondominant arm. Attention is first turned to the right 
lower quadrant to identify and preserve the deep inferior epi-
gastric pedicle. The pedicle is readily visualized through the 
overlying peritoneum, which is sharply divided, and dissec-
tion is performed from the lateral rectus muscle to several cen-
timeters laterally to allow ease of transposition of the muscle 
flap. Although usually not necessary, the pedicle vessels may 
be dissected to their origin at the external iliac vessels if there 
is any tension, kinking, or twisting of the pedicle.

After the pedicle has been identified, dissection of the 
posterior rectus sheath is performed. At the level of the infe-
rior epigastric pedicle, the peritoneum is sharply incised 
transversely across the entirety of the posterior surface of the 
rectus muscle from lateral to the medial edge of the muscle. 
This allows not only transposition of the rectus muscle flap 
to be reflected down into the pelvis but also identifies the 
medial and lateral borders of the rectus muscle for subse-
quent dissection. The dissection begins medially by making 
a vertical incision just lateral to the medial border of the rec-
tus muscle and continuing this cranially. This is typically the 
most difficult part of the dissection as the camera and instru-
ments are positioned directly up almost at the midline and 
the working area is fairly tight. The incision is then contin-
ued superiorly to the costal margin. It is helpful to have the 
robotic tech or assistant palpate and identify the costal mar-
gin externally as this level is often difficult to identify from 
the intraperitoneal surface. Dissecting the muscle to this 
level will allow the flap to easily reach down to the perineum.

Attention is then turned to the lateral border of the mus-
cle. The dissection again begins at the caudal portion of the 
rectus muscle at the level of the transverse incision in the 
peritoneum. The vertical incision is made at least 1  cm 
medial to the lateral border of the rectus muscle. This ensures 
that the insertion of the transversalis and oblique muscles to 
the lateral portion of the rectus sheath is not disrupted. The 
dissection is then carried superiorly in the same fashion as 
the medial dissection. Care is taken to identify and cauterize 
the neurovascular pedicles entering laterally into the rectus 
muscle from the intercostal system. The dissection is 
 continued to the same level as the medial dissection superi-
orly (Fig. 36.3).

At the level of the costal margin, the medial and lateral 
dissection points are joined by dividing the peritoneum, pos-
terior rectus fascia, and rectus muscle transversely with elec-
trocautery (Fig. 36.4). Care is taken to ensure hemostasis of 
the muscle and to identify and control the superior epigastric 
vessels. The rectus muscle is now dissected from distal to prox-
imal. Extreme care is taken to identify all large perforators to 

Fig. 36.2 Standard port placement at the contralateral hemiabdomen 
in an early case with 12  mm camera port on the DaVinci Si robot. 
Newer applications allow three 8 mm ports throughout
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minimize the risk of avulsion and bleeding. Most perforators 
can be controlled by electrocautery, but large perforators 
should be identified and controlled with medium Weck Hem-
o-lok clips (Intuitive Surgical) and divided. Caution must also 
be employed when dissecting the rectus muscle from the 
anterior rectus sheath at the level of the tendinous inscriptions 
so as not to damage either the muscle or the inscriptions. Poor 
dissection of the inscriptions will lead to large defects in the 
anterior rectus sheath and further weaken the remaining 
strength layer of the abdominal wall and increase the risk of 
bulge and/or hernia. The dissection of the rectus muscle off of 
the anterior rectus sheath continues until the level of the 
entrance of the deep inferior epigastric pedicle. The rectus 
muscle insertion to the pubis is left intact so as to not allow 
excessive tension on the vascular pedicle.

This technique of muscle harvest necessarily leaves a strip 
of posterior rectus fascia and peritoneum attached to the pos-
terior surface of the rectus muscle. This strip of fascia allows 
the rectus muscle to be secured to the proper position needed. 
Directly securing the muscle with sutures leads to tearing of 
the muscle and inadequate positioning of the flap. Additionally, 

the peritonealized posterior rectus fascia is the ideal tissue to 
use in resurfacing posterior vaginal wall defects. The perito-
neum on the posterior rectus fascia quickly mucosalizes and 
also brings well-vascularized tissue to areas that are question-
able. When the rectus muscle and posterior rectus sheath are 
harvested, it is recommended to reinforce the posterior abdom-
inal wall with a biologic mesh to minimize the development of 
hernia or bulge. We recommend synthetic mesh due to the 
potential for contamination in APR or fistula surgery.

After complete harvest of the flap and reconstruction of the 
posterior abdominal wall donor site, the robot is undocked and 
placed back into the standard pelvic position for re- docking and 
securing the muscle between the areas of fistula repair. 
Alternatively in post-APR reconstruction, the inset is done from 
the open pelvis, and the muscle can be brought down through 
the rectal vault to the perineum manually (Fig. 36.5). This can 
be done under laparoscopic visualization to ensure that there is 
no twisting or kinking of the pedicle. The flap may be secured 
just under the skin or to the posterior vaginal wall if needed for 
reconstruction after tumor extirpation. A drain is left adjacent to 
the flap and exited through the buttock in these cases. In situa-
tions where the rectus muscle flap is buttressing the fistula 
repair, a drain can be placed and exited through the robotic port.

Postoperatively, the patients are restricted from sitting 
directly on the perineal incision for 4 weeks in the cases of 
post-APR reconstruction. They are allowed to lie down, stand, 
walk, or sit on a circular donut cushion to prevent pressure on 
the perineum and the distal end of the flap. When the flap is 
inset deeper in the pelvis, no pressure restriction is necessary.

 Discussion

The robotic rectus muscle flap is a novel technique that 
allows a minimally invasive approach to harvest a workhorse 
vascularized tissue flap from an intraperitoneal approach. 

Fig. 36.3 Intraperitoneal view of medial and lateral borders (superior 
and inferior aspects of the figure, respectively) of the rectus muscle 
dissected

Fig. 36.4 Intraperitoneal view of the superior rectus muscle (distal 
flap) being divided with electrocautery

Fig. 36.5 Intraperitoneal view of the rectus muscle transposed through 
the rectal vault
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This technique, like many techniques in plastic surgery, was 
borne out of necessity as robotic techniques became more 
prevalent in colorectal surgery, gynecology, and urology. 
With advanced minimally invasive techniques for deep pel-
vic surgery minimizing morbidity and the documented ben-
efit of vascularized tissue transfer to fill dead space and 
improve healing in radiation-damaged tissue, the morbidity 
of open reconstructive approaches to these cases becomes 
increasingly harder to justify.

As with the adoption of any new procedure, there is a 
learning curve when incorporating the robotic rectus flap 
harvest into one’s surgical repertoire. The learning curve is 
steep, however, and with experience the flap harvest itself 
can be readily performed in less than an hour. Additionally, 
recent literature has supported the safety and feasibility of 
this technique for a wide range of applications [35–37].

Complications of robotic rectus muscle harvest include 
the possibility of bleeding, hernia, and/or bulge in the donor 
site. Early reports in the literature suggested that maintaining 
the anterior rectus sheath intact was protective of true hernia, 
but our experience has demonstrated that significant bulge 
does occur in certain instances. We have noted increased risk 
of bulge in patients with higher BMI and/or large intraab-
dominal fat component as the pressure from the intraabdomi-
nal contents produces significant tension on the single 
anterior rectus sheath. It is therefore recommended to rein-
force and/or repair the posterior rectus sheath with biologic 
mesh.

 Conclusion
With the advent of continually advancing minimally inva-
sive robotic techniques for abdominopelvic surgery, the 
need and importance of developing and adopting robotic 
methods of pelvic reconstruction are becoming para-
mount. We have presented our institution’s preferred 
technique for use of the robotically harvested rectus 
abdominis muscle flap as a workhorse for minimally inva-
sive pelvic reconstruction. Incorporation of both tumor 
extirpation and/or fistula repair combined with recon-
structive surgery using minimally invasive techniques 
employing the surgical robot provides patients with the 
potential for improved outcomes with minimal morbidity 
in complex pelvic surgery.
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Robotic Thyroidectomy

Mark S. Sneider and Peter S. Dahlberg

 Introduction

Robotic thyroidectomy is a novel approach that avoids an 
anterior neck incision. Since the introduction of robotic sur-
gery, several authors have described various techniques for 
remote-access robotic thyroidectomy. The initial description 
and most widely known technique was described by Chung 
and colleagues in Korea, which involves a gasless, single-
incision, transaxillary approach [1]. Since then, several other 
techniques have been described, including transaxillary gas 
insufflation techniques, bilateral axillo-breast approach 
(BABA), and the retroauricular approach (RA).

The standard technique for open thyroidectomy was 
described between 1873 and 1893 by Billroth and Kocher 
[2], which is essentially unchanged to this day. The advent of 
endoscopic surgery made it feasible to perform thyroid sur-
gery through a smaller neck incision. In 1996, Gagner was 
the first to describe endoscopic techniques for parathyroid 
surgery [3], and a year later, Hüscher first implemented them 
for thyroidectomy [4]. Over time, a diversity of other endo-
scopic techniques have been described, and they can be 
divided into cervical or extracervical (remote access) 
approaches [5].

The endoscopic approach has resulted in improved cos-
metic outcomes; however, the limited working space in the 
neck makes the procedure more challenging. The adoption of 
the daVinci surgical system has further revolutionized the 
surgical treatment of thyroid disease. It provides many 
advantages over both traditional open and endoscopic thy-
roidectomy, including improved access and visualization, 
decreased tremor, superior range of motion, and improved 
ergonomics [6]. However, it also introduces a new set of 
potential complications, not typically associated with thy-
roid surgery, related to a new approach to the surrounding 

anatomy, such as stretch injury to the brachial plexus, esoph-
ageal perforation, and injury to the carotid artery and/or 
internal jugular vein. Furthermore, at this point, the use of 
the daVinci surgical system for thyroidectomy is not FDA 
approved and remains off-label [7]. It is critical to stress that 
with these additional set of risks and those associated with 
the learning curve, performing robotic thyroidectomy 
requires a thoughtful approach for its adoption. Several 
authors have recommended a framework for its safe imple-
mentation, with the following suggested elements: being a 
skilled surgeon with expertise in the standard approach to 
thyroidectomy, adequate education and training of the sur-
geon and staff, data collection, appropriate patient selection, 
and undergoing preceptored cases [8].

 Literature Review

Overall there are a limited amount of published randomized 
controlled trials with regard to robotic thyroidectomy. 
However, there are detailed descriptions in the literature 
regarding the different robotic approaches to thyroidectomy 
as well as several meta-analysis that compare robotic thy-
roidectomy vs non-robotic approaches.

In 2013 Jackson and colleagues reported on the safety of 
robotic thyroidectomy, reporting that patients who under-
went robotic surgery had greater cosmetic satisfaction. 
Robotic operative times were longer as compared to conven-
tional open techniques but shorter than endoscopic 
approaches. Furthermore, all procedures had similar risks 
and rates of complications. The authors concluded that 
robotic thyroidectomy is as safe, feasible, and efficacious as 
conventional cervical and endoscopic thyroidectomy, with 
superior patient cosmetic satisfaction [6].

Sun published a meta-analysis comprised of 11 studies 
with 726 patients undergoing robotic transaxillary or bilateral 
axillo-breast approach thyroidectomy and 1205 undergoing 
open thyroidectomy. Again these authors found that opera-
tive times were longer for the robotic approach, while there 
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was no significant difference in the length of hospital stay. 
Similarly, no differences were noted in hematoma, seroma, 
recurrent laryngeal nerve injury, hypocalcemia, or chyle leak 
rates. Overall the robotic groups reported improved cosmetic 
outcomes. The authors concluded that robotic and open 
approaches to thyroidectomy had similar complication rates; 
although, robotic approaches introduced the risk of new 
complications and require longer operative times, they were 
associated with better cosmetic outcomes [7].

Another systematic review publication by Lang et  al. 
compared surgical and oncologic outcomes between robotic 
and non-robotic endoscopic thyroidectomy. These authors 
concluded that the robotic approach was associated with 
fewer recurrent laryngeal nerve injury rates, shorter length of 
hospital stay, and retrieval of a greater number of central 
neck lymph nodes during the procedure [9]. With similar 
findings, Kandil and colleagues report that robotic thyroid 
surgery is safe and feasible and provides similar periopera-
tive complications and oncologic outcomes when compared 
to both conventional cervical and endoscopic approaches but 
is associated with longer operative times [10].

Pan and colleagues recently published a systematic 
review and meta-analysis that analyzed robotic versus con-
ventional open thyroidectomy for thyroid cancer. They 
found that the robotic approach was associated with similar 
rates of several specific complications as well as equivalent 
surgical completeness including postoperative radioactive 
iodine (RAI) ablation rate, number of RAI ablation ses-
sions, mean total RAI dose, and post-ablation stimulated 
thyroglobulin levels. They concede that robotic thyroidec-
tomy for differentiated thyroid cancer is as safe as the con-
ventional open approach [11].

To date there are four described robotic thyroidectomy 
approaches. They include the single-incision, gasless trans-
axillary approach, the bilateral axillo-breast (BABA) 
approach, the retroauricular approach, and the gas insuffla-
tion, transaxillary approach.

The single-incision, gasless transaxillary approach was 
the first described technique [1] and has been the most widely 
published. The patient is placed in a supine position on a 
small shoulder roll with the neck slightly extended. The arm 
on the operative side is raised naturally as to avoid brachial 
plexus injury. A 6-cm-long incision is made along the border 
of the pectoralis major muscle in the axilla; a flap is created 
along the subplatysmal plane until the bifurcation of the ster-
nocleidomastoid (SCM) muscle is reached. The space 
between the sternal and clavicular heads of the SCM is 
opened superiorly, and the strap muscles are elevated from 
the thyroid gland. In order to maintain exposure, a spatula-
shaped external retractor is placed under the strap muscles. 
The camera and robotic instruments are all inserted as spread 
out as possible through the single incision. Typically a four-
instrument procedure is done, using the camera, ProGrasp, 

Maryland dissector, and ultrasonic curved shears. The thy-
roid is removed maintaining the same principles as in the 
conventional open approach. The described limitations of 
this technique are the loss to tactile feedback, significant dif-
ficulty in performing a total thyroidectomy through a unilat-
eral approach and costs [12].

The bilateral axillo-breast approach (BABA) was also 
first described in Korea by Lee and colleagues [13]. In 2004 
they described this technique for endoscopic surgery, which 
soon after was combined with the daVinci system. This tech-
nique has the distinct advantage over a transaxillary approach 
of having the ability to perform a total thyroidectomy. 
Several publications have demonstrated the safety and effi-
cacy of this approach; furthermore, Lee and colleagues have 
described 968 cases of total thyroidectomy with this approach 
for thyroid cancer, with adequate surgical completeness and 
low complication rates and recurrence [13–15]. The proce-
dure involves four stages: creation of a working space, robot 
docking, console time, and closure. Incisions are made bilat-
erally at the areola skin line and at the axillary folds bilater-
ally. Working space flap is created and robotic trocars are 
inserted. The flap covers an area from the thyroid cartilage 
superiorly to 2 cm below the clavicles. The working space is 
maintained by low-pressure CO2 gas insufflation. Instruments 
used include the robotic camera, ultrasonic shears, ProGrasp, 
and Maryland dissector. The midline strap muscles are iden-
tified and opened, the thyroid isthmus is divided, and total 
thyroidectomy is able to be done following the standard sur-
gical principles.

A third described technique is the retroauricular approach. 
Terris et  al. identified some of the limitations with single-
incision, transaxillary thyroidectomy, so they developed and 
reported the feasibility and safety of the robotic facelift thy-
roidectomy [16, 17]. Kandil and colleagues have also 
described their results with this approach, concluding that 
thyroid lobectomy and parathyroidectomy can be safe and 
feasible [18]. In addition, Byeon et al. have described per-
forming a robotic total thyroidectomy with a modified radi-
cal neck dissection via a unilateral retroauricular approach 
[19]. The procedure begins with an incision behind the ear, 
followed by elevation of the subplatysmal flap. A self-retain-
ing retractor is placed, and robotic-assisted neck dissection is 
carried out, followed by ipsilateral thyroidectomy, central 
neck dissection, and finally contralateral thyroidectomy. A 
30° robotic camera is used, along with a grasper and ultra-
sonic shears.

Lastly, there is a modified robotic unilateral axillo-breast 
approach using gas insufflation. This is the technique that is 
mainly performed by the authors. It involves placing trocars 
in the areola skin line and along the axillary folds at the edge 
of the pectorals major muscle. A subcutaneous pocket is 
 created up to the heads of the SCM muscle, and the 2 heads 
are divided. The strap muscles are then retracted medially, 
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and the thyroid gland is exposed. The working space is main-
tained with low-flow gas insufflation, and thyroid lobectomy 
is performed.

 Preoperative Preparation

Robotic thyroidectomy has traditionally been utilized as a 
surgical tool to treat unilateral benign or indeterminate dis-
ease. Ideal patients have benign or indeterminate nodules 
that are less than 5 cm in size without signs of extensive thy-
roiditis. As guidelines for the treatment of well-differentiated 
thyroid cancers have evolved, the procedure has become an 
option for patients with malignant disease as well [20]. This 
would include tumors <4 cm in size without gross extra thy-
roidal extension or clinically apparent nodal disease. For 
low-risk papillary and follicular lesions <1 cm in size in the 
absence of prior neck radiation, or a familial cancer syn-
drome, lobectomy alone should be adequate treatment. For 
1–4 cm tumors, lobectomy may be an option provided the 
treating team is not planning on postoperative use of radioio-
dine. In our series, only three patients had malignant disease, 
all diagnosed after lobectomy and isthmusectomy. Two 
patients had a contralateral robotic completion thyroidec-
tomy with central node dissection, whereas one chose to 
have traditional open procedure.

Early in our series, we did not offer robotic thyroid proce-
dures to patients with a BMI > 30. However, as we gained 
experience, we found that the operation is often easier to per-
form in larger BMI patients. Concomitant neck disease, pre-
vious ipsilateral clavicular fracture, upper outer quadrant 
breast surgery or radiation, and axillary hidradenitis are rela-
tive contraindications to the robotic procedure. Severe COPD 
is uncommon in this patient population, but CO2 retention 
from gas insufflation would likely be problematic.

Preoperative imaging and evaluation are identical to other 
patient populations with thyroid disease. We use office ultra-
sound to characterize nodules and to identify the location 
and characteristics of parathyroid glands. Laboratory testing 
too is used to check for hyperthyroidism, hypothyroidism, or 
hypercalcemia. FNA and molecular testing are used when 
indicated [20]. Physical examination focuses on the neck, 
but also examines the axilla, and the breast. Placement of 
incisions is discussed with the patient. Preoperative vocal 
cord examination is used when indicated by an abnormal 
character of the voice. Informed consent is obtained at the 
time of the office visit and affirmed prior to the procedure. 
Complications specific to the robotic procedure include pos-
sible numbness of the anterior upper chest skin and injury to 
the subclavian vessels or even the brachial plexus due to a 
postoperative hematoma [8]. A plan for management of the 
contralateral thyroid lobe in the event of malignancy is also 
outlined during the preoperative consultation.

 Setup

There are a few anesthetic concerns that are specific to the 
robotic thyroid operation. Access to the airway may be lim-
ited during the procedure depending on the room configu-
ration and the robotic platform in use. The bedside surgeon 
may also encroach upon the anesthetist’s space, and a pre-
operative discussion about ET tube and monitoring line 
access is necessary. Recurrent nerve monitoring is rou-
tinely performed and requires accurate placement and test-
ing of the NIM tube. Hyperventilation may be necessary 
due to CO2 retention during longer procedures using insuf-
flation gas. If available preoperative injection of indocya-
nine green may be useful to identify normal parathyroid 
glands and to assess their vascular status after thyroid 
removal [21].

Patient positioning has evolved as we gained experience 
and altered the technique used during the robotic operation. 
Initially our patients were placed in a supine position with 
the neck extended and rotated away from the side of the 
lesion, and the arm was retracted above the operating table as 
described by Chung. However, injury to the brachial plexus 
has been described due to the arm positioning, and by using 
the complete trocar approach that will be described, it is not 
necessary to suspend the arm. It can be extended from the 
table at 90° in a neutral position. This avoids any risk of bra-
chial plexus injuries. Lines, tubing, and cords follow the 
extended arm to the anesthesia working space and are acces-
sible as necessary. A slight roll under the shoulder helps to 
open the working space that is obtained by hyperextension 
alone. The surgical field is prepped from the mandible to the 
costal margin. The initial dissection begins with one surgeon 
on each side of the arm board.

Early in our experience, we used a Chung’s retractor with 
a sizable 7  cm axillary incision to create a tunnel into the 
space between the insertions of the sternal and clavicular 
heads of the sternocleidomastoid muscle. Although some-
what hidden from site in the axilla, the incision was larger 
than that necessary for a traditional thyroid operation, and 
postoperative pain was considerable. As others have also 
described, our procedure has evolved to a totally endoscopic, 
gas-assisted, and robotic operation.

 Operative Dissection

The first key step in the operation is selection of sites for 
the trocars (Fig. 37.1). Breast and axillary skin fold creases 
are marked in the preoperative suite, and a convenient fold 
about midway between the nipple and the axillary fold is 
chosen for the camera port. If using laparoscopic trocars for 
the camera, either balloon ports or screw ports work well to 
prevent gas escape. The size of the incision matches the 
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impression of the empty trocar on the skin. Before inserting 
the port, dissection is carried down to the pectoralis mus-
cle, and the fat plane anterior to the muscle is bluntly devel-
oped with an instrument or the operating fingertip. At this 
point a dissecting balloon or more blunt finger dissection 

can be used to develop the space anterior to the muscle 
toward the sternal notch, superiorly toward the clavicle and 
inferiorly toward the nipple or other robotic operating port 
site chosen for the procedure. It is helpful to mark the tun-
neling space to be created on the skin. An 8  mm robotic 
port is inserted into the dissected space near the acromion. 
A second 8 mm robotic port is placed at the lateral nipple/
areolar complex or on the upper mid part of the breast. 
Placing these ports before inserting the 12 mm port is help-
ful in guiding them to the most useful positions. Gas is con-
nected at 10–15  mm Hg and at low flow, and then a 
laparoscope is inserted to finish creating the working space 
with a long hand-actuated cautery extension. Conversely, 
the robot can be docked at this point, and the procedure is 
initiated robotically.

Care must be taken as the clavicle is approached. It is 
quite possible to confuse the subclavius muscle for one of the 
heads of the SCM and dive too deeply and into trouble. It is 
safest to dissect to the sternal notch, then work back along 
the clavicle and identify the tendinous insertion of the sternal 
head of the SCM. Most, but not all patients will have a small 
gap between heads of the SCM, and this is the point through 
which the thyroid should be approached (Fig.  37.2a). In 
other patients there is simply a thinning in the number of 
fibers, and the space can be easily created by gently separat-
ing the fibers. Sensory branches of the ansa cervicalis and of 
the intercostal nerves are often identified and can usually be 
spared. This decreases the chance of postoperative sensory 
dysesthesias and numbness. The most critical structure to 
identify is the internal jugular vein, which should be lateral 
to the direction of approach to the thyroid (Fig. 37.2b). Close 
by and more posterior to the vein will be the carotid artery 
and the vagus nerve. The omohyoid muscle may be divided 
to facilitate exposure of the upper pole vessels at this point, 
which is also the time to transition to robotic dissection. At Fig. 37.1 View of trocar and instrument placement

a b

Fig. 37.2 (a, b) View of landmarks through the subcutaneous tunnel
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this point the middle thyroid vein may be visible as will be 
the strap muscles covering the thyroid gland.

After docking the robot, a fenestrated bipolar instrument is 
placed through the left arm port and a harmonic scalpel 
through the right arm port. Robotic vessel sealers have more 
dexterity, but their bulk makes the operation more difficult to 
perform. A 5  mm assist port is placed after docking and 
inserting instruments in an accessible location for the bedside 
surgeon, usually slightly below and toward the back from the 
camera port. A “cigar” rolled sponge is placed to facilitate 
any urgent control of bleeding that may be necessary.

Dissection of the thyroid usually begins at the upper pole 
vessels beneath the strap muscles (Fig. 37.3a). The superior 
pole artery can be found by following the jugular vein in a 
cephalad direction. The vessels are divided and secured 

using the harmonic instrument (Fig. 37.3b). We have found 
that the robotic vessel sealer is too bulky to easily use for the 
dissection and sealing of vessels that is necessary. Next, we 
search for the upper parathyroid and the recurrent nerve. The 
trachea and the cricopharyngeus muscle can usually be iden-
tified. A very small incision with an 11 blade is made to 
introduce the nerve stimulator (Fig. 37.3c). A bloodless field 
greatly facilitates identification of the nerve in the tracheo-
esophageal groove. Once the nerve has been identified, the 
lower pole vessels can be safely divided, and the lower para-
thyroid is identified. Finally the division of the isthmus and 
of Berry’s ligament begins from the upper pole of the gland, 
and the thyroid is removed through the 12 port in a laparo-
scopic bag. No drain is left, and the port site incisions are 
closed in one or two layers.

a b

c

Fig. 37.3 (a–c) View of thyroid and surrounding structures anatomy; use of laryngeal nerve monitoring
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 Outcomes

To date we have completed 64 modified robotic unilateral 
axillo-breast approach thyroid lobectomies using gas insuf-
flation. We have had no conversions to open, and complica-
tion rates are similar to what is reported in the literature for 
conventional thyroidectomy. We have had two transient 
laryngeal nerve palsies and one postop hematoma that did 
not require operative intervention. Patients have minimal to 
no complaints of chest wall numbness and dysesthesias in 
long-term follow-up.

In summary, there are several approaches to robotic 
thyroidectomy. As described, many studies have demon-
strated its efficacy. Adhering to sound surgical principles 
is essential to ensure a successful outcome for these 
procedures.
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Upcoming Robotic Systems

Daniel M. Herron and Matthew Dong

 Introduction

Ever since there was work to do, humans have been endeav-
oring to use machines to augment and improve our ability to 
do that work. Surgery, with its need for precise and often 
repetitive movements, seems particularly well-suited for 
robotic augmentation or automation. Due to the complex 
nature of the field, however, robotics has only relatively 
recently made any inroads, and still in limited settings.

Current-generation robots confer several theoretical 
advantages compared to traditional open surgical or laparo-
scopic techniques covered in greater detail elsewhere in this 
book, including enhanced visualization, improved surgeon 
ergonomics, increased degrees of freedom with wristed 
instruments, and the capability to operate remotely. Still, 
penetrance into surgery has been limited mostly to certain 
fields  – in particular, urology, gynecology, and pelvic 
colorectal surgery – and has been very modest in other surgi-
cal subspecialties. There are several drawbacks to currently 
available robotic platforms that may account for some of this 
slow adoption, including increased setup time, significant 
capital investments, and the requirement to utilize at a high 
rate to make up for operational costs, bulky equipment, the 
lack of haptic feedback, and concerns about trainee 
education.

Since coming to market in the late 1990s and early 
2000s, Intuitive Surgical, Inc. (Sunnyvale, CA, USA) has 
been the dominant force in the field of surgical robotics, 
and it has seen rapid growth in market penetrance in 
recent years. In  the United States, most patents last 

20 years from their earliest effective filing date, and many 
patents associated with Intuitive’s technology are expiring 
or will be expiring in the coming years. As such, many 
competitors are expected to attempt to take advantage of 
the rapidly expanding, multi-billion-dollar market of sur-
gical robotics. With any luck, this will result in increased 
innovation, reduced costs, and ultimately improved 
patient outcomes.

There are several forthcoming robot systems and modifi-
cations of existing systems that seek to extend upon some of 
the advantages and ameliorate the disadvantages of robotic 
surgery. The industry is primed for increased competition, 
which will ideally result in rapid innovation and ultimately 
improved patient outcomes in the coming years.

 Enhancements to Current Systems

 Da Vinci: Single Port

The da Vinci Xi Surgical System (Intuitive Surgical, Inc. 
Sunnyvale, CA, USA) is the most recent iteration of what is 
the industry standard robotic surgical platform. Prior to the 
release of the Xi, Intuitive demonstrated a prototype da 
Vinci SP (single port), with a deployable 3D camera, and 
three instruments with wristed motion. Intuitive has contin-
ued to develop this platform and is currently in the testing 
stages.

The currently available generation of the da Vinci single-
site platform, compatible with the da Vinci Si, does not fea-
ture wristed motion, thus limiting triangulation and retraction. 
The instruments and camera cross within the port to allow 
for some degree of triangulation and to minimize interfer-
ence between the working arms.

As compared to conventional single-incision solutions, 
robotic platforms eliminate some of the issues with instru-
ments that collide or require the surgeon to manipulate 
instruments on the opposite side from their hands.
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 Haptic Feedback

Intuitive is also developing a mechanism for haptic feed-
back, utilizing sensors already built in to the hardware of the 
Xi system, which could be deployed via a software-only 
update. While directly addressing one of the major draw-
backs of robotic platforms in general, the utility of such an 
update would be greatly dependent upon the quality of its 
implementation. An ideal haptic feedback system would 
allow the surgeon to detect arm collisions and problem shoot 
them with minimal bedside assistance, reduce off screen vis-
ceral injuries, and improve feel while performing fine motor 
tasks such as suturing or manipulating fragile structures.

 New Systems

 TransEnterix

At the time of the writing of this chapter, Senhance Surgical 
Robotic System (Fig.  38.1), developed by TransEnterix 
(Morrisville, NC, USA), is approved by the FDA for colorec-
tal and gynecologic surgery and has been submitted for 
approval for gallbladder and inguinal hernia surgery. To date, 
the company has sold a total of three systems, one in the 
United States [7]. Its key differentiating features include an 
open console system, utilizing polarized glasses for its three-
dimensional display, eye tracking to move the camera, 
robotic instruments housed in independent arms, and haptic 
force feedback through controllers that are designed simi-
larly to conventional laparoscopic instrument handles. Most 

of the instruments do not have increased degrees of freedom, 
but a wristed needle driver is available. The company claims 
cost containment is a priority of this system, but quantitative 
assessments are not available.

 AVRA Medical

AVRA Medical Robotics (Orlando, FL, USA), in partnership 
with the University of Central Florida, is developing a robotic 
platform with small, light, modular arms that can be attached 
to the patient bed, bedside cart, or a rail system mounted to the 
operating room itself. The company hopes to offer increased 
flexibility, reduced bulk, and reduced cost. The company is 
developing integrated image guidance combined with machine 
learning in hopes of creating an autonomous or semiautono-
mous robotic instrument that could be used in the office as 
well as the operating room [2]. Their marketing materials gen-
erally target the aesthetic surgery market. AVRA’s current 
models and concepts bear more resemblance to robotic manu-
facturing than robotic surgical instruments, and some utilize 
instruments from Intuitive’s da Vinci robot. Additionally, they 
hope to integrate their system with operating room lights, 
patient tables, surgical instruments, and a training platform.

 Titan Medical

The SPORT Surgical System (Titan Medical, Inc., Toronto, 
ON, Canada), being developed by a publically traded Canadian 
firm, is a single-port surgical robot, with a deployable 3D  

Fig. 38.1 Senhance surgical robotic system. (Courtesy of TransEnterix, Inc.)
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camera and two replaceable wristed motion instruments. 
Currently in the prototype phase, the robot is mounted in a sin-
gle stalk on a mobile tower with a boom. The instruments are 
controlled from a remote, open configuration workstation [6].

 Auris Health

Auris Health (San Carlos, CA, USA), based in Silicon Valley, 
has recently gained FDA approval for its Monarch Platform 
(formerly ARES – Auris Robotic Endoscopy System) for use 
as a bronchoscopy diagnostic and therapeutic platform [1]. It 
is controlled with a remote design similar to a video gaming 
console. Although the company has yet to provide many 
public details, they possess several patents pertaining to 
endoluminal surgery, and its founder is a veteran of Intuitive 
Surgical, Mako Surgical, and Hansen Medical. The compa-
ny’s recent purchase of Hansen Medical, which produces 
robotic catheter-based tools for treating cardiac arrhythmias, 
suggests an expansion of its market, but it has made no pub-
lic statements about future plans in that area.

 Medrobotics

The Flex Robotic System, developed by Medrobotics 
(Raynham, MA, USA), is a robotic platform mounted on a 
flexible endoscope with two articulating 3 mm instruments, 
such as retractors, scissors, monopolar cautery, or a needle 
driver [4]. The endoscope has a telescopic inner core stabi-
lizer to maintain the spatial orientation of the proximal 
scope. It is designed for transoral surgery, particularly oro-
pharyngeal, hypopharyngeal, and laryngeal surgery. The 
company also produces a colorectal apparatus called the Flex 
Colorectal Drive, similarly designed for natural orifice sur-
gery in the anus, rectum, and colon. Control of the instru-
ments is via a hand piece directly connected to the instrument 
at the patient’s bedside.

 Mazor Robotics

Medtronic (Parsippany, NJ, USA) has been making substan-
tial financial investments in Mazor Robotics (Caesarea, 
Israel), to distribute its surgical robotic guidance system, the 
Mazor X and its image-based guidance system, Renaissance. 
Mazor Robotics has a background in image-based, preplaned 
robotic  guidance for spine and brain surgery. To date, 
Medtronic has invested $72 million in three separate dis-
bursements in exchange for 10.6% of fully diluted shares of 
Mazor and distribution rights for Mazor’s existing Mazor X 
Surgical Assurance Platform. As of Q1 2018, the company 
claimed 33,000 procedures performed with Mazor systems 
but would not add additional details [5].

 Verb Surgical

Ethicon (subsidiary of Johnson and Johnson, New Brunswick, 
NJ, USA) is invested in a joint venture with Verily Life 
Sciences (a part of Alphabet, Inc., Mountain View, CA, USA 
the parent company of Google) called Verb Surgical, which 
is in the development stages of a surgical robot, or what it 
terms digital surgery. The company’s goal is to democratize 
surgery, with its stated pillars of robotics, visualization, 
advanced instrumentation, data analytics, and connectivity, 
increasing access to technology and information, improving 
outcomes and reducing cost [8]. Given Alphabet’s back-
ground in data analytics and machine learning and Ethicon’s 
background in medical device manufacturing, this is an 
intriguing partnership, but specific details have not been 
made public at the time of this chapter’s writing. The com-
pany’s goal is to bring a product to market in 2020 [3].

Several truly autonomous robotic surgical devices and 
implantable remote-controlled instruments currently in vari-
ous stages of research and development are beyond the scope 
of this chapter but are described elsewhere in this textbook.

Minimally invasive surgery, and surgical robotics in par-
ticular, has always been a rapidly developing field, but the 
expiration of many of the initial patents for surgical robot 
technologies and subsequent entrance of several new players 
to the field is likely to result in accelerated growth in the 
number of options, ideally leading to improved choice, 
reduced cost, and ultimately improved patient outcomes.
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Abbreviations

CMAS Canadian Centre for Minimal Access Surgery
CSH Combat support hospital
DARPA Defense Advanced Research Programs Agency
FST Forward surgical team
NASA National Aeronautics and Space Administration
TATRC Telemedicine and Advanced Technology 

Research Center
HIFU High-intensity focused ultrasound

 Introduction

Like the rest of the world, military surgeons are using robots 
to assist with laparoscopic surgery in their hospitals. 
Currently 13 military treatment facilities in the US 
Department of Defense use robot assistance for their elective 
and sometimes acute cases. Most cases are done by general 
surgeons with urologists following as a close second. There 
is a lot of research and work being done using military fund-
ing to explore two more specific areas where robotic usage is 
integral: on the battlefield and in the area of noninvasive 
surgery.

On the battlefield, there are several advantages that could 
be gained by the use of robots. It may allow for fewer humans 
to be positioned in the far forward more austere and danger-
ous settings thereby assuming less risk to human life. With 
robots, teleconsultation and telesurgery capability would be 
increased allowing not only cognitive assistance to a remote 
surgeon but also physical assistance. In the past few years, a 

concept to deploy 5–8-person highly mobile surgical teams 
has gained popularity. The thought is that such teams will be 
even more mobile than the traditional 20-person forward sur-
gical teams (FST). However the effectiveness of these 
smaller teams is in question as their capability is not equiva-
lent to even a ¼ or ½ FST due to personnel and equipment 
limitations. In fact, the died of wounds rate from combat is 
believed to have increased during the conflict in the Middle 
East, and these smaller teams may be one reason why.

Biomodulation is the concept of manipulating tissue at 
the cellular level, and its accuracy requires the use of robot-
ics. With the use of robots, the application of light, sound, or 
other energy sources could be used to stop bleeding, diag-
nose diseases, and even treat cancerous cells without needing 
to make an incision. The use of robots allows accuracy and 
faster real-time calculations so that individual cells can be 
treated while avoiding damage to normal cells and without 
the use of surgery.

The military’s Defense Advanced Research Projects 
Agency (DARPA) funds many projects in both the military 
and civilian sector. As such, many advances made in the 
civilian sector are funded by the Department of Defense in 
hopes of having future use in the military. The purpose of 
this chapter will be to describe the current state of robotics 
both in the military and those robotic research activities 
funded by the military with a focus on the battlefield and in 
the area of cellular biomodulation.

 Literature Review

 Battlefield Medicine

To understand the use of robots on the battlefield, one has to 
understand the levels of care concept that the military 
employs. In contrast to the civilian trauma center designa-
tions, I–III, where a level I trauma center offers the highest 
level of care and capability, the military increases care capa-
bility as the number of the level increases [1]. Level I in the 
military is considered the basics of battlefield care or essen-
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tially what a fellow soldier or field medic/corpsman would 
do to an injured soldier or service member. Similar to an 
emergency medical technician in the civilian world, their job 
is to stop bleeding, establish an airway, and assist with 
breathing. Their second function would be to rapidly triage 
the casualties. To do so, they would have to identify the per-
sons who would most likely benefit from faster evacuation to 
the next level of care. More specifically, they would have to 
identify those patients whose bleeding would need urgent 
surgical control and give them priority in evacuation.

At the military level II, an FST or medical company 
would be present to assist with medical care, including resus-
citation or damage control surgery. This level would be close 
to the actual combat and typically within 60 min of travel 
time. The FST is a 20-person team capable of performing 
about 30 operations before resupply is needed. A team would 
be at level II to provide life-saving damage control surgery 
only. Evacuation at this level is also paramount, so that stabi-
lized patients would be quickly evacuated to level III.

At level III, there is a combat support hospital (CSH), 
which would have a full complement of surgical and medical 
staff along with radiologic support like computed tomogra-
phy, laboratory assets, and intensive care unit capabilities. 
The CSH is still within the confines of the battlefield but fur-
ther away from the actual fighting. More definitive care 
could be done at the CSH, but the seriously injured would 
still need evacuation to a higher level (level IV) for continued 
critical care. Level IV care is outside of the combat zone.

The current robotic research has been designed to aug-
ment the battlefield at levels I and II. At this time, all of the 
published research is mostly theoretical or on animal models 
only. The Coremicro® Robotic System described by Wong 
et al. uses ultrasound to detect internal injuries and infrared 
imaging to detect internal bleeding [2]. The placement of the 
robot requires human assistance, but with it, the provider 
could identify internal injuries like a pneumothorax, an 
injured liver, or a damaged spleen using robot-controlled 
ultrasound and an actively bleeding vessel using infrared 
light. This system would help the medic triage the patients 
more accurately. Infrared imaging has been studied in the 
civilian setting and described to have great potential in evalu-
ating bleeding for cerebral perfusion and ischemia from cor-
onary lesions [3, 4]; and attempts have been made to use it in 
the civilian trauma setting to evaluate tissue perfusion [5]. At 
this time, though, infrared imaging for trauma has been suc-
cessful in a swine model, but this robot has not been tested 
under battlefield or in austere conditions [2]. Therapeutic 
options using robots will be discussed later.

For level II, robot prototypes have been designed to per-
form telesurgery. Rentschler et  al.’s work involves mini-
robots deployed inside the abdominal cavity. There are two 
basic robot types: fixed-based and mobile. A small 12–15 mm 
× 50–75 mm robot that expands to 15 mm × 60 mm during 

retraction with its own laparoscope is inserted into the 
abdominal wall through a laparoscopic port. This puts the 
camera inside the abdomen, and the camera can be controlled 
to rotate around to provide visualization for surgery. The 
mobile model involves placing a 110 mm × 20 mm camera 
into the abdominal cavity to provide telementoring [6]. In 
this model, the camera can move freely around the abdomi-
nal cavity to provide visualization. In an environment 20 m 
underwater, astronauts did simulated surgical tasks in a study 
sponsored by the National Aeronautics and Space 
Administration (NASA), the Telemedicine and Advanced 
Technology Research Center (TATRC), the University of 
Nebraska, and the Canadian Center for Minimal Access 
Surgery (CMAS) using in vivo robots. On a simulation plat-
form, astronauts were able to perform some basic surgical 
tasks [6]. In humans, a similar concept has been used for an 
elective cholecystectomy, using telesurgery over the Internet 
[7, 8].

Reichenbach et al. have expanded on the wireless concept 
and developed a model whereby a robot is placed using a 
platform similar to a single-incision laparoscopic port. The 
robot, as well as the surgical arms, has several degrees of 
motion similar to the flexible-tip laparoscopes of the robotic 
arms of the da Vinci model (Fig.  39.1). Once the port is 
placed locally, the scope and the arms can be operated from 
anywhere in the world using a wireless connection [9] 
(Fig. 39.2).

Lum et al.’s HAPs/MRT (high-altitude platforms/mobile 
robotic telesurgery) robot was deployed to Simi Valley, CA, 
to simulate hot and dusty conditions. Using wireless remote 
control only, similar to an unmanned armed vehicle, two sur-
geons were able to perform surgical tasks from 100 m away 
[10].

Fig. 39.1 Robot platform is inserted into the abdomen in this model. 
When expanded, it will have two working arms and a camera, each with 
its own range of motion
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In addition to telesurgical skills, other specialties have 
been added to provide consultation to the providers at level II 
to aid in patient care. The Spanish Army utilizes a 24-h per 
day consultation service for its forward deployed teams. 
Teleradiology consultation has been described, and using a 
robotic platform, a radiologist in Spain was able to control 
the ultrasound probe in Afghanistan to help perform echo-
cardiograms and abdominal ultrasound exams on patients 
[11] (Fig. 39.3).

Since level II is close to the actual combat fighting and the 
personnel have to be highly mobile and able to function in 
austere settings, adding a robotic surgeon with telementoring 
and telesurgical skills would increase the capability of the 

surgical team without deploying more personnel to a high-
risk environment. This model would be a force multiplier in 
that two surgeons could be used to perform this type of sur-
gery: one locally and one via telesurgery. This has a second-
order effect in that it may reduce the frequency at which an 
actual surgeon deploys, thereby reducing the chance for his 
or her non-trauma surgical skills to degrade.

 Biomodulation

As stated earlier, biomodulation is the manipulation of tissue 
at the cellular level. The concept has been around for almost 
two decades. This type of manipulation can be done to indi-
vidual cells down to the level of 3–8 microns. As such, col-
lateral injury to normal cells can be avoided while 
simultaneously destroying diseased or cancerous cells. Again 
this is an area that military funding has supported. The area 
of treated cells is so small, and because calculations for 
energy delivery have to be done in real time, this type of 
treatment requires robots for precision and tireless repetition 
of the tedious and delicate task.

The initial transdermal work focused on the control of 
bleeding. High-intensity focused ultrasound (HIFU) uses 
heat to induce coagulation necrosis at vessel injury sites to 
control bleeding [12]. The focusing of this heat enabled min-
imal destruction to surrounding tissue (including the vessel 
itself) to prevent thrombosis and pseudoaneurysm formation. 
HIFU has been used in a number of clinical settings to con-
trol bleeding and treat tumors using direct application of a 
device on the lesion [13]. In the trauma setting, it has been 
studied for hemostasis and pneumostasis for lung injuries but 
only in animal models [14].

The HIFU concept has since been applied to a transder-
mal approach as well but testing so far has been limited to the 
animal model. With a transdermal approach, the unit would 
not only determine if vessel bleeding was present as previ-
ously discussed, it would also calculate the depth of the 
injury to concentrate the HIFU therapy there in order to halt 
bleeding without damage to surrounding organs [15]. The 
role of robotics in this circumstance is in the automatic cal-
culation of this equation and adjustments in real time. 
Additionally, the HIFU probe could be manipulated from 
remote areas to assist with the hemorrhage control. For the 
medic on the battlefield then, internal bleeding could be 
determined and treated with remote assistance. This would 
allow the field medic the ability to triage his or her patients 
faster, treat internal injuries, and focus his attention on other 
patients when multiple patients are injured.

In regards to biomodulation of cancers, most of the work 
has been done in urologic malignancies, and it involves direct 
robotic placement of interstitial brachytherapy. Using image 
guidance via ultrasound or magnetic resonance imaging, there 

Fig. 39.2 Here the surgeon (author) sits at a console, while the bedside 
surgeon inserts the robot platform. The console surgeon can then con-
duct the operation. This could be done with the console surgeon at a 
remote location and via wireless connectivity

Fig. 39.3 In this image, the bedside provider is in Afghanistan apply-
ing the ultrasound probe, while the radiologist manipulates the probe 
and interprets the scan from Spain
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are several robot platforms that assist with the application of 
brachytherapy to the prostate and lung [13]. While robots have 
demonstrated varying degrees of automation and autonomy, 
the most advanced ones can be given a task and then adjust 
independently during therapy to compensate for patient move-
ment. The advantages of the robot platform include better 
accuracy of seed placement, decreased surgical trauma, and 
decreased radiation exposure to the clinical staff [13]. Clinical 
studies are lacking on long-term efficacy, and these robots are 
not yet commercially available.

Federally funded research has also focused on the manip-
ulation of diseased or cancerous cells at the cellular level 
transdermally or without having direct contact with the 
tumor. In order to identify these cells and treat each individu-
ally, the clinician would have to be accurate down to the 
microscopic level. This, of course, is not possible with the 
human hand alone. Robot platforms are being developed to 
do just this. The work of Yuan et al. in the identification of 
cancerous brain cells has been able to use plasmonic gold 
nanostars to label and identify diseased cells with accuracy 
to 80 nanomicrons in mice [16]. The scientists at the 
University of Washington, using the Raven II surgical robot, 
have been able to adopt a similar concept of labeling tumor 
cells and ablating them using the robotic accuracy in a simu-
lated environment [17]. While these concepts are still in their 
infancy phase, the development of this technology effec-
tively means that the cancerous cells could be removed with-
out needing an incision or, in the case of brain tumors, a 
craniotomy.

 Future

At this point we can only guess what the future of robotics on 
the battlefield and in the area of noninvasive biomodulation 
will be; but with the research and advances described, there 
is no harm in dreaming about what these entities can do. 
Robotics has already been described with helping amputees 
regain full function of extremities using a robotic nerve inter-
face that allows the patient to control his or her prosthesis 
more naturally [18]. For brain injuries, robotics has been 
used to assist with the cognitive recovery of patients. The US 
Army will soon be deploying robotic legs for its infantry. 
The legs will allow soldiers to run a mile in 4–5 min. It will 
also allow the wearer to carry more weight, and conse-
quently, a medic could lift a much heavier person to take 
them out of harm’s way [19]. All of these concepts have been 
funded by DARPA.

Now imagine identifying every cancer cell in the body 
and treating them directly without performing surgery and 
without risk to the healthy, normal cells. Imagine a medic 
under fire controlling cavitary bleeding from a traumatic 
injury in the chest, the skull, or the abdomen without needing 

to use a knife to enter the body. Imagine deploying one sur-
geon to the forward edge of the battlefield but having the 
physical capability of two. Imagine also that that surgeon on 
the battlefield has an entire staff of surgical specialists, from 
all over the world, able to provide consultation in real time 
and to first-assist in the surgical procedure. While many of 
these concepts seem like science fiction, the surgical world 
may be a lot closer to achieving them with the advancements 
of robotic surgery and medicine.
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Future Robotic Systems: Microrobotics 
and Autonomous Robots

Erica Dolph, Crystal Krause, and Dmitry Oleynikov

 Introduction

Current methods for robotic minimally invasive surgery 
(MIS) offer many advantages over their traditional laparo-
scopic counterparts; however, these advantages come with 
many trade-offs [1]. With the collective push toward single-
incision or incisionless surgery comes the need for increas-
ingly dexterous and untethered robots. Current surgical 
robots have limited degrees of freedom (DOF) and external 
power supplies, making them difficult to maneuver in hard-
to-reach body cavities and bulky in the operating room [2]. 
Due to these limitations, minimally invasive surgeries entail 
more complex motions to compensate for the reduced mobil-
ity of the robot, leading to greater surgeon fatigue [3]. This 
necessitates either the creation of robots capable of autono-
mously completing surgical tasks or the creation of robots 
with increased DOF.  Additionally, it is important to both 
miniaturize the surgical robots and also make the robots 
affordable for a wider range of hospital settings [4, 5]. 
Research groups have been working toward robots for MIS 
that are smaller and more dexterous and require less manipu-
lation of the body to help combat these shortfalls. These 
robots will lead to safer and less costly procedures for 
patients resulting in less rehabilitation time, surgical compli-
cations, and surgeon fatigue [6, 7]. Current trends toward 
smaller, more mobile, autonomous robots could have appli-
cations in a variety of procedures, including endoscopy, 
biopsy, incisionless surgery, and autonomous MIS.  This 
would allow for surgery to not only be more efficient in the 
operating room but could also extend surgery to more rural 

areas and even for use in disaster scenarios through remote 
telestration [6, 8]. This chapter will discuss prominent inno-
vations in the field of MIS robotics within the last 5 years. 
Each of the robots presented in this chapter represents a 
novel approach to alleviating some of the current shortcom-
ings in robotic MIS.

 Colonoscopy Robot

Colonoscopies are imperative in the diagnosis of many con-
ditions affecting the colon. The current method of colonos-
copy using a flexible scope can be painful for the patient due 
to the deformation of the colon wall and other complications 
that may occur as a result of the procedure. Dehghani et al. 
have developed a robot with a less invasive approach to alle-
viate these negative side effects [9]. Their colonoscopy robot 
(Fig.  40.1) uses a pneumatic driving system to gently tra-
verse the colon. The robot consists of four separate parts: the 
robotic tip, latex tubing, a tethered camera, and anal fixture. 
It achieves movement through a pneumatic circuit that 
inflates the latex tubing, moving the robotic tip further into 
the colon. Currently, the tubing is manually inflated as the 
robot moves; however, in the future, the hope would be to 
automate the inflation of the tubing to produce a semiautono-
mous robot. As the robot traverses the colon, the spiraled 
camera tether is slowly released from the camera tip and 
remains stationary inside the colon. This resolves the friction 
that occurs when dragging a mobile cable through the colon.

In testing, the robot was able to traverse a simulated colon 
with 90° turns in ten out of fourteen trials. One of the trials 
failed due to balloon rupture, and the other failures were due 
to malfunctions in the tip of the robot. In an ex vivo experi-
ment using pig colons with acute angles, the robot was able 
to successfully move through the colon ten out of eleven 
times, with the failed trial due to an anomaly in the pig’s 
colon that would not be found in a human. The robot held an 
average speed of 28 mm/s, making it much faster than the 
traditional scope. Tests were also performed to ensure the 
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pressure and temperature did not exceed safe values. In these 
tests, the pressure remained well below typically accepted 
values, meaning the colonoscopy robot could greatly 
decrease the pain and deformation that occurs in a typical 
colonoscopy. The temperature of the tip of the robot was 43 
degrees during the tests, which was one degree above the 
temperature they considered to be safe. In future, the tem-
perature of the tip of the robot would need to be dynamically 
controlled. Additionally in a stress test of the balloon, where 
they forced rupture of the balloon, substantial injuries were 
sustained to the pig colon. To ensure safety for the patient in 
case of an anomaly causing the balloon to break, they are 
considering using a noncompressible fluid as a safer alterna-
tive. Ultimately, even though improvements are needed for 
this robot, it does offer a safer, skill-independent, less inva-
sive alternative to the traditional colonoscopy. The robot 

exerted less force than a traditional scope and was able to 
greatly decrease the time necessary to move through the 
colon, showing great promise toward improving colonos-
copy procedures [9].

 UNL Single-Incision Robots

Our robotics team at UNL has also been working toward 
developing robots for use in single-incision surgeries. These 
robots are made with the intent to be completely enclosed 
within the abdomen during surgery, allowing for improved 
surgeon dexterity and resulting in fewer incisions and less 
pain for the patient [5, 10, 11]. Each robot employs a similar 
design, including a robot base attached to two dexterous 
arms with varying DOF, allowing for manipulation, cautery, 
and grasping within the body cavity. Each is operated using 
a master-slave configuration. These robots each represent a 
fundamental step toward improving laparoscopic single-
incision surgery and making it a feasible alternative to tradi-
tional, multi-port procedures.

In 2012, we presented a robot with two six-DOF arms, 
which allow for an almost infinite array of motions to improve 
dexterity from within the body [10]. This robot was actuated 
using cordless, permanent magnet, direct-current motors and 
was tested in five single-incision pig colectomies. At least one 
robot malfunction occurred each surgery; however, even with 
these technical errors, the robot was still able to perform the 
key sections of a colectomy the majority of the time. In 2013, 
we developed a new model of the robot with two four-DOF 
arms that could be inserted through a single 30 mm incision 
(Fig. 40.2) [11]. This robot was tested on a porcine model and 
to our knowledge was the first robot to successfully perform 
an entire in vivo robotic single-incision colectomy.

Two recent designs under development implement the 
Geomagic Touch system to incorporate haptic feedback [5]. 
Additionally, these robots have been developed using a cus-
tom software platform allowing for rapid development and 
incorporation of future robots. The software is built on a .
NET Framework and offers core robot services via a “plug-
in” type of infrastructure. This allows for reusability and ver-
satility of the software, supporting a broad range of future 
robots. One robot design in development has four DOF per 
arm and is equipped with a two-DOF elbow joint with a small 
port for a laparoscopic camera, a wrist joint, and an elbow 
joint, giving it a sufficient workspace for MIS. Because of the 
two independent shoulder joints, the arms can fold inward to 
allow for insertion through a small hole in the abdomen. This 
robot was subjected to testing in both in vivo and ex vivo exper-
iments to ensure feasibility. Through these tests, revisions were 
made to ensure the robot could securely enter into a pressurized 
body cavity, and the robot’s speed, dexterity, grasping force, 
and end-effector reliability were also evaluated. It had some 
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Fig. 40.1 (a) The robotic tip of the colonoscopy robot contains a cam-
era, sealing mechanism, and coiled tubing which is released from the 
tip as the robot traverses the colon. (b) The robotic tip progresses 
through the colon as the latex balloon is inflated by the air compressor. 
The anal fixture holds the tubing in place, and the sensors allow for 
dynamic force and pressure control. (Unpublished figure provided by 
Dr. Hossein Dehghani)
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shortcomings in target velocities around the edges of the 
workspace and the monopolar cautery shielding and ground-
ing but proved successful in the other areas.

Another robot was also created to improve upon the previ-
ous model (Fig. 40.3). This robot has a five-DOF design with 
a structure very similar to the previous robot but including a 
three-DOF shoulder joint. This extra degree of freedom nearly 
doubled the robot’s available workspace. Each joint contained 
within the robot is actuated by its own motor control module 
but shares one bus for power and data, simplifying the cable 
system. Additionally, this robot implements a custom camera 
system to allow for further miniaturization of the shoulder 
joint, enabling entry through a smaller port. There has been 
limited testing of this module, but it shows great promise of 
increased agility for use in single-incision surgery. These 
robots could allow a surgeon to operate with more mobility 
while greatly decreasing the number of patient incisions 
required. With additional revisions and testing, these robots 
could make single-incision surgery an easier, safer, more fea-
sible alternative to current laparoscopic methods [5].

 HeartLander

MIS is most prominent in gastrointestinal procedures, but 
MIS robots are also being developed in alternate fields. 
Petronik et al. have been developing a robot for use in mini-
mally invasive heart surgery, the HeartLander (Fig.  40.4) 
[13]. The original robot had a miniaturized design and was 
made to be inserted into a small incision below the sternum. 
The robot implemented a tandem-body structure to achieve 
an inchworm-like motion actuated by a suction mechanism 
to allow for movement on a beating heart [13]. Due to the 
surface properties of the heart and because it is in constant 
motion, the suction mechanism employed by the HeartLander 
robot would have to exert a significant amount of suction 
force on the tissue at the heart surface in order to maintain 
contact, which could lead to complications, including tissue 
deformation.

The group has since been working on ways to improve the 
attachment of the robot onto the heart. In 2012, they 
 investigated using gecko-inspired bio-fibers to improve the 
hold on the epicardial tissue [12]. The group used mush-
room-tipped microstructures composed of a two-part poly-
urethane elastomer to mimic the feet of a gecko inside of the 

Fig. 40.2 The UNL robot developed in 2013 has two six-DOF arms 
that allow for maneuverability inside the body cavity. It was developed 
for use in single-incision colectomies and designed to be completely 
enclosed in the abdomen and teleoperated by an external console. This 
robot was the first of its kind to perform a single-incision in vivo por-
cine colectomy. (Figure originally published in [11], © 2018 
IEEE. Reprinted, with permission, from Wortman et al. [11])

Fig. 40.3 The most recent iteration of the UNL robot is small enough 
to enter the body cavity through a singular port but maintains dexterity 
through its two-armed, five-DOF design. The figure depicts the robot 
performing a peg transfer task while being teleoperated. (Unpublished 
figure provided by Lou Cubrich)
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suction chamber. Through the ex vivo testing, the force on 
the tissue was determined to be significantly better with the 
fibers, giving a 57.3% improvement in the attachment to the 
tissue sample. The addition of these fibers shows promise for 
the robot to safely travel on the heart without risk of deform-
ing the tissue, but further testing is needed to investigate the 
necessary acclimation period of the fibers on the heart. This 
advancement could have diverse applications for low-risk 
adhesion and movement of surgical robotics made for vari-
ous different regions of the body [12].

 Four-DOF Origami Grasper

A major issue regarding surgical microrobotics is the trade-
off that occurs between miniaturization and force exertion. 
The team of Salerno et al. has developed a robotic tip for use 
on larger robotic arm to enhance dexterity without having to 
considerably compromise on either term [14]. Their inspira-
tion comes from paper origami and the idea of three-dimen-
sional objects having the ability to fold down into two 
dimensions. Their robotic tip uses this idea to implement 
foldable triangular laser-cut carbon fiber to allow for rota-
tional and translational movement. The robot consists of a 
three-DOF folding parallel module, passive twisting mod-
ules, and a compliant one-DOF gripper. The parallel module 
houses shape memory alloy (SMA) helical spring linear 
actuators which allow for foldability and motion. The design 
supports miniaturization while still allowing the grippers to 
exert large forces up to 2000 times its own weight because of 
its origami-like features. In external testing, the robot was 
able to exert a force of around 5 N and achieve over 6 mm of 
translational movement and a sufficient amount of tilting 
movement. This equips the robot with enough movement 

and force for use in clinical applications. Though this design 
is still in the early stages of development, it offers a unique 
approach to combining actuation and miniaturization. The 
foldable structure is a novel advancement toward allowing 
for extensive gripping and actuating capabilities in microro-
bots [14].

 Active Locomotion Intestinal Capsule 
Endoscope (ALICE)

Capsule endoscopy has become an emerging trend among 
MIS because of the increased visibility and control it allows 
a physician. Numerous research teams have developed cap-
sule endoscopes with the ability to view and biopsy tubular 
organs, but many don’t provide a mechanism for active loco-
motion and instead rely on the passive movement through 
the body. Le et  al. have developed an active locomotion 
intestinal capsule endoscope (ALICE) that is able to be swal-
lowed and can be actively guided by an operator to different 
areas in the digestive tract [15]. The group then adapted this 
capsule to have the ability to biopsy a lesion area inside the 
body [16]. The active locomotion allows the biopsy instru-
ment to take precise biopsies in both tubular and non-tubular 
organs throughout the digestive system. Movement is 
achieved via a permanent magnet embedded in the robot, and 
it is steered using electromagnetic actuation, allowing the 
robot a full five DOF. A notable problem associated with this 
smooth type of capsule design is the decreased mobility in a 
collapsed colon, which could be accommodated for in the 
future with an expanding device [17]. The biopsy tool 
employed by the robot is controlled by a micro-reed switch, 
which is triggered by a higher-intensity electromagnetic 
field. It contains a sharp razor and torsional spring to obtain 
a biopsy of around 5 mm3. When tested in simulation, the 
robot was able to navigate to a target lesion accurately, and 
the micro-reed switch was able to be activated. In ex vivo 
testing using a fresh pig intestine, 12 trials were ran, and the 
robot was able to obtain a biopsy 100% of the time, with an 
average biopsy volume of 4.5 mm3. In future, the applica-
tions of this capsule could be further expanded to be utilized 
for tattooing inside of the body and position recognition for 
use in MIS [16].

 Motor-Based Capsule

Gao et al. also created a capsule endoscope that uses active 
locomotion to traverse the digestive track [17]. This capsule 
is 13 by 28 mm, with two expanding leg-based devices to 
promote movement in a collapsed intestine. Previous groups 
have created similarly structured robots with expanding 
legs, but these earlier designs did not incorporate a sealing 

Fig. 40.4 The dual-chamber body of the HeartLander robot allows for 
it to move along the heart via an inchworm-like motion actuated through 
a suction mechanism. The small design allows for insertion via a small 
incision below the sternum and applications in minimally invasive heart 
surgery. (Courtesy of Cameron Riviere, from Tortora et al. [12])
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mechanism around the expanders to prevent the robot from 
taking up fluid or tissue from the body. Gao’s design uses 
two O-rings to seal the inner chamber of the robot. These 
O-rings, though they cause a small amount of torque loss for 
the robot, improve the overall safety and functionality of the 
robot. A sealed expanding chamber is used to facilitate 
movement of the robot through promoting an inchworm-like 
pattern of motion. This movement is powered by a wireless 
power transmission consisting of a one-dimensional trans-
mission coil and three-dimensional receiving coil. The power 
supply did cause some stalling in ex  vivo testing, but this 
issue was overcome by a recording-restoring gait which 
allowed the robot to continue without resetting each time 
there was a lull in the supply. Additionally, they performed 
waterproof and acid-proof testing, which verified the sealing 
ability of the O-rings. Ex vivo tests were also performed in a 
collapsed porcine intestine, and the robot was able to suc-
cessfully traverse it. This robot shows promise toward the 
reduction of pain and discomfort in endoscopy and has the 
potential to allow the physician to have more control over the 
endoscope. Future work would include incorporating other 
functional modules into the capsule such as a drug chamber, 
grasper, and a biopsy device to make a more robust capsule 
endoscope [17].

 Modular Magnetically Anchored Robot

Tognarelli et al. are developing a robot that takes an entirely 
different approach to NOTES.  Their robot implements a 
magnetically anchored triangular frame built to house mini 
surgical robots (Fig. 40.5) [18]. This frame design was cre-
ated specifically to maximize the magnetic anchoring poten-
tial in patients with larger abdominal walls while still 
maintaining a safe level of force on the skin. This robot can 
support a weight of 500  g when assuming an abdominal 
thickness of around 25  mm. The frame consists of three 
SMA-actuated docking stations, each capable of housing an 
individual surgical tool. The frame was built in a manner that 
allows for insertion and extraction in a linear fashion, thus 
allowing for entry through the esophagus. Each of the surgi-
cal tools is also small enough in size for esophageal inser-
tion. These tools implement a modular design with 
interchangeable end-effectors equipped with two 
DOF. Currently, the camera module is the most developed, 
and a full set of surgical tools is under development. The 
prototype robot uses an external power supply but in future 
work would implement a wireless design for additional 
mobility. This robot has been tested in an in  vivo porcine 
model. For the insertion of the robot, an 18  mm port was 
needed, and the insertion took around 4–5 min. The robot 
was able to be successfully deployed, maneuvered through 
the gastric wall to the abdominal wall, and anchored. The 

camera module was inserted through a separate trocar open-
ing and was able to be anchored to the frame in order to test 
the motion of the camera and external handle. This study 
concluded that the magnetically anchored frame proved to be 
a feasible option for NOTES surgery in the future. Their abil-
ity to apply a magnetic anchoring system to cases of thick 
abdominal walls without damaging the tissue is an integral 
step toward making magnetic anchoring robots a reality in 
gastrointestinal MIS [18].

 Stiffness Controllable Flexible and Learnable 
Manipulator for Surgical Operations 
(STIFF-FLOP)

The Stiffness Controllable Flexible and Learnable 
Manipulator for Surgical Operations (STIFF-FLOP) robot 
design (Fig. 40.6) is inspired by the fluid but strong motion 
of an octopus arm [20]. This robot is built to eliminate the 
divide between force and dexterity and marry the two 
together, creating a robot capable of being used as both a 
retractor and a grasper in MIS. The robot is cylindrical, con-
sisting of three fluid-actuated inner chambers housed in a 
larger elastomeric cylinder, complete with braiding to pre-
vent outward expansion and promote elongation. In the cen-
tral portion of the robot, there is a stiffening channel filled 
with granular material to be used in a granular jamming 
mechanism, allowing the robot to stiffen upon command.

In testing, the robot was able to bend to an angle of 120 
degrees, elongate by 86.3%, and apply a force of 46.1  N, 

Fig. 40.5 The modular magnetic robot has a detachable triangular 
base for esophageal insertion and magnetic anchoring inside the body. 
It can house up to three two-DOF mini-surgical tools, such as the cam-
era shown in the figure. (Courtesy of Dr. Tognarelli, from Tognarelli 
et al. [18])
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which were all deemed acceptable for surgical tasks. The 
robot was able to significantly stiffen when the jamming 
mechanism was actuated, but it is not yet capable of com-
plete shape-locking [19, 21]. Upon testing, there were some 
issues with the expansion of the inner tubes, but in a subse-
quent prototype, these issues were subdued by adding a 
braided structure to the inner channels, preventing them from 
excessive outward expansion [20]. With improvements in the 
jamming mechanism, this robot could allow for improved 
agility in surgery with enough strength to still perform surgi-
cal tasks. This could greatly increase the mobility for the sur-
geon and allow for surgery in hard-to-reach body cavities. 
Additionally, in follow-up studies led by outside groups, this 
robot has been used to automate reaching and targeting 
behaviors, further showing its utility toward improving 
robotic MIS [22, 23].

 Autonomous Suturing

One of the most tedious and redundant tasks involved in MIS 
is suturing. This process is both fatiguing and time-consum-
ing for the surgeon. For this reason, a major focus of surgical 
robotics research is the development of automation for the 
process of surgical knot tying and tissue piercing. Mayer 
et al. has been working to automate the process of MIS sutur-
ing using numerous techniques [24]. In 2008, they investi-
gated using the Endoscopic Partial Autonomous Robot 
(EndoPAR) and recurrent neural networks to achieve an 
autonomous knot-tying action. The EndoPAR is an experi-
mental robot that uses four ceiling-mounted arms to operate 
in a semiautonomous fashion. This learning approach pro-
duced knot tying at four times the demonstration speed. In 
2012, they investigated using skill transfer with a scaffolded 
framework on surgical arms originally deployed by the da 

Vinci system [25]. This learning approach allowed the robot 
the ability to tie a knot in a new environment, which is 
incredibly useful for the dynamic environment present in the 
operating room [24, 25].

In 2010, the authors evaluated using a laser pointer to 
guide a robot to automatically pierce the tissue in preparation 
for suturing [26]. They used six-DOF arms that were previ-
ously employed by the da Vinci System, one of which was 
equipped with a laser pointer to allow the surgeon to select 
where to guide the robot to pierce the tissue. They used posi-
tion-based alignment to guide the needle to the laser pointer 
and then switched to image-based alignment to zero in on the 
exact location. The needle could then execute a bite of the 
tissue and follow-through in a circular motion. In testing, the 
position-based alignment was able to guide the needle within 
10 mm of the laser pointer, and after the image-based align-
ment, the error was only around 1 mm. They performed the 
piercing action on both a piece of phantom tissue and ex vivo 
tissue. The phantom tissue trials were successful, but the 
robot was not able to successfully pierce the ex vivo tissue 
because it was too soft and the laser point was diffused. 
However, this study presented a novel method to use a laser 
guidance system to direct tissue piercing, and in the future, 
lasers could be employed as part of a larger automated sutur-
ing system. Though the execution still has flaws, these stud-
ies show significant advancement toward automating the 
suturing process and diminishing surgeon fatigue in MIS 
[26].

 Interchangeable Surgical Instrument System

In the operating room, it can expend valuable time to con-
tinually remove the instruments for cleaning and exchang-
ing outside of the body cavity. A group of researchers at 
Berkeley, led by McKinley, has developed a fleet of end-
effector tools, with the potential to be automated for tool 
change within the body [27]. The end-effectors created 
were built to be used with the da Vinci Research Kit in an 
automated tumor resection simulation. They designed a 
specific instrument tip mount that attaches onto surgical 
retractors, allowing the tool tips to be easily mounted and 
dismounted from the instrument. Once the feasibility of 
this mounting system is assessed, the future goal is to 
implement an interchangeable tool-tip attachment to allow 
for autonomous tool change during surgeries. The authors 
have developed a novel tool-changing adapter (TCA) that 
can be mounted to a needle driver to assist in the removal 
and attachment of different tool tips. Using this method, the 
TCA could carry a new tool tip to the receiving arm and 
then attach it to the end of the arm, all while inside the body 
cavity. In testing, the team evaluated the feasibility of the 
mounts during an autonomous tumor resection. The robot 

Abdomen

Trocar

3 connected
STIFF-FLOP
modules

Fig. 40.6 The modular STIFF-FLOP robot can be inserted through a 
trocar port and used for MIS in hard-to-reach body cavities. The cylin-
drical chamber provides the ability for fluid motion, while a jamming 
mechanism allows the robot to stiffen when activated, allowing for both 
grasping and retracting applications. (Courtesy of Matteo Cianchetti, 
from Cianchetti et al. [19])
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was able to carry out an autonomous tumor resection with 
the novel tool tips, only requiring human interaction to 
switch out the tool tips. In the future, the switching of the 
end-effectors would be implemented as an autonomous fea-
ture allowing for the ease of use and time-savings during 
the operation [27].

 Conclusion
Each of the robots presented in this chapter takes a unique 
approach to improving various aspects of MIS. With the 
future of surgical robots leaning toward the creation of 
untethered, dexterous, autonomous microrobots, these 
advancements are crucial moving forward. In the future, 
robots could be capable of carrying out complex surgeries 
with limited human intervention, performing single-cell 
surgery, and working in swarms to address problems from 
within the body [4]. The applications of microrobots will 
continue to grow as researchers create robots capable of 
more advanced procedures and interventions. This will 
allow for great improvements in the quality of care for 
patients and extend the reach of advanced medicine to 
more people [6].
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